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From painstaking research, such as is sunnnarized in this

report, we hare learned in recent times that most of the world* s

coastal waters are Infested more or less with destructive marine

horers. Some costly marine structures htiilt in the last decade

without due appreciation of the marine horer menace have "been

totally destroyed "by their attacks. In other cases, structures of

a relatively temporary nature have req.uired extensive repairs after

only two or three years of service.

Detailed knowledge of the "biological conditions in a given

harhor is indispensahle to those who are concerned with any type of

marine structure containing timber.

Before a marine structure is designed or constructed, it is

extremely important that the degree and type of local infestation he

accurately determined and that specifications he eatahlished which
will assure its resistance to horer attacks. After it is erected, it

is equally in^ortant to maintain regular, thorough inspections and
tests if horer damage is to he averted.

It is 'the helief of the Bureau that the information in this

report will he of value not only to those officers of the Civil
Engineer Corps who have cognizance over harhor Installations, hut
also to all others who are concerned with shoreside construction and

the maintenance of timber marine structures and/or the relatively safe

herthing of wooden vessels.





FOREWOED

Every year millions of dollara' worth of marine structijres are

damaged "by marine "borers of various. Mnds. They "bore into and may

eventually destroy not only tiaiber, "but also low-grade concrete, soft

stone, and other nonmetallic materials in salt water. No salt-water

port in the world is entirely safe from their depredations, except

perhaps where the water is extremely diluted with fresh water or is

heavily polluted with acids, oils, or other industrial wastes. Even
heavily creosoted wood is not immune from Limnoria , the most widely
distrihuted genus of crustacean horer.

Since ahout 1920, various types of marine "borer traps and test i

hoards have "been designed and systematically siibmerged in harhors all

over the world for the purpose of determining the type and extent of

marine horer attack to which shoreside structures may "be suh jected.

Exsimining these indicators at regular intervals led to the accumulation
of much valuable data concerning the density of horer attack, rate of

destiniction, "breeding seasons, distribution of the various species, length

of life, rate of growth, and other significant factors relative to marine
"borer activity and destructiveness

.

Test "board data are now considered indispensable in the design of

marine structures. When kept up to date, these data serve as continuous
warnings against sudden borer invasions or a large increase in the borer
popiilatlon. They are of basic value in the preparation of wharf speci-
fications and in the study of the fouling of intake tunnels, sMps'
bottoms, and ships' service pipe lines. They form the basis for accurate _

decisions as to the borer resistance of various woods, and the relative
effectiveness of various treatments of piling and structviral timbers
subject to borer attack.

The extensive program, of research now under way is an outgrowth of
the initial investigations by the National Eesearch Council in 1922 and
1925. These studies proved of such eccaiomic value that 'they were later
organized on a continuing basis, and the present program conducted by the
William F, Clapp Laboratories is being carried on at more than 500 loca-
tions along the United States coasts.

From 19h2 to 19'<-7, the Bureau of Yards and Docks of the "Dnited States
Navy sponsored marine "borer studies at 56 important harbors. The results
are summarized in Sections 2 to 57 in PART A of this report, which com-
prises a narrative analysis of the data from each of the 56 harbors. These
locations are widely distributed along our Atlantic and GvLLf coasts; in
Canada and Alaska; in various Caribbean islands; in Brazil, North Africa,
Sicily, and Italy; and in the Pacific as far as Australia and New Zealand.
Each analysis identifies the marine borers which attacked the test boards ^
at a given station, summarizes the intensity of borer attack, and describes
the kind and number of fouling organisms present. The depth of the test
board and various hydrographic data also are reported. Additional data
for 19k& and 19^9^ where available, are sumnoarized under the heading
"Recent Addenda.

"
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PJ\ET B iB a tabular Bummary of test "board data recor^'^ed during

1951^-19112 at several hundred locations. The majority of these locations

are in the Middle Atlantic harbors; the others are scattered along the

South Atlantic and Gulf ports in the Caribbean islands; in Venezuela

and Brazil; in Italy; along the Pacific coast southerly from Adak, Alaska;

and in the Hawaiian and other Pacific islands, Australia, and New Zealand.

Additional information on this subject may be found in the intro-

duction to "Harbor Reports on Marine Borer Activities," HavDocks T-k^,

recently published by this Bureau, and in other publications listed in

the References at the end of Section 1.

The test data were compiled from daily reports prepared by the

"biological staff of the William F. Clapp Laboratories. Mich of the more

recent ;test-board-panel analytical and evaluation work was done by
Mrs. Dorothy Brown and Miss Irene Damon of that staff, and the assembly

of the resiilting information into its present form was accomplished by
Dr. Arthur Ehoads, also of the Clapp Laboratories. Dr. Ehoads also

prepared charts of each of the surveyed harbors, showing the location,

of each test board. These charts are available for reference In the

files of the Research Division of the Bureau of Yards and Docks, Navy
Department, Washington, D, C., and in the Clapp Laboratories at
Duxbury, Mass.
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PART A
ANALIBIS OF TEST BOARD RESULTS

Section 1 - GENERAL

Al.Ol Prevalonce and Deetruetlveness of Marine Borers

Test "board data Indicate that destructive marine "borers are

very widely dlatrituted. Various species of "borers have "been found

in most coastal waters, and it is pro"bahle that no port in any part
of the world is entirely free from "borer attack.

Eecent studies have hrought to light the great influence of

local conditions on "borer activities, although sufficient data are not
availa"ble to evaluate the particular effects of local factors, such as

currents, depth of water, degree of salinity, temperature, and pollution.
Thus it has "been thought that in the tropics marine "borers are not only
more numerous "but are more destructive, "because it is a fact that they
grow and "breed more rapidly in warm waters. But recent studies in
northern harljors show that the maximum po3si"ble rate of "borer destruction
in tim"ber piling may occur in Uewfoundland and Alaslea as well as in
locations near the equator.

For exanrple, sections of piles 22 inches to 15 inches in diameter
have "been totally destroyed "by marine "borers in six months or less in
such widely separated areas as Alaska; Newfoundland; Nova Scotiaj Fire

Island, H. Y.J Mayport, Fla,; Puerto Ricoj and San Francisco, Calif.

Lack of knowledge of the presence of destructive marine
organisms in a given area, or failure to anticipate the extensive damage
that such "borers can cause, dou"btless accounts for many costly repairs
which have "been required on shipysird docks, launchwaya, ramps, piers,

and various other structures. In some cases, wartime structures, haatily
"built and perhaps designed for only occeisional or limited use, have "been

severely damaged "by "borers in only two or three years of service.

In still other cases, large and costly structures "built around

1941 for naval and other governmental uses, in this country and ahroaid,

have Iseen entirely destroyed "by "borer activities. The losses thus

incurred run into many millions of dollars.

The accumulation of data from the test "board research program
will, therefore, "be of great economic as well as scientific value.



A1.02 Destructive Species of Marine Borera

1, DeflMtlon. For centuries the terms "shipworm" and
"plleworm" liave teen applied to various marine 'boring organisms,
especially Teredo, which have heen ohserved "boring Into wood
suTmerged in salt water. In this report, the generic term "marine
"borer" Is used to designate any of the several hundred species of
meirlne Invertebrates which hore Into tlmher, low-grade concrete, soft
stone, or other nonmetallic materials in salt water.

All of the inrportant species of marine "borers "belong to one of
two families: the mollusca, a phylum of the animal kingdom which
Includes the limpets, snails, oysters, clams, and cuttlefish; and the
crustacean family, which includes cra'bs, lo'bsters, and shrimps. Adult
"borers considered in this report range in size from the minute to those
approximately one inch in diameter and several feet in length.

f 2. The Molluscan Borers . The two important species of destructive
mollusca are the Teredinldae , the most widely distri"buted and most
destructive, including the well-known Teredo and important genera such
as BanMa and Lyrodus ; and the Pholadldae , a family of "bivalve "borers
which includes some very destructive clam-like "borers. Mollusca not 'so

well-known are the Martesla, Xylophaga , Lithodomus , Zlrphae , and Petricola .

a. The Teredinldae are generally found "boring into tim"ber,

"but have "been o"bserved working into asphalt, "bakelite, neoprene, manila,
•^ sisal, and various plastics. In their larval stage. Teredo navalis and

kindred marine forms are free-swimming. This stage lasts, in the case of
T. navalis , only one or two days, since they are expelled hy the parent
as fully developed em"bryos; whereas Bankia , spawned as minute eggs, roll
around in the water from two to four weeks "before their larval stage is
over. During this period, the animal appears to "be not too different
from other "bivalve larvae. At the end of this period, the larvae, now
perhaps l/k mm in length, which lodge on sulta"ble surfaxses, develop
into a quite different form and "begin to "burrow into the material. The
"body elongates into a worm-like shape of which only the head is covered
"by the hinged shells; the latter, edged with rows of microscopic denticles,
now constitute the "boring tool.

The "borer's tall is securely attached to the wall of the tunnel
it is "boring, close to the entrance. As the tunnel goes deeper into
the material, the shells and "body of the "borer "became longer and grpw
rapidly in diameter, some species attaining a diameter of l/2 inch or
more. Teredo longer than four feet have "been reported; many two-foot
specimens have "been repently found. As "boring progresses, the entrance,
hole does not increaso much in size, a situation which imprisons the-

"borer in its tunnel, as the tunnel "becomes partially lined with a lime
deposit.



Two fleshy siphons at the tail end of the "borer, vhich peModt
It to talsB^ in and expel vater, may he extended as much as an inch
from the entrance to the tuimel; or the "borer may plug the tunnel at
vill "With a pair of calcareous tall memhers called pallets. Thus the
tunnel may "be sealed, ena"bling the "borer to withstand for seme time the
unfavora"ble conditions attendant upon removal to fresh water or into
thB open air. Thus the outside appearance of a piece of wood infested
"by marine "borers is often deceptive: a piece that appears to "be merely
dotted, with tiny entrance holes may in reality contain so many tunnels
that only a we"b of wood remains.

"b. The Pholadidae . The Pholads are a family of "bivalve

"borers of which two genera, Martesia and Hiata, have "been frequently
found in wooden marine structures, Qilite different from the Teredinidae ,

these small, flat, clam-11be "borers do not drill into wood much farther
than the length of their shell, which is usually not over two inches.
They make larger entrance holes than do the Teredinidae , however. As
they "burrow they, too, grow larger and imprison themselves in their own
tunnels. Although found around the entire world, Pholads are prevalent
in fewer num"bers than are Teredinidae and Limnoria and are conseq.uently
responsl'ble for much less damage, even though their attack is more
difficult to prevent. In this last connection, for example, it might
"be noted that wood heavily impregnated with creosote has frequently
"been fotmd "badly damaged "by Pholads although practically untouched "by

Teredinidae .

5. The Crustacean Borers . The crustacean "borers, which are
almost always found in tunnels in vood, include Sphaeroma , Chelura,

and Limnoria. By far the most widely distrihuted and most destructive
of these is Limnoria , which are numerous in almost all har"bors, and
are found in arctic as well as tropical waters.

a, Sphaeroma, also widely distrl'buted, is only occasionally
responsl'ble for the destruction of timher.

"b. Chelura, until recently, has "been considered at least as
destructive In wood as Limnoria . Recent studies, however, seem to
indicate that this species has "been greatly overrated in its destructive
a"bilities, possl"bly "because Chelura are frequently discovered occupying
a"bandoned Limnoria txumels.

c. Limnoria , most destructive of the crustacean "borers, are
only ahout l/8 inch long. Their "burrows are generally confined to the
surface of the wood, or to a depth which seldom exceeds jA inch.



Althou^li fres to move atout on wooden surfaces, they usually continue
to iDurrow close to their starting point. Usually very numerous, and
living on the wood suhstance, they soon i^educe the surface of the wood
to a network of interlacing "burrows which are readily eroded "by

movement of the water, thus .enahling the "borers to continue drilling
deeper into the wood.

There are many examples of untreated piles which are "being

destroyed hy Limnoria ,at the rate of one inch per year. Even heavily
creosoted wood is not immune from attack hy these ravenous animals, and
it sometimes suffers serious damage. Limnoria retains its free-swimming
ahility throughout the adult stage, thus it is ahle to move, when
disturhed, to a more congenial hahitat. On piling, the attack is usually
most intense from half tide to slightly helow low tide. However,
destructive attack has often occurred from the low-tide level down to
the mud line, at depths that may reach 70 feet.

AI.05 Method of Detecting and Bating Borer Attacks

1. Detection . Standard test hoards, suhmerged at various
depths and examined at regular intervals, are the most practical means
thus far devised for detecting the various species of "borers and/or
fouling- organisms which occur in a given area. The severity of "borer

attacks is determined in accordance with a standard rating scale which
ranges from "trace" to "very heavy."

In this way valuatle data have "been accumulated from harhors
all over the world on density of "borer attack, rate of destruction,
"breeding seasons, dlstri"bution of the various species, length of life,
rate of growth, and other significant factors relative to "borer

activity and destructiveness.

Standard test "boards (see paragraph AI.08) are now "being

operated "by the William F. Clapp Laboratories at more than 5OO
locations along "United States coeists. The infoimation thus "being

collected and analyzed as to the hahits and life histories of "boring

organisms is proving valua"ble to designers and "builders of marine
structures and to those responsi"ble for the maintenance and protection
of such structures.

2, Ratings for Evaluating Borer Attacks -on Test Boards .

a. Severity of Attack . Study of data accumulated from a
large num"ber of test "boards shows clearly that a mere count of the
num'ber of horers is not a true indication of the severity of their -

attacks. It has heen o"bserved that many em"bryonic forms of species such



as Teredlnldae or Pholadldae do not develop sufficiently to do much
damage.

This is true m the cold Waters of Uewfoundland and vicinity,

where large numbers of emhryonic Teredo often occur, hut die hefore
they can emhed themselves in the test hoards. For this reason, it is

concluded that in evaluating Teredinidae and Pholadidae attacks it is

more useful to record the size and number of tunnels, that is, the

degree of attack, than to count the exact number of borers. Thus a
reading of even 500 minute pits vould be recorded only as a "trace",

from the standpoint of attack, if the borers vhich made the pits did
not live to make destructive tunnels. Limnoria attacks, however, can
be accurately rated by a careful count of the ntonber of borings.

b. Scale of Ratings . This scale is used as a general guide
in evaluating the degree of attack on the standard test board (nine

blocks or panels, 8-month ba^is) by three of the most destructive species
of borers.

Teredinidae

Number of tunnels
per block or panel , Attack Rating

Up to 5 .Trace

6 to 25 Slight
26 to 100, or 25^ filled Moderate
101 to 250, or 50^ filled Medium Heavy
Over 250, or 75^ filled Heavy
Filled, riddled, or destroyed Very Heavy

Pholadidae

Up to 5 Trace
6 to 20 Slight
21 to 50 Moderate
51 to 100 Medium Heavy
101 to 200 Heavy
Over 200, filled, or riddled Very Heavy



Tunnels
per sg In.

1

10

25
50

75
*100

Limnorla



Figure 1
A panel j grossly riddled "by Limnoria , taken from a test Isoard

sulmerged for 8 months during 1946 near Pier No. 9 in Boston Hartor.

Figure 2
Another panel frcm a test hoard suhmerged in Boston Harhor for 8

months, this time in 191^7. This panel also shows heavy infestation hy
Limnoria , There is no evidence whatever of* Teredo.



Figure y
' A "badly damaged panel frcm a test "board sulmerged for only h

months in 19^^? near Palafox St. Ferry Slip, Pensacola, Florida. Both
Limnoria and Teredinidete have "been husy here. A ccmpeirison with the
panel of Figure k will show that the attack in k months in I9U7 in

this harhor was worse than that of 8 months in 19^5 •

Figure k

A panel removed from a test hoard suhmerged in the vicinity of
the Railroad Trestle, N.A.S. Pensacola, Florida, after 8 months'
suhmergence in 19^5. The damage was caused, in the main, hy Teredo,
there heing little or no evidence of Limnoria.
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:IX

Figure 5
Portion of an untreated pile from the Tugtoat Dock, K.O.B.

Womens Bay, Kodiak, Alaska. This portion was taken from near the
mud line. A heavy attack of Bank!a setacea has virtually shredded
it. A slight Limnoria attack on the outer circumference is also evident.

feps"^M^

Figure 6

A split verticeuL section of aji untreated pile from the Tughoat
Dock, N.O.B. Womens Bay, Kodiak, Alaska. Pile has "been ruined by a
heavy attack of Teredinidae

.



Figure 7
Outside portion of a completely destroyed electrolytic-copper-

sulphate treated pile frcm U.S.W.A.S., Sitka, Alaska. Pile had "been

in service l8 months. Most of the visihle damage was caused "by

Teredinidae "but Limnoria is also present in numbers.

Figure 8
Typical inside portion of the pile shovm in Figure 7« Note that

the pile has "been completely riddled^ vith full-grown Teredo in plain
view.
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Figure 9
Sections of untreated piling from Pier No. 91 > Seattle, Washington.

It is plainly apparent that the pile has "been ruined chiefly "by Teredo,
although there is evidence of a slight Limnoria attack around the
outer periphery. Pile had been in service only 11 months.

Figure 10

A panel removed from a test "board at Pier No. 90, Seattle,
Washington. Pile had heen submerged 120 days. Most of the visible
damage was done by heavy Teredo attack. A trace of Limnoria is
also evident.

11



t'Mf.

Figure 11
Section of an untreated -ponderosa pile taken from the Storage

Boom Dolphin, Hunter's Point, California. Pile had heen in service 22^
days dioring ish'^ and failed completely before "being removed. ThQ
destructiveness of Teredinidae is very veil illustrated here.

12



A1.05 Same Results of Test Board Research

1. Prevalence and DestructlvenesB . Accumulating test "board data
on meirine torer infestation at many hartors form the tasis for the
following deductions regarding the effects of local conditions, the
inhihiting effects of industrial pollution, and the favorahle conditions
found to exist in northern hartors.

a. Effects of Local Conditions . In a given area, various
local conditions "besides temperature of the water may strongly affect
the prevalence and destructive activities of horers. The individual
effects of currents, degree of salinity, depth of the suhmerged
structure, pollution (see the following peuragraph), and other
factors cannot "be determined at present. However, it is laiown that if

certain species of horers are introduced into areas where they did not
previously exist, and conditions prove favorahle, lie horers will thrive,

multiply, and cause serious damage.

t.^ Inhihiting Effects of Pollution . It has heen ohserved
that heavy pollution seems to prevent, or at least to minimize, the

activities of marine "borers. For example, after the removal of sewage

from an area previously immune to Teredo attack, a heavy onslaught of
the "borers was o^bserved. On the other hand, numerous sewer outlets
made of wood have "been totally destroyed "by Teredo. As a general riile

the factors unfavora'ble for "borers axlse from Industrial wastes—acids
and oils—rather than from domestic sewage.

c. Favora'ble Conditions in the Arctic . As noted in
paragraph Al.Ol, "bprer damage in northern har"bors in Alaslia, Newfoundland,
and Nova Scotia may "be as rapid and severe as in southern waters. In
general, low temperature of the water greatly reduces the rate of
destruction "by Teredinidae , hut this is not true of Limnoria . The latter
is almost always present in the waters of many northern har"bors, as, for
example, at Kodiak, Alaska, where it was very active during the initial
three months of a recent survey and "became even more active later.
Again, a trace of Limnoria was found in test. "blocks at Adak, Alaska,
in each of four monthly examinations during' the first part of 19^8.

2. Reports on Treated and Untreated Wood . The o"bserved results
of using treated and untreated wood are summarized in a., "b., and c.

"below for Sitka, Alaska, and Bremerton, "Vfashington. A method for
successfully repelling "borer attacks on hoat hulls is outlined in
paragraph d.

a. Summer-cut Sitka Spruce (with "bark removed) was reported
to "be completely destroyed "by Teredo action at Sitka, Alaska. However,
the piling of the New Navy Dock at this location, which had "been treated

15



vith arsenlous trioxide, copper sulphate, and zinc sulphate, vas
reported to have remained sound.

h. Electrolytic, open-tank treatment of piles hy the use
of copper sulphate, sulphuric acid, and other chemicals proved of no
value against Teredo attack at Sitka, Alaska. Figure 7 and 8 show
samples of piling treated hy the above method which were completely
destroyed in less than two years.

c. At the Puget Sound Wavy Yard, Bremerton, Washington,
it was found in ipUi)- that test "boards made of Douglas fir, western
hemlock, western white pine, and cedar were similarly filled or
riddled hy Bankia setacea. Whether the Douglas fir panels were of
heartwood or aapwood, they were riddled hy Bankia setacea , and were
attacked hy Limnoria the same as were the other kinds of wood.

5. Protection of Wooden Hulls . In 19^J<- a method was developed
at the U. S. Coast Guard Training Station, Mayport, Florida, to protect
the hulls of wooden "boats; marine horers were reported to have "been

eating away the keels of small boats in 12 to I8 months. The new method
was to install a 1-inch worm shoe on the keel, with a layer of tar
paper (commercial felt) between it and the keel. This was reported to
repel marine borers for $0 to 120 days, as the borers were reluctant
to penetrate felt, and instead, bored horizontally along the worm shoe.

AI.06 Use of the narrative and Tabular Summaries

The following paragraphs, 1 and 2, explain the use and application
of the 56 narrative summaries which constitute PART A of this report,
and of the tabular summaries at I60 world-wide locations which conrprise

PART B, It should be noted that the chief limitation in the use of the
tabular summaries arises from the fluctuations which may occur from time
to time in the degree of attack by various borers at a given locality,
depending upon various conditions which favor or retard the development
of the organisms.

1. Narrative Si™™aries . The narrative summary at a given location,
as given in PART A of this report, conveys the best picture of the general
trend of borer activity for the years reported. Some information given
in the narrative summary cannot be shown in the tabular summary. Thus
the narrative summary may indicate slight chance of attack by certain
borers, while in other cases attack by Teredinidae , Limnoria , or other
borers may be consistently more severe, or less severe. Fluctuations
in attack, over a period of years, also are indicated, as axe the local
variations in attack at different parts of a given harbor, where salinity
or other local conditions vary.
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2. Tabulated Sunmia-rles . The tabulated summaries of PART B do
not convey such detailed information. They are useful, however, in
giving reliable, over-all data in convenient, tabulated form. The data
cover upward of 530 test board locations at approximately l60 different
harbors, mainly on the U. S. Atlantic coast, the Caribbean, and the Texas
coast; some South American harbors (Venezuela and Brazil); the Mediterranean;
the U. S. Pacific coast from Adak, Alaska, to the Canal .Zone; some Pacific
islands, Australia, and New Zealand.

5. Other Comprehensive Narrative Summaries . Further suimnaries

of marine borer research results in many parts of the world will be found
in Harbor Reports on Marine Borer Activity , a publication of the Bureau
of Yards and Docks.

A1.07 Applications of Continuous Eesearch Program

Some practical applications of the marine borer research program
now under way exe summarized below.

1. Test board data have proved to be extremely valuable to
writers of specifications for wharf construction in various Atlantic
and Pacific harbors.

2. These data have been very useful in studying the fouling of
intake tunnels, service pipe lines on government vessels, and ships'
bottoms

.

5. In harbors where hydrographic conditions and associated
organisms are favorable for borers, test board data serve to warn the
builders of marine installations that structural materials must be
selected with great care.

h. Continuous research data have proved to be of inestimable
value in the maintenance of marine structures . Thus a sudden borer
invasion, or the probability of an increase in their destructiveness,
can be quickly determined by studying recent test panels or traps.
Heavy losses may be averted by making thorough inspections of. marine
structures at intervals; test board data should be utilized as warning
signails between such inspections.

5. in a given sti*ucture, the mere presence of marine borers of

some kind does not necessarily prove that the structure is headed for
complete destruction. More significant information is required, that
la, a complete understanding of the true relationship of the borers
present to borers in general. This can only be achieved by identifying
and classifying the borers in the structure under investigation.
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6, In svmnaary, it may "be said that at present there is only one
sure method of determing in advance whether the timher structures in
a given harhor may he attacked hy destructive horers; this method is to
expose test hoards and to examine them monthly with great care. Thus the
test hoard is a kind of radar system, warning us (a) when horer attack
is imminent, or (h) when horer attack is increasing or diminishing. In
addition, it presents a sampling of the fouling organisms present. A
continuous program of study. Involving the use of successive panels of

test hoards, heccm^s a form of insurance against heavy losses in marine
structures.

A1.08 Method of Operating Standard Test Boards

The following description of standard test hoards, and the

succeeding specifications, paragraph AI.09, were furnished hy the W. F.

Clapp Lahoratories

.

1. A standard test hoard consists of a set of nine hlocks or

panels spaced two inches apaxt and holted, screwed, or otherwise secured

to a 2-in. supporting hack strip of wood or to a metal har (Figure 12)

.

The specifications call for the hlocks to he 6 in. sc^uare hy k in.

thick, while those for the panels prescrihe them to he 6 in. hy 12 in.

hy 1 in. thick. These "hoards" are hung vertically in the watet- with
the hottom suspended 2 feet ahove the mud line. They are usually

suspended from some ohject fast in place (such as a wharf or pier),

with a weight fastened, to the hottom to minimize the movement which
may he caused hy tides or currents. The four top panels, which are

"teat panels", are numhered 1, 2, 3, and h. The fifth, or control
panel, is not numhered. Below this in the series are four test panels
numhered 5^ 6, T , and 8.

2. At the end of the first month's exposure of the hoard, the

Ho. 1 test panel and the control panel are removed for suhmission to

the Lahoratory; and a new No. 1 panel and control panel are installed.

At the end of the second month the No. 2 test panel, which has heen

suhmerged two months, and the control panel, which has heen suhmerged
one month, are removed and forwarded to the Lahoratory; and a new Ko. 2

panel and control panel are installed. At the end of each succeeding
month's exposure each successively numhered panel and the corresponding
control panel are removed and new panels Installed in their places,

until the entire eight numhered panels have heen removed and replaced,

whereupon the cycle is repeated, heginnlng with the Ko. 1 panel. ThuS;

at the end of 8 months and at the end of each month thereafter, the

nimihered panel removed will have heen sutmerged eight months and each

control panel for only one month. By this method of removal and

replacement of the test and control panels the test may he carried on

for as long a period as desired. The control panels, yhich have heen
suhmerged for one month each, are of particular value since the
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infomiation derived tram, their examination makes it possilDle to determine
the hreedlng season and the rate of growth of the various marine Taorers

and other organisms which are active.

5. In some places vhere the marine horer attack has "been

unusually destructive it has been found impossihle to leave the panels
suhmerged as long as 8 months, as they are frequently more or less
completely destroyed within this period, of time or less. Increasing the,

thickness of the panels from one to two, and even to four, inches has
been tried. However, it was soon found that this did not increase
their length of life since the thicker the wood used, the greater was
the number of borers in the panels, so that the infestation was just as
severe proportionately in the thicker panels as in the thin ones.
Recourse was then had to using a board holding only k test panels and
the control panel. By using this board, the period of submergence, can
be reduced from eight to four months. In a few locations, however, as
at Mayport, Florida, it was found necessary to reduce the period of
submergence to 3 months in order to have panels to remove that would
not be completely destroyed.

AI.O9 Specifications and Procedure for Construction and Operation of
Standard Test Boajr'ds for Marine Borer Investigation

1. A "Test Board" shall consist of an assembly of nine "test
panels" mounted on a metal support bar as shown on accompanying. sketch.
Figure 12, entitled

STANDARD TEST BOARD
FOR MARIHE BORER

INVIBTIGAnOlSr
W. F. Clapp Laboratories

•SYBE 2

2. The support bar shall preferably be a 1^" x 5-" x 6*-k" long
steel bar, although a steel pipe or any other suitable section will serve
equally veil if a bar is not available. Wood shall not be used for the
support bar.

3. Test panels shall be 6" x 12" x 7/8" or 1" thick S.U.S, of
comparatively light, soft wood, preferably pine, and shall be straight-
grained and free from knots.

»

k. Each panel shall be numbered in a manner which will be
permanent. A metal tag, stamped with the appropriate number or symbol,
and fastened to the panel by means of 2 nails, shall be used* If metal

18



tags are of copper, they shall "be fastened to the panels with copper
nails

.

5. The support "bar shall he suitahly painted to prevent corrosion.
The wood test panels must not he painted nor treated wit±i any other
coating or preserrative

.

6. A suitahle anchor shall he suspended from the lower end of
support har to hold the test hoard in place.

7. Panels shall he arranged on the support haar in numerical
order heginning at the top with panel numher one, except that panel
marked "C" shall he placed hetween panels numher k and 5-

8. Test hoards shall he placed in protected locations where
they will not he suhjected to damage hy vessels, or exposed to theft.

They shall he suhmerged with the lower end approximately 2 feet ahove
the mud line.

9. At the end of the first month after panels are suhmerged, the
set shall he taken from the water and Panel Wo. 1 and the "Control Panel"
marked "C" shall he removed. A new panel marked No. 1 shall he fastened
to the support har in the same position as that occupied hy the original
No. 1 panel, likewise a new control panel mfirked "C" shall take the

place of the control panel "C" which had heen removed.

10. The test hoards shall he kept out of the water the minimum
time practicahle for the removal and replacing of panels, in order that
marine organisms on the panels may not he damaged or killed hy long
exposure to air.

11. The foregoing procedure shall he followed at regular monthly
intervals hy removing and replacing the "C" panel and the numhered panels
in successive order; i.e.. No. 1 at the end of the first month, No. 2
at the end of the second month, etc. The test shall not stop with the
eighth panel, hut shall continue until notice to discontinue is received.

12. Panels removed in accordance with paragraph 9 shall not he
cleaned, hut shall he wi'apped in several thicknesses of heavy paper and
properly packaged for shipment or mailing. In each package a penciled
note shall he included giving location of test and date when panels
were removed.

15. Panels shall he forwarded, prepaid, to:

W. F. Clapp Lahoratories
Dxjxhury, Massachusetts
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lii-. When a test 'boarcL is first installed at axxy given location,
the following infonaation shall he forwarded to the Clapp Lahoratories
and a carhon copy of letter sent to the Office of Kaval Eesearch, and
one to the cognizant Bureau or Agency.

(a) Date when installed.
(h) Depth of water.
(c) Eange of tide.

(d) Statement regarding degree of pollution.
(e) Temperature of water.
(f) Strength of cujrrent if it is known or can readily he

determined.

15. When any changes in ahove data occur, they shall he noted in
suhsequent letters of transmittal accompanying panels sent to lahoratories

.

16. A copy of the letter of transmittal to Clapp Lahoratories shall
he forwarded to the Bureau each time panels are sent to the Lahoratory.
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Section 2

ABSEHTIA, HEWFOUllDLABID — U. S. HAVAL OPERATIHJ BASE

A2.01 Location of Test Station and Test Boajrd

A test "board of the panel type vae Installed on July 1, 19^1-, at
the U. S. Naval Operating Base, Argentla, Hevfotmdland . The results
obtained from this test hoard, the operation of »4ilch Is still helng
continued, have heen sumaarlzed to the end of 19^7* The hoard was

Installed at the south end of the Fleet Dock at Argentla In south-

eastern Nevfoundland.

A2.02 Hydrographlc Data

^e depth of vater tdiere the test hoard vas Installed vas
15. 1^ ft at mean lov vater j the tidal range was 5 ft; the velocity
of the current did not exceed one knot. The temperature of the

vater at the time of Installation vas 52° F. The vater teB5>eratures

for 19^5, i&ich are considered typical of the past 3 years, vere as

follovs:

Jan 56O May 58°

Feh 52° June k^

Mar 31° July 50*^

Apr 3h° Aug 58°

The salinity of the vater vas determined to he: Chlorides, l.^i-

grains per gal; total, 2.8 grains per gal.

The degree of pollution vas determined in two ways. The total
hacterlal colony count (nutrient agar medium) vas found to he l,l60 per
cc. A test on romlnlck Lauter medium was rated "positive for coll-
aerogenes with approximately 1^0 orgsuxtsms per 100 cc in 2k hours at 37°'"

A2.03 Marine Borers

1. Teredlnidae . The only evidence of Teredinldae at this location
vas a minute pit recorded in each of 2 test panels, and even one of these
vas questlonahle.

2. Limnoria . .-Llmnoria occurred vith great regularity hUt'never
in any large numbers. In "the control panels they vere recorded in only
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6 of the hi panels exposed > the greatest number in any one panel "being I5.
Most of these occurred in panels submerged during May and Jxuie of 15^5
and 19^6, and only one occurred in each of 2 panels submerged during
October 19^6 and August 19^7* respectively. Limnoria occurred in every
one of the test panels except the first 2, the attack attaining peaks
(1,500) vith low moderate ratings in paaels removed October 1, 19^5> and
December 1, 19^6, after having been submerged for 8 months. During
practically all of 19'*-7* hovever, the attack only rated a trace.

A2,0k Fouling Agents

1. Silt . Silt occurred as traces to occasionally light deposits
on all but one of the 4l control panels, and as traces to light or
occasionally moderate deposits on all the kl test panels.

2. Algae. Traces of green algae appeared on only 8 of the control
panels, having developed only on those removed from June 1 to October 1

after having been submerged for 8 months.

5. Invertebrate animal phyla .

a. Coelenterata (hydrolds) . Hydroids occurred as traces on
8 of the control panels and as traces to light growths on all but 3 of

the kl test panels. Tubularia was the only form identified.

b. Bryozoa (encrusting ajad filamentous ). Encrusting Bryozoa
were not present on the control panels but developed in small numbers on
12 of the kl test panels. Electra crustulenta and Tegella unicornis were
identified. Filamentous Bryozoa also were lacking on the control panels
but developed more or less abundantly on k of the ^1 test panels. Bugula
flabellata was identified on 2 panels.

c. Arthropoda (crustaceans ). Balemus (barnacles) were absent
on the control panels and occurred on only 2 of the test pemels removed
July 1 in 1945 and 19^6, respectively. The first of these panels had
about 50 specimens ranging from embryonic to 2 mm in diameter, -vdiile the
second had only 5 Juvenile specimens.

d

.

MolluBca (nonboring mollusks ) . A few specimens of
Mytilus (mussels) occurred on a single control panel removed October 1,
i9li.il.. Embryonic or minute specimens were numerous on k test panels
removed from September 1 to December 1, 19^, after having been sub-
merged for 2, 5> k, and 5 months, respectively Four other specimens with
a maximum length of I.5 mm were on the last panel removed December 1, 19^7-
Anomia (.jingle -shells) was absent on the control panels but occurred
sporadically on 8 of the test panels, ranging in number from a few to

numerous and being mostly minute in size.
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e, Chordata (tunicates ). Tunicates were a^bsent on the control

panels and occxirred on only 3 of the test panels. Botryllus schlosseri was

the only form Identified.

A2.05 Siimmary and Conclusions

1. Installation . A test hoard of the panel type, installed at the

U. S.. Naval Operating Base at Argentia, Newfoimdland, on Jiily 1, 19^^ is

still being operated. The results of this test have been summarized to

the end of 19^7.

2. Test_Results

.

a. Borers . Teredinidae were almost nonexistent at this

location, only 2 minute pits having been recorded, one of which was
questionable. Limnoria occurred with great regularity throughout the period
covered by the test except during the first 2 months, but they never
appeared in any large niunbers . Late in 19^5 an<i 19^° the maximum attacks
did not exceed moderate ratings, but the attacks rated only a trace diiring

practically all of 19^7.

b. Fouling Organisms . Silt, green algae, and invertebrate- ani-
mals belonging to 5 phyla contributed to the fouling of the panels.
The latter comprised hydroids, encrusting and filamentous Bryozoa, barnacles,
nonboring mollusks, and tunicates. Silt occurred on all except one of the
test panels. Hydroids also occurred on nearly all the test panels.
Encrusting Bryozoa occvirred at irregular periods on some of the test panels,
and the occurrence of barnacles, nonboring mollusks, and tunicates was
purely sporadic or occasional. The control panels were nearly all free
of marine organisms. In fact, with the exception of hydroids, there was
a very poor development of these organisms even on the test panels, the
reason for which is not apparent.

3. Recent Addenda . There was no Teredinidae attack at this station
in either 19^8 or 19^9. In 1948 the L-lTnnoria attack rated a trace, while
in 19^9 it attained a rating of slight.
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Section 5

BAR EARBCE, MAIRE — U. S. NAVAL SECTION BASE

A5 . 01 Location of Teat Station and Test Board

A test "board of the panel type was installed at the U. S. Naval
Section Base at Bar Earhor, Mt. Desert Island, Maine, on June 12, 19^^^
and operated until September 12, 19^4. No fiirther panels were removed
after the latter date, and the operation of the test hoard was discon-
tinued on October k, 19^)-^, hecause of the termination of naval activi-
ties at this hase. No information was available as to the exact location
of this test hoard (designated by the symbol USNBH-l).

A3 . 02 Hydrographic Data

The depth of water where the test board was Installed was l6 ft;

the tidal range was 10.5 ft; the current velocity was negligible. The
teriperature of the water at the time of installation was ^1-8° F. The
degree of pollution was not determined, but the nearest sewage outlet
was 5^5 ft from the site of the test board.

A5 . 05 Marine Borers

1. Teredinidae . No Teredlnldae were recorded in any panel of
either the control or test series at any time during the '^-man.th period
for which the test board was operated.

2, Llmnorla . Llmnorla were recorded in small numbers on the
control panels removed on July 11 and August 11. Llmnorla were also
found on the single test panels removed in August and September after
they had been submerged for 2 and 5 months, respectively. The attack
never rated more than a trace.

A5

.

Ok Fouling Agents

1. Silt . Silt occurred on both the control and the test panels.
The deposits rated as traces on the control panels and mostly light an
the test panels.

2. Algae . No algae were present.
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3. Invertebrate ani.itial phyla .

a. Coelenterata (hydroids ). Hydrolds occurred as traces on
all the control panels and on the first test panel removed after one

month's submergence. They were recorded as light growths on the test
panels removed in August and September after submergence of 2 and 3
months, respectively. Tubularia was the only form identified.

b. Bryozoa (encrusting). Encinisting Bryozoa did not occur
on any of the 3 control panels nor on the first test panel removed
after submergence of one month. Numerous small colonies of Cal 1 ipora
craticula and Lichenopora verrucaria occurred on the test pajiels removed
in August aaid September after submergence of 2 and 3 months, respectively.

c

.

Annelida (annelid worms ) . A few serpulid worms were
recorded on the test panels removed in September after a submergence of

3 months. No worms were recorded on the control panels.

d. Arthropoda (crustaceans ). Balanus (barnacles) occurred
on all the control panels and on the test panels removed in Jtily and
August after submergence of 2 and 3 months, respectively. Few barnacles
were recorded, and the diameter of the largest of them was only 6 mm.

e. Mollusca (nonboring moHusks ). Mytilus (mussels) were
foimd only on the test panels removed in August and September after
submergence of 2 and 3 months, respectively. The mussels were abundant,
and mostly juvenile, but some on the latter panel had attained lengths
of 10 mm.

f. Chordata (tunicates ). Two colonies of tunicates of the
genus Molgula were recorded on the test panel removed in September after
submergence of 3 months.

A3 .05 Surnmary and Conclusion

1. Installation . A test board of the pajiel type was operated
at the U. S. Naval Section Base at Bar Heirbor, Mt. Desert Isle, Maine,
from June 12, 19^^, until its discontiniiance September 12, 1944.

2. Test Results .

a. Borers . During this brief period there was no evidence
of Teredinidae and only traces of Limnoria.
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"b. Fouling Organlsmfl . Silt and invertebrate am' mala "belong-

ing to 6 phyla conti'lbuted to the foiiling of the panels. The latter com-

jfl?ised hydroids, encrusting Bryozoa, annelid worms, barnacles, m.ussels,

and tunicates. Of these organisms, the hydroids occvtrred most frequently.

The 5-month period the test board was in operation was entirely
too short for conclusive results. However, the general trend at this
location is clearly indicated.
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Section k

SOUTHWEST HARBOE, MAINE --.U. S. COAST GUARD DEPOT.

All-. 01 Location of Test Station ajid Teat Board

A test "boeLrd of the panel tj^e was installed December 2, 19hh,

at the U. S. Coast Guard Depot at Southwest Harbor, Mt. Desert Isle,

^fe-ine. The Depot is located on the southern end of Clark Point on the

northern side of the harhor. The test "board, designated as USNSM-l,
was installed under the northwest comer of a dock q.uite close to un-

treated wood piling. The operation of this test board continues, and
results of the test have been summarized to the end of 19k-'J,

Al»-.02 Hydrofiraphic Data

The depth of water at the location where the test board was in-

stalled was ik ft; the tidal range was 10.5 ftj the velocity of the
current was negligible. The temperature of the water at the time of

installation was i)-2° F. The water was reported to be clear, with
negligible pollution.

All-. 03 Marine Borers

1. Teredinidae . Teredinidae were not recorded in any of the
panels during the 5-year period covered by the test.

2. Llmnoria . Limnoria were active throughout most of the test
period but were never particularly destructive. Limnoria occurred in-

small numbers on 17 of the 58 control panels but were confined to those
submerged during the warmer months from April through August, October,
and September of 19^5 > 19^6, and 19'<-7^ respectively. From these data
it would appear that Limnoria cease migration at this location during
the winter season. Limnoria were present on 55 of the 58 test panels,
occurring in all submerged after April 10, 19^5. -^H except k of
these latter panels had been submerged 8 months. The attack rated
.ifi-am a trace to slight throughout the 5-year period covered by the test
except once in 19^6, when a peak rating of moderate was attained.

AU.Olf Fouling -Agents

1. Silt . Silt occtirred on all the panels. The deposits ranged
from traces to slight -or occasionally moderate on the control panels,
and from traces to moderate or rarely heavy on the test panels..
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2. Algae . Green algae occurred sporadically. A trace was

recorded on only one of the 56 control panels, and growths ranging from
traces to light were recorded on 8 of 36 test panels.

5. Invertebrate animal phyla .

a. Coelenterata (hydroids ). Hydroids occvirred as traces on

16 of the 56 control panels, and as traces to light or rarely moderate
growths on 30 of 36 test panels. Tubularla was the only form identified.

b. Arthropoda (crustaceans ). Balanus ('bamacles) occurred
more or less abundantly on 10 of the 36 control panels; their development

on these panels was limited to the warmer months. One panel was kCf/i

covered. The maximum diameter of the bamacles recorded was 3 nm. They
occurred in greater abundance on 27 of the 36 test panels. The maximum
diameter recorded on test panels submerged for 8 months was 17 mm. Of

these panels, 15 were from 50^ to 1005^ covered. Araphipods (mostly
Corophium) occurred on k consecutive test panels removed at montlily

intervals from October 2, 19^5^ to February it-, 19^6, after having been
submerged for 8 months. The largest number of Corophium recorded on one

panel was 100.

c. Mollusca (nonborin^ mollusks ). Miscellaneous mollusks
occurred sporadically on occasional panels. Mytilus (mussels) occurred
on il- of the test panels, the maximum number on any panel being 15, and
the maximum length recorded being 8 mm. A single specimen of Anemia
(jingle-shells), it- mm in diameter, was recorded on the last one of the
test panels. A few specimens of Saxicava were recorded on 2 of the test
panels and on one control panel, the maximum number on any panel being 8.

Alt-. 05 ' SuTmrwry and Conclusions

1. Installation . A test board of the panel type installed at the
U. S. Coast Guard Depot at Southwest Harbor, Mt. Desert Isle, Maine, on
December 2, 19Wt-, is still being operated. The results of the test have
been summarized to the end of 19i<-7.

2. Test Results .

a. Borers . Wo evidence of Teredinidae was recorded at this
location. Limnoria occurred with considerable regularity on the control
panels exposed during the warmer months of each year, but only in small
numbers. Limnoria occurred on all the test panels submerged after April
10, 19k0, but the attack rated only from a trace to slight throughout
the ^-jear period covered by the test except once in 19^6, when a peak
rating of moderate was attained.
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t. Fouling OrgaQlams . Silt;, green algae, aad inverteteate

animals belonging to 5 phyla contrl'buteGL to the fouling of the panels.

The invertebrates comprised hydroids, barnacles and amphipods, and non-

boring njollusks, which included mussels, Jingle- shells, and Saxicava .

The hydroids and 'bamacles occurred most freq.uently and consistently,
whereas the occurrence of the other invertelsrates was sporadic.

3. Recent Addenda . There was no evidence of Teredlnidae at this
station in either 19^ or 19^9. The Iiimnoria attack rated medium heavy-
in hoth years.
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Section 5

POETLABD, MAISE — U. S. NAVAL STATION

A5.OI Location of Test Station and Test Board

A test "board of the panel type vas installed on June 2, 19^> at

what vas then the U. S. Naval Frontier Base hut later the U. S, Naval

Station at Portland, Maine. This hoard was operated at the Naval SiQjply

Pier In Casco Bey until July 19^6, vhen the hoard was lost. A new test

hoard was Installed Septeaiber 26, 19k6, In the center of Pier No. 1

at South Portland, approximately I5 ft from the outhoard end. The new
hoard was relocated hecause of a change In a sewer at kOk Commercial

Street. The operation of this hoard was discontinued after March 2?, 19^7>
hecause of the dlsestahllshment of this U. S. Naval Station and the lose

of the hoard

A5.O2 Hydrographlc Data

The first huard Installed June 2, 19*«-^, was placed In water 1^ ft

deep where the liidal range was from 8 to 11 ft and "ttie currejit negllglhle.

The teng)erature of \he water at the time of Installation was 5^° F. The

water was suhjectto pollution from a sewer outlet approximately 5OO ft

from the installation. The sewage was reported to enter the tide water

approximately 100 ft from the installation.

The second hoai^d was installed September 26, 19^6, and was placed

in water 30 ft deep at mean low water idiere the current was negllglhle.

The range of tide at this point was 8 to 11 ft, the normal raiage heing

8.9 ft. The temperature of the water at the time of installation was
59*^ F. The water was suhject to pollution from a sewer outlet approxi-

mately 700 ft from the installation.

A5 . 05 Marine Borers

1. Ter6dinidae . There was no evidence of Teredinldae during the

approximately 3^-™onth period over which this test was conducted.

2. Limnorla . Llmnorla were active throughout this period, and

occurred in vsiriahle nuaibers in the control panels almost every month

each year except during the winter months. In the pemels suhmerged

hetween December k, 19kh and April 10, 19^5, and hetween Octoher 2, 19l»-5

and Meurch 6, 19'«-6, Limnorla were con^letely lacking. During the third

winter season a total of only 20 Llnmorla was recorded on the control panels
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submerged "between September 26, 19k6 and March 27, 19^7, when -Qie test
was discontinued; there was only one Limnorla during Decemiber 19i«-6 and none
during January and February 19^7- It thus appears that at this location the
migration of Limnoria ceases, or practically ceases, during the winter sea-
son.

Limnorla occurred on eTer7' one of t.^ > 50 test panels. From the
time the first hoard was installed there i is, in general, a gradual in-
crease in the population imtil a peak rating of medixun heavy was attedned
in the panels removed ahout the first of December and January, after
having heen suhmerged for 9 months. A peak rating of medium heavy was
attained again in 19^6. At the location where the second board was in-
stalled in September 19^6 there was a gradual increase in the Limnoria
population, hut it did not exceed a trace even in panels submerged up to
6 months.

A5 . Oil- Foiaing Agents

1. Silt . Silt occurred as traces or occasionally as light de-
posits on each of the 50 control panels. It also occurred as traces,
and more frequently as light or sometimes heavy deposits, on each of
the same number of test panels.

2. Invertebrate animal phyla .

a. Coelenterata (hydrolds ) . Hydroids occurred as traces on
ik of the 50 control panels. In general, their development was confined
almost entirely to the late summer, fall, and esirly winter months. They
also occurred as traces, or occasionally as light growths, on all except
k of the 50 test panels. Tuhularia was the only form identified.

b. Bryozoa (encrusting and filamentous) . Encrusting Bryozoa
occurred only sporadicailly and were generally few in nuoiber. Bryozoa were
recorded on a single conixol panel and on 9 of the 50 test panels; they
developed most consistently in test panels removed from November 19^^ to
March 19^7^ after 2 to 6 months* submergence. Tegella unicornis and

Electra were the only forms identified.

c. Annelida (annelid worms ). A few specimens of Seirpula

occurred on a single test panel.

d. ArthroDoda (cryiBtacteans) . Balemus (barnacles) occurred
on only k of the 5<5 control panels. The barnacles occurred intermittently
for some periods on 17 of the 50 test panels and were absent for other
periods between times. They appeared to occur most frequently on panels
that were submerged during the warmer portion of the year. These barnacles
in the control panels were either minute or Juvenile. A maxinmm size of
10 mm was recorded on the test panels submerged for k, 9, and ik months.
Four of the latter panels were from 20^ to 100^ covered. nn-rnpirtiiTn hwi-

phlpode were recorded as occurring sporadically on 5 of the control
parsls and on 2 of the test panels. The majcimum number found on any
panel was 25.
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e. MolluBca (noriborlng molluBke ). A single specimen of
enjbryonlc ^ytllus (massels) vaa recorded on one of the control panels.
MuBselB occurred on 15 of the 50 test panels, the majclmum nuniber on any
one panel "being 50 • Lengths up to 8 and 9 mn were recorded on panels
submerged for 3 and 5 months, respectively, vhlle the maximum length
recorded vas l8 mm on a panel that had Inadvertently "been left sub-

merged for ik months, A few specimens of Anomia (jingle-shells) were
recorded on 6 of the test panels, and a few specimens of Saxicava were

recorded on one other panel.

f. Chordata (tunicates ). Tunicates occurred on h of the 50
control panels and on 15 of the 50 test panels. The greatest number of

colonies recoisied on any panel was 150. Botryllus achlosserl t Molgula ,

and Clona were each identified a number of times.

A5.O5 Simrnw-ry and Conclusions

1. Installation . A test "board of the panel type was operated at
the U. S. Naval Station at Portland, Maine, from June 2, 19^^^ until its

discontinuance on March 27, 19^7* to detennine the identity and prevalence
of marine "borers and fouling organisms at this location.

2. Test EesultB ,

a. Borers . There was no evidence \diatever of the activity of

Teredlnidae during the nearly 5-year period covered "by this test. Limnoria ,

however, were active in the test panels throughout the period of the test,

attaining a peak rating of moderately heavy at the end of 19^5 and again
in 19h6,

"b. Fouling Organisms . Silt and invertebrate animals "belonging

to six phyla contrl"buted to fouling of the panels. The latter conprised

hydroids, encrusting and filamentous Bryozoa, annelid worms, "barnacles

and an?)hipods, mussels emd Jingle-shells, and tunicates. Of these or-

ganisms, hydroids occurred with by far the greatest frequency, "barnacles

and mussels occurred with less frequency, encrusting Bryozoa occurred
with still less frequency, while the occurrence of the other organisms

was purely sporadic or occasional.
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Section 6

POETSMOUTH, NEW HAMPSHIRE -- POETSMOUTH NAVAL SIPYAED

A6.01 Location of the Test Station and Test Board

Two panel-type test beards (USNKH-l and USNNH-2) were installed

at the Portsmouth Naval Shipyard, Portsmouth, New Hampshire, on June

12 and 1^, 19'<-'*, the first on the outboard end of the Topeka Pier
between berths 15 and l6, and the second on the southerly side of

the fitting-out pier at the western end of berth 11 It was later
reported that the second board had been pulled up and found floating
away. It was rehung on the Inboard end of berth 11 early in August
19kk. Results from these test boards, still in operation, have been
summarized through 19^7.

A6 . 02 Hydrographic Data

1. Test Board No. 1 . The water depth at this installation
was 25 ft; the average tidal range was 8 ft; the velocity of the

current was estimated at 2 knots. The maximum summer water temperature
was reported 70° F to 72° F, and the minimum winter tejnperature
26° F to 27° F. The water salinity appeared to be practically that

of the ocean, and the degree of pullution was reported to be slight,

if any.

2. Test Board No. 2 . Here the water depth was 20 ft; the

average tidal rsmge, 8 ft; the estimated current velocity, 5 knots.
Teii5)erature, salinity, and pollution data are as given for Test
Board No. 1.

A6.05 Marine Borers

1. Teredlnidae . No evidence of Teredinidae was recorded in
the control panels at either location and only slight attacks in the
test panels. Teredo navalis was the only form identified. At
location No. 1, no borers were recorded in 19'*^ and 19^5; "the attack
rated but a trace in 19^6 and flight in 19^7. The maximum length
of specimens was 58 mm. At location No. 2, no Teredinidae were
recorded in 19'+^; the attack rated a trace in 19'<-5 and slight
in 19^6 and 19^7. The maximum length attained by specimens was k^ ram.

There was no evidence of breeding before May 1.

2. Llmnorla . Llmnoria were present in small numbers in the
control panels at both locations but occurred only in those panels
exposed during the months from March through October. In the test
panels, Llmnorla were present practically throughout the period
covered by the test at each location, the attacks mostly rating
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from traces to slight, "but atalnlng a maximum rating of moderate at

location No. 1 late in 19I+5 and at location No. 2 in 191^6.

A6.0U Fouling Agents

1. Silt . Silt, ranging from traces to light, occurred on

all the control panels. Silt, ranging from light to moderate, occurred

on the test panels at hoth locations except on one each of the control

and test series at location No. 1.

2. Algae . Traces of algae, mostly green, occurred on one test

panel at location No. 1 and on two each of the control and test panels

at location No. 2.

5. Invertehrate ajiimal phyla .

a. Coelenterata (hydroids) . Hydroids occurred on most

of the control panels and on all test panels except one at hoth

locations. The control panels showed traces; the growth on the

test panels ranged from traces to light or rajrely moderate. The

majority of hydroids was Tuhularia, hut Metridium also occurred on

a few test panels.

h. Bryozoa (encrixsting and filaaentous) . Encrusting

Bryozoa were lacking from the control panels- at "both locations hut

occurred on 28 of the 56 location No. 1 test panels and on 25 of the

36 at location No. 2. Bryozoa found were Tegella unicornis , hut

Electra cruatulenta , Electra ap ., Callipora craticula , and Crihilina

pinctala also were identified. Filamentous Bryozoa were ahaent from

the control panels at hoth locations hut occurred more or leas

ahundantly on 8 of the teat panels at location No. 1 and on 6 of

the panels at location No. 2. Bu^ula flahellata and Bugula sp.

occurred most frequently.

c. Annelida (marine worms) . Traces of aerpulid (Serpula)

worms appeared on 5 test panels at location No. 1 and on one test

panel at location No. 2.

d. Arthropoda (crustaceans) . Balanua (hamacles), ranging

from anhryonic to jurenile, occurred on k of the control panels at

location No. 1 and on h of the control panels at location No. 2,

developing on the panels exposed during the months from April through

September. Tliey occurred more or leas ahundantly on 25 of the test

panels at location No. 1 and on 26 of the panels at location No. 2,

with a maximum diameter of I5 ram. after 8 months' submergence.

Several of these panels were from 20^ to 60^ covered after 8 to 10

months' suhmergencs. Amphipods (mostly Corophium ) appeai'ed on one

test panel at location No. 1 and on 5 test panels at location No. 2,

the greatest numher on any panel being 200 Corophium . A ti-ace of

isopoda was recorded on a single test panel at location No. 1.
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e. MolluBca (nonborlng mollusks ). Miscellaneous mollusks

occurred more or less frequently on the panels at "both locations. MytHus

(missels) occurred on ih of 56 control panels and on 55 of the 56 test

panels at location No. 1, and on ik of the 56 control panels and 33 of the

56 test panels at location No. 2. The maximum length recorded on a

control panel suhmerged for one month was 22 mm, while that recorded on

a test panel was 65 mm on one submerged for 8 months, Anomia ( Jingle-

shells) occurred rather abundantly on 2 of the 36 control panels and on

17 of the 36 test panels at location No. 1, and on 17 of the 36 panels

at location No. 2. The largest number recorded on any one panel was 60j

the maximum diameter attained was 9 nm. Mya (clams) occurred as a trace

on a single test panel at location No. 1, the specimens being Juvenile,

Saxicava occurred as a trace on a single test panel at each location.

f

.

Chordata (tunicates ), Tunicates occurred more or less

abundantly on 3 of the 36 control panels and on 26 of the 36 test panels

at the location No, 1, and on 2 of the 36 control panels and 2lt- of the

36 test panels at location No. 2. Most of these tunicates were

Botryllus schlosseri and Molgu-]^ sp .

A6.05 Summary and Conclusions

1. Installation. Two test boards of the panel type were in-

stalled at different locations at the Portsmouth Naval Shipyard,

Portsmouth, New Hfunpshire, on June 12 and Ik, 19kh, and are still being

operated. The results of these tests have been summarized to the eiid

of 19l^7.

2. Test Besuits .

a. Borers . At location No. 1, no Teredinidae were recorded

in 19kk and 19*^5, and the attack rated only a trace in 19k6 and slight

in 19i»-7. At location No. 2, no Teredinidae were recorded in 19kh, and

the attack rated only a trace in 19^5 and slight in 191*6 and 19^^.

Limnoria were present at both locations practically throughout

the entire test period, the attacks in general rating from traces to

slight, but attaining a maximum of moderate at location No. 1 late in
19I4.5 and at location No. 2 late in 19^^.

b. Fouling Organisms . Silt, algae, and Invertebrate

animals belonginig to o phyla contributed to fouling of the panels. The

latter included hydroids, encrusting and filamentous Bjryozoa, marine

worms, barnacles, ajitphipods and isopods, and nonboring mollusks, which

included mussels, jingle-^helis, clams and Saxicava , and tunicates.

Bydroids occurred the most frequently and consistently; encrusting
Bryozoa, barnacles, and tunicates occurred somewhat less often, and

mussels and Jingle-shells still less often. The occurrence of the other

forms mentioned was merely sporadic.
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5. Recent Addenda . There were no Teredlnldae a^ Qithei

location in I9U8. In 19h9, no TeredinidaS vere found at location

Wo. 1, iDUt a trace was recorded at location No. 2. The Mimnoria

attack &t location Ko. 1 was moderate in 19^8, and rated. a trace

in 19^4-9. Location Ko. 2 showed a trace of Limnoria in 19i^8 and a

slight attack in 19^9.

57



Section 7

BOSTON, MASSACBHSETTS — BOSTOff NAVAL SHIPYAKD

A7.01 Location of the Teat Stations aiid Test Boards

Four test 'boards of the panel type were installed at different
locations at the Boston Naval Shipyard at Boston, Massachusetts. The
first, designated "by the symbol USNB-l, vas installed at Pier 9 at the
Navy Yard on June 15, 19^. The second, designated "by the symbol USHB-2,
was installed at Pier No, 7 at the U. S. Naval Drydocks at the South
Boston Annex on June ik, l^hk. The third, designated "by the synibol

USNB-3, was installed at the Lockwood Basin in East Boston on June l6,

IShk. Because of severe previous attacks "by Limnorla in test hoards
maintained at the adjacent U. S, Army Base In South Boston, especially
at the outer (eastern) end, an additional test "board designated as
USKB-lj- was installed at the East Jetty, at a moire easterly locaticm than
Pier No. 7 at the U. S. Naval Drydocks, on May 29, 19k6. All test "boards

were hung inside the piers for protection against damage, and all loca-
tions were in the vicinity of untreated wood piles. On January l6, 19h6,
it was reported that the test "board at the Lockwood Basin had, "broken

away and, as It was not recovered, a new one was installed on I&rch 1.

The results from these test "boards, the operation of which is still
"being continued, have heen summarized to the end of 19^1-7.

A7.02 Bydrographic Data

1. Test Board No. 1 . The depth of water where this test "board

was Installed was 20 ft from mean low water to the mud line, so that
panel C was 15 ft "below mean low water. The range of tide was given
as 10 ft and the strength of ciu-rent as tidal (1^8o ft per hr at half el3"b

tide sxirface flow). The monthly records of teiig)eratures and salinities
of the water for the diiration of the test are given in tahles following
this, section. In regard to pollution, it was stated tliat there was a
slight 'film of oil on the surface and waste from "berthed naval vessels
at this and adjacent piers. On March 15, 19h6, it was reported:
"Escort carrier "berthed on east side; crew of 550 men; sanitary over-
"board; gar"bage on shore; heavy slick of oil "between piers."

2. Test Board No. 2 . The depth of water where this test "board
was installed was 18. 5 ft from mean low water to the mud line, so that
panel G was 15.5 ft below mean low water. The tidal range was given as
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10 ft, and. the strength of current as tidal {8hQ ft per hr at half ehh

tide surface flow). The monthly records of temperatures and salinities

are given in the tahles which follow. In regard to pollution, it was

stated that there was very little surface oil; that there was waste from

"berthed naval vessels at this ajad adjacent piers; that the pier at which

this test hoard was installed was ahout 500 ft (east) from the loading

pier for deep-sea fishing hoats. On March 15, 19^6, the following con-

ditions were reported: "Mayflower with crew of 10i^ men herthed on west
side of pier; sanitary from Mayflower goes overheard; garhage on shore;

oil slick on surface confined more or less hy vessels herthed on either

side."

5. Test Board No. 3 , The depth of water where this test hoard
was installed was 15 ft from mean low water to the mud line, so that

panel C was 10 ft helow mean low water. The range of tide was given as

10 ft, and the strength of current as tidal hut, hecause of permanent

and semipermanent herthing of various types of vessels, it was not

possihle to give the rate of flow under such changeahle conditions. The

mcaathly records of temperatures and salinities are presented in the

tahles which follow. Regarding pollution, it was stated that there was

very little surface oil, and that there was waste from herthed naval
vessels at this and adjacent piers. On March 15, 19^6, it was reported:

"Small craft tied up here, off and on; sanitary and garhage ashore; oil
slick at site of test hoard, slight amount inhoard."

k. Test Board Ho. k . The depth of water at which this test hoard
was installed was 20 ft from mean low water to the mud line, so that

panel C was ik ft helow mean low water. The range of tide was given as

10 ft and the strength of current as tidal (approximately 1000 ft per
hour). However, hecause of the nature of herthing of vessels, as at the

other locations of test hoards, it was impossihle to ohtain more than an
approximation of the current strength. The monthly records of tempera-
tures and salinities are presented in the following tahles. Sources of

pollution at this site were given as the sanitary disposal overhoard from
the crews of USS Falcon, "n) Ko. 6l, 75, and other nearhy herthing areas.

It also was reported that there was an oil slick on the surface, and
that newly driven fender piles were coated with oil.

5. Water Temperature . The following record of the temperature of
the water in degrees F, hased on readings made ahout the middle of each
month and taken at panel C on each test hoard, shows the range at each
location.
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6. Water Salinity . The follcjwlng record of the salinity of the

vater, 'based on determinations made about the middle of each month and

taken at panel C on each test "board, shows the range at each location.



Date

Havy Yard,
BoBton

Chlorine as CI

Naval Drjioclss,
South Boston

Chlorine as Cl

Lockwood Basin, '

East Boston

Chlorine as Cl

East Jetty at
Ifaral Dry-
docks, South
Boston

Chlorine as
Cl

Grains per gal Grains per gal Grains per gal Grains per
gal

19^6

Septeniber

Octo'ber

November
December

19^7

January
February
Ifexch

April
May
Jtme
July
August
September
Octo'ber

November
December

1948

January
Fehruary

952
980

1,000
1,001

990
980
951^

878
915
951
982

1,012

993
1,022

91^0

992

1,003
1,015

92k
981
982
986

989
975
892
924
925
827
986
,980

983
1,008
931
962

1,000
1,023

937
977
982
987

l,Oll|-

980
918
852
968
952
986
99^
973

1,010
933
980

996
1,006

971
98i^

1,008

997

1,023
986
951
968
910
891

997
1,000
1,000
1,015
969
973

1,020
1,036

l^2



A7 . 05 Marine Borers

1. Teredlnldae . No evidence of Teredlnidae was recorded cm any

of the panels of the test "boards at any of the four locatictns.

2. Llmapria . Llmnorla vere q.uite active at all four locations,

hut in the control panels their occurrence was virtually limited to the

months from the middle of Fehruary or March to the middle of November

or December, with the greatest period of activity largely occurring from

the middle of March to the middle of August. It is interesting to note

that at all locations the maximum nuitiber of Llmnoria tunnels occurred in

those control panels which were submerged from the middle of March to

the middle of April. The number of tunnels recorded in these particular

panels was 1,200 at the Navy Yard in 19k6} 880 and 990 in 19^ and 19l»-7,

respectively, at Pier No. 7 at the Naval Drydocks; 660 at the Lockffood

Basin in 19k6} and 105 at the East Jetty of the Naval Drydocks in 19^.

In the test panels, Llmnorla occurred more or less abundantly at

all locations throughout the period covered by the tests except in the

first and third panels submerged at the Navy Yard, and in the first It-

panels submerged at Pier No. 7 at the Naval Drydocks. As in the control

panels, occurrence of the peaks of high activity coincided closely at

all locations, nearly all occurring from the middle of August or Septenibei

to the middle of December, after submergence for 8 months. The peaks of

attack during the latter part of tie year rated as follows: At the Navy
Yard, heavy in 19h-^, 19^, and 19h'J} at Pier No. 7 at the Naval Drydocks,
heavy in 19^5, medium heavy in 191^6, and heavy in 19^7; a-t the Lockwood
Basin, heavy in 19li-5, and medium heavy in 1946 and 194*7 j and at the East
Jetty at the Naval Drydocks, medium heavy in 19if7. Figures 1 and 2 are

good examples of test panels which have been subjected to heavy attack
by Llmnorla .

A7.0i<- Fouling Agents

1. Silt . Silt occurred on all the panels at all locations except

on one at the Navy Yard and one at Pier No. 7 at the Naval Drydocks. The
deposits mostly ranged from traces to light on the control panels, and
from traces to moderate on the test panels.

2. Algae . A trace of green algae was recorded on only a single

control panel at the Navy Yard and on one at the Lockwood Basin.

5. Invertebrate animal phyla .

a. Porlfera (sponges ). One specimen of a sponge was recorded
on a single test laajiel at Pier No. 7 at the Naval Drydocks.
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"b. Coelenterata (bydroids ). Hydro!ds occurred witit great
frequency on the test "boards at all four locations. At the WaT^f Yard
they occurred on 2k of the k3 control panels^ and on all except one of
k^ test panels. At Pier Ho. 7 at the Efaval Drydock, they occurred on 51
of the k3 control panels and on all k3 of the test panels. At the Lock-
wood Basin^ they occurred on 22 of the kl control panels eoid. cai all except
2 of the sajn© number of test panels. At the East Jetty at the Haval Dry-
docks, there were hydroids on 15 of the 20 control panels and on all 20
of the test panels. The growths generally ranged from traces to light on
the panels of the control series and from traces to moderate on panels of
the test series. Tuhularia occurred with great frequency.

c. Bryozoa (encrusting and filamentous ). A single colony of
Electra crustulenta was recorded on each of 2 of the control panels at
Pier No. 7 at the Waval Drydocks. Filamentous Bryozoa were recorded en
2 control panels at the Lockwood Basin, and on a single control panel
and 5 of the test panels at the East Jetty at the Bfaval Drydocks. They
ranged in numbers from traces to several colonies.

d. Arthropoda (crustaceans ). Balanus ("barnacles) occrcrred with
great frequency on the panels of the test "boards at all four locations. At
the Navy Yard, they occurred en 8 of the k^ control panels and on 56' of
the k3 test panels. At Pier No. 7 of. the Naval Drydocks, they occurred en
15 of the k3 control panels and on 55 of the same nuniber of test panels.
At the Lockwood Basin, they occurred on 1^*- of the 4l control panels w.nfl

on 56 of the kl test panels. At the East Jetty at the Naval Drydocks, they
occurred on 9 of the 20 control panels and on 17 of the same number of test
panels. The "baamacles occurred most ahundantly at the Lockwood Basin,
where 15 of the panels were from 50?^ to 100^ covered, and at the East Jetty
at the Naval Drydocks, where 10 of the test panels were from 50^ to 100?^

covered, after 8 months* su'bmergence. Maximum diameters of 7, 7, 10, and
7 mm were recorded on the control panels, and of ik, 12, 11, and 15 mm,
respectively, on the test panels at the Navy Yard, Pier No. 7 at the Naval
Drydocks, Lockwood Basin, and East Jetty at the Naval Drydocks. Anrphipods
(nearly all Corophium) occurred sporadically on the panels of the test
boards at all four locations. At the Navy Yard, they occurred on 7 control
panels and on 11 test panels. At Pier No. 7 at the Naval Drydocks, they
occurred on h control panels and on 15 test panels. At the Lockwood Basin,
they occurred on a single control panel and on l**- of the test panels. At
the East Jetty at the Naval Drydocks, they occurred on a single control
panel and on 2 test panels.

e. Mollusca (non"boring mollusks ). %tilus (mussels) occurred
more or less a'bundantly on the panels of the test "boards at all four loca-
tions. At the Navy Y^d, they occurred on a single control panel and on
8 test panels. At Pier No. 7 at the Naval Drydocks, there were mussels on
10 of the test panels. At the Lockwood Basin, they occurred on 5 control
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panels and Cfn 28 test panels. At the East Jetty at the Naval Drydocks,

moBsels occurred on 8 control panels and on l6 test panels. On the

control panels, maximum lengths of 9, 25, and 35 nm were recorded at

the Uavy Yard, Lockwood Basin, and East Jetty at the Naval Drydocks,

respectively. On the test panels, maximum lengths of 25, 20, l*-7, and

68 mm were recorded at the Navy Yard, Pier No. 7 at the Naval Itrydocks,

Lockwood Basin, and East Jetty at the Naval Drydocks, respectively.
Traces of other mollusks were recorded on occasional test panels, as

follows: Qnchidoris "bilamellata occunred on one panel at "both the Lock-
wood Basin and the East Jetty at the Naval Drydocks; Sajcicava occxxrred

on one at Pier No. 7 aj^ on one at the East Jetty at the Naval Drydocks.

f . Chordata (tunicates ). Tunicates occurred in considerable
abimdance on the panels of the test "boards at all four locations. At
the Navy Yard, tunicates appeared on 7 of the k3 control panels and on

55 of the same number of test panels. At Pier No. 7 at Naval Drydocks,
they occurred on 11 of the it-5 control panels and on all hut one of the
k3 test panels. At the Lockwood Basin, they occurred on 9 of the Itl

control panels and on 28 of the kl test panels. At the East Jetty at
the Naval Drydocks, there were tunicates on k of the 20 control panels
and on 15 of the same number of test panels. Test panels were from 50^
to 80^ covered in seven cases at Pier No. 7 at the Naval Drydocks, and.

In four cases at the Lockwood Basin. Botryllus schlosseri and Molgula
occuired commonly at all four locations. Ciona was recorded only at
the Navy Yard.

A7.05 Siimnw.ry and Conclusions

1. Installation . Four test hoards of the panel type installed
at different locations at the Boston Naval Shipyard, including points
at Boston, East Boston, and South Boston (three on June 15, 1^ and l6,
19Ml-, respectively, and one on May 29, X9'^6), are still heijag operated.
The results of these tests have "been suTtrniarized to the end of 19^7.

2. Test BesultB .

a. Borers . No evidence of Teredinidae was recorded on any
of the panels of the test hoards at any of the four locations. Limnoria
were quite active at all four locations, hut their occurrence on the
control panels was virtually limited to the months from the middle of

Fehruary or March to the middle of November or December, with the maxi-
mum number of tunnels occurring in the panels submerged from the middle

of March to the middle of April. In the test panels, the peaks of high
p.ctivlty also coincided closely at" all locations, with almost all attacks
occuarring from the middle of August or September to the middle of
-December on panels which had heen submerged for 8 months. The maximum
attacks rated heavy at the Navy Yard, Pier No. 7 at the Naval Drydocks,
and at the Lockwood Basin; and, contrary to expectations, only medium
heavy at the East Jetty at the Naval Drydocks.
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Tj. PodUrtgr OrfflmlBmn . Silt, green algae, and inverteljrate

animals belonging to o phyla ocmtri"buted to fouling of the panels. The
latter compriaed sponges, hydroido, encrusting and filamentous Bryozoa,

'barnacles said aitQ>hipods, miscellaneous nonboring moll^^sks, and tunicates.

The hydroids, hamacles, and tunicates occurred vith considerahle fre-

quency at all four locations and were the most in^jortant fouling organ-

isms. Mussels also occurred quite frequently at all four locations. The

occurrence of the other invertetoate animals was purely sporadic or

occasional. Green algae occurred on only one test panel at each of two
locatitms.

5, Becent Addencia . In 19^13 and 19^9 there was no evidence of
Teredinidae at any of the four locations at this station. The Linmoria
attack was medium heavy at the first two locations each year, sllgjit

at location Ko. J>, and moderate at location Uo. I4- "both years.
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Section 8

NEW L0KD6n, COKKECTICUT -- U. S. NAVAL STIBMAEIKE BASE

A8.01 Location of the Test Station and Test Board

A test "board of the panel type was- installed at the U. S. Naval
Suhmaxine Base at New London, Connecticut, on June 10, 19^k, in the

Thames River north of the Base proper and adjacent to the l800-ton
wooden floating drydock. The results frcan this test hoard, the operation
of which is still heing continued, have heen summarized to the end of

19^7. In November 19h^, after 15 panels had heen sent in to the laboratory,
the test hoard was lost because of dredgixig operations and a new one
was installed; on the latter test board, exposure of the panels was
reduced from 8 to i+ months on account of the severity of the Teredo
attack at this location. This test board was located at the end of Pier
1 at the south end of the Base.

A8.02 Hydrographic Data

The depth of water where the test board originally was installed
was given as kO ft, but the depth of water where the replacement board
was installed on November 20, 19^5, was given as 55 ft. The tidal range
was 5 f't; the strength of the current was reported to be weak, irregular,
and unpredictable. The mean temperature of the water was given as 60° F
and the salinity (total solids) as 12.70 grams per kilogram. The specific
gravity of the water was given as 1.0105 and the chlorinity (determined
as chloride ion) as 7-^7 grams per kilogram. The river wp,s reported.. to
be moderately polluted with sewage and oil.

A8.O5 Marine Borers

1. Teredinidae . Teredinidae ( Teredo navalis ) occurred sporadically
each year on the control panels, the breeding season being limited to

the warmer months from the middle of July to, the middle of October. During
19^^ and 19^5 J "the specimens ranged from embryonic up to U mm in length and
from 500 to 600 per panel. During I9U6 and 19^7, only one to I5 minute pits
per panel were recorded. Teredinidae were recorded in 21- of a total of
kO test panels; 7 of these panels were riddled, some panels in as short
a period as k months. Specimens up to I85 mm in length were recorded in
k months in these riddled panels. Panels were riddled in 19^^, 19^5;
and 19^7 > "the attack rating very heavy in these years but being less severe
in 19h6.
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2. Llmnorla . A small number of Llmnorla occurred in ill- of the
kO control panels "but only in those panels suhmerged "between April I9
and December 19. The numher in any one panel ranged from one to 25.
Limnoria occurred in 28 of the kO test panels. The attack, however, never
rated more than a trace except late in 19^7^ when it rose to slight.

AS.Oif Fouling Agents

1. Silt . Silt occurred on all except 2 of the IfO control panels
and on all except one of the same number of the test panelB. The deposits
ranged from traces to light on the control panels and from traces to
moderate on the test panels, they vere even heavy and oily on one of each
removed Septemher 10, 19^5*

2. Algae . A trace of green algae was recorded on a single panel
each of the control and test series removed on June I9, 19^7? after one
and k months* sulmergence, respectively.

5. Invertebrate animal phyla .

a. Coelenterata (hydroids ). Hydroids occurred on 29 of the
kO control panels and on all except one of the same number of test panels,
the growths ranging from traces to light on the controls and from traces
to moderate on the test panels. The forms identified comprised Tubularia
most freq^uently, and also Pennaria tlare11a .

Id. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa
occurred more or less abundantly on 5 control panels and on 8
test panels. The forms identified included Cryptosula pallaslana
and Schizoporella unicornis . Filamentous Bryozoa occuixed, mostly in
fairly small numbers, on 5 control panels and on k test panels.
Bugula sp. was the only form identified.

c. Arthropoda (crustaceans ) . Balanus ('bamacles) occurred
on 6 control panels, where diameters up to 6 iQm"were recorded, and on
22 test panels, where diameters up to 17 mm were recorded after submergence
for k montlis. One of the control panels weis 25^ covered, and k
consecutive test panels removed at monthly intervals from August I9 to
Novemher I9, 19^6, after having "been su"hmerged for k months, were from
25?o to 50^ covered. Anrphipods (Corophium) occurred on 2 control panels
and on 6 teat panels, the numher on the latter ranging fronl 25 to 25O.

d. Mollusca (nonhoring molluaks ). Miscellaneous mollusks
occurred sporadically on occasional

,

panels . Ten specimens of Anomia
(jingle-shelis) up to 6 mm in diameter occurred on a single test panel
submerged for 5 months. A few specimens of Mytilus (mussels) occurred
on 2 of the test panels, with lengths up to 18 mm recorded after suh-
mergence of k months

.

1*8



e. Chordata (tunlcatea ) . Tunicatea occurred sporadically in
small numters on the panels. Ascidians vera recorded on a single panel
each of the control and test aeries, a total of 50 'being- recorded on the
test panel. Ciona occurred in small numhers on 2 panels each of the
control and teat seriea, a total of 50 "being recorded on one of the latter.
Other tunicatea (mostly Botryllus schlosseri ) occurred on 2 of the
control panels and 6 of the teat panels, the number of colonies
on individual panels ranging from 2 to 20. •

A8.O5 Siimrnary and Conclusions

1. Installation . A test hoard of the panel type installed at the

U. S. Submarine Base at New London, Connecticut, on June 10, 19^^, is
still "being operated. The results of this test have heen summarized to

the end of ISkj

.

2. Test Eeaults .

a. Borers. The attack hy Teredinldae at this location was rated
as very heavy in 19*+^, 19^5^ and 19^7, with panels hecoming riddled in
as "brief a period as h months. The Teredo attack in 19k6 was less
severe. Daring all the years, the "breeding season was limited to the
warmer months from the middle of July to the middle of Octo"ber. Limnoria
were present, mostly in small numbers, for a large part of the time covered
"by the test, "but the attack never rated more than a trace except late
in 19^7 J when the rating rose to slight.

"b. Fouling Organisms . Silt, algae, and inverte"brate animals
"belonging to 5 phyla contri'buted to fouling of the panels. The latter
compriaed hydroids, encrusting and filamentous Bryozoa, barnacles and
amphipods, miscellaneous nonboring mollusks, and tunicates. Hydroids
occurred with considerable frequency and regularity, and barnacles
somewhat leas so, while the occurrence of Idie other organisms was merely
sporadic

.

5. Becerit Addenda . The Teredinidae attack rated very heavy at this
station in both 19i^8 and I9U9. There was a slight attack of Limnoria
both years.
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Section 9

BROOKLYN, HEW YORK — U. S. MVAL MAGAZIHE AT FORT LAFAIETTE

A9.01 Location of the Teat Station and Test Board

A test "board of the panel type was operated at the U. S. Naval
Magazine at Fort Lafayette, Brooklyn, New York, from May Jl, 19l^l^, to
October 2, 19^6. No further panels have "been received since the latter
date, and no reason has "been given for the discontinuance of this test
hoard. The Fort is located on the east side of The Narrows where upper
Hew York Bay connects with the Atlantic Ocean. The test "board was
suspended xinder the dock at the northwest comer of the Fort and was
exposed to the free movement of water under the dock.

A9.02 Hydrographlc Data

The depth of water where the test "board was installed was approxi-
mately 15 ft at low tide and 20 ft at high tide. The lower end of the
"board was a'bout 7 ft from the "bottom. The mean range of tide at Fort
Hamilton was given as U.7 ft and the spring range as 5.6 ft. The standard
current ta^blea give the average velocity of the current ais one knot,
with a spring velocity of 1.2 knots. Local o'baervations have indicated
a maximum speed of e"b"blng tide as U.5 knots and a maximum of rising tide
as 3.5 knots. It was noted, however, that the standard tahles for The
Narrows to the west of the Island indicate a maximum velocity of flood
tide of 2.6 knots, with a maximum e"b"b of 2.7 knots. The temperature of
the water at the time of installation was 62° F. The standard of salinity
of sea water, taken 200 miles east of Hew York Harhor and averaged from
191^ to 19^5* vas 52.5 parts of the salt per 1,000. In The Narrows, in
the vicinity of Fort Lafayette during this same period, salinity varied
from 21.5 to 26.5 parts of salt per 1,000. Three sewers were reported
to empty into The Narrows within a radius of one mile of Fort Lafayette.

A9.O5 Marine Borers

1. Teredlnidae . Ho evidence whatever of Teredinida^ was recorded
during the test.

2. Llmnoria . No evidence of Limnoria was recorded in any of the
control panels, and only from 2 to 20 tunnels were recorded in 5 test
panels removed on August 1, Octoher 1, and Novem'ber 1, 191^5, after having
"been su"bmerged for 8 months. While only the "bfitrest trace of Llmnoria was
recorded during the test, damage "by this crustacean "borer led to the
removal of a conalderahie numher of piling at this location in 195^, as
evidenced "by a series of photographs on file.
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A9.0U Fouling Agenta .

1. silt . Silt occurred on all control and test panels, the

deposits ranging from traces to moderate; they were often oily.

.2, Invertehrate animal phyla .

a. Coelenterata (hydrolds ). Hydroids occurred on l8 of the 25

control panels and on 27 of the 28 test panels. They ranged from traces

to light or occasionally moderate growths. Tuhularla was the only form

identified.

h . Bryozoa (encrusting ) . A trace of encrusting Bryozoa was

recorded on 2 of the test panels. Cryptosula pallasiana and Electra sp.

were identified.

c. Arthropoda (crustaceans ) . Balanus (hamaclea) occurred on

8 of the 25 control panels and on 22 of the 28 test panels. Five control

panels, and the first of the test panels suhmerged for periods of one month

each during June and July, were from 20^ to 100^ covered, the maximum size

recorded "being 5 mm in diameter. A maximum diameter of 20 mm was recorded

on 5 test panels removed November 2, 19*^^/ and January 1 and February 1,

I9U5, after having "been su'bmerged for 5, 6, and 7 months, respectively.

Barnacles at this location appear to develop in greatest num"bers and make

their most rapid growth during the months of June, July, and August.

Amphipods (Corophlum ) occurred more or leas ahundantly on 2 of the test

panels removed Decem'ber 1, ISkk, and January 1, 19^5, after having been

su'bmerged for 5 and 6 months, respectively,

d. Molluaca (non'boring mollusks ). Mytllus (mussels) were more

or less' a'bundant on 2 control panels, where a maTlmum length of 8 mm waa

recorded, and on 8 test panels, where a maximum length of 50 ^"1 ^^^

recorded on one removed January 1, 19l|-5, after having "been su'bmerged for

6 months. Two apeclmena of Saxicava were recorded on a single one of the

test panels.

e'. Chordata (tunicates). Tunicates occurred on only the first

2 control panels and on 7 test panels, a maximum of 20 colonies "being

recorded on any panel. Botryllus schlosseri and Molgula sp. were the

only forms identified.

A9.05 8^-'™mnyj and Conclusions

1. Installation . A test "board of the panel type waa operated at

the TJ. S. Naval Magazine at Fort Lafayette, Brooklyn, New York, from May 3I,

2$kk until its discontinuance after Octo"ber 2, 19^6, to determine the

identity and degree of prevalence of marine horers and fouling agents

occurring at this location.
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2. Teat Results .

a. Borers . No evidence whatever of Teredlnldae was recorded
throughout the duration of the test. Only the 'bareat trace of Limnoria
was recorded in 19^5 > although damage "bj this crustacean borer had
led to the removal of a considerable number of piling at this location
in-193l^.

b. Fouling Organismq^. Silt and invertebrate animals belonging
to 5 phyla contributed to fouling of the panels. The invertebrates
comprised hydro!ds, encrusting Bryozoa, barnacles and anrphipods, non-
boring mollusks, and tunicates. Silt occurred regularly on all the
panels, Hydroids also occurred with great regularity and barnacles some-
what less frequently, while the occurrence of the other organisms was
merely sporadic.
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Section 10

BROOKLYN, WEW YORK -- MEW YORK RAyAL SHIPYARD

AlO.Ol Location of the Test Station and Test Board

A test toard of the panel type was Installed July 20, 19^^,

at the New York Naval Shipyard, Naval Base Station, Brooklyn, New York.

This test hoard, designated hy the symbol USHWY-l, was Installed at

the end of Pier D in -Uie East River. The results from this test hoard,

the operation of which is helng continued, have heen summarized

to the end of 19hj

.

A10.02 Hydrographlc Data

The depth of water where this test hoard was installed was
2l|- ft at mean low water; the range of tide was k,2 ft; the current

velocity was zero. The temperature of the water at the time of installation

was 71° F. The degree of pollution is stated to he heavy. The monthly

data on water temperatures and analysis received from the New York

Naval Shipyard are tahulted as follows:

Date

k/23/h6

5/2UA6
6/l9/h6

7/18A6
8/20A6
9/19A6
10/22A6
II/22/U6
12/l9/h6
l/2l/lt-7

2/2l/lt7

5/19A7
k/2k/k7

5/22A7
6/27M
l/2k/hl
8/26/U7

9/25/>7
10/25/>7
II/20/U7

12/29/k'J

Tempera-
ture,

degrees F

51
55
59
Ik
72
76
62

55
kk

52
56
58
h3

56
65
72

75
72
66
1^5

31

Specific
gravity

1.0178
1.0159
1.0151
1.0159
1.0156
1.0160
1.0176
1.0189
1.0185
1.0187
1.0181
1.0155
•1.0160

1.0160
1.011^5

1.015!^

l.OllfJ

I.OI7U
1.0180
1.0185
1.0187

Salinity as
sodium chlor-
ide: percent

2.10
1.5^^

1.77
2.25
1.99
2.22
2.20
2.22
2.12
2.2U
2.07
1.60
1.96
1.87
1.85
2.OU
2.OI+

2.50
2.27
2.10
2.01

Position sample taken:

Depth helow
mean low water

17 ft in.

17 ft in.

17 ft
?

?

?

1

17 ft
1

17 ft
i
i

7

?

?

?

?

17 ft
?

?

?

in.

in.

in.

in.
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A10.03 Marine Borers

1. Teredlnldae . No evidence of Teredlnldae was recorded on
any panel in either the control or test series at this location.

2. Llmnoria . The only evidence of Limnoria consisted of 5
tunnels recorded on a single test panel removed Octoher 3, IP^+S^

after having heen submerged for 8 months. Thus the Limnoria attack at
this location rated the barest trace.

AlO.OU Fouling Agenta

1. Silt . Silt occurred on every one of the series of kl
control and test panels (one of the latter not received) . In "both

types of panels the deposits ranged from traces to moderate, and
vere oily on several panels.

2. Invertebrate animal phyla .

a. Coelenterata (hydroids ). Hydroids occurred as traces
on 6 of hi control panels and as traces to light growths on 21 of
the same number of ' test panels.

b. Arthropoda (crustaceans ). Balanua (barnacles) occurred
on 2 of the kl control panels, and on 22 of the same number of test
panels. The number on any one panel was nearly always small, but a
total of 250 was recorded on one of the test panels. The maximum
diameter attained on the control panels was 6 mm; while that on the
test panels was 10 ram.

AIO.O5 SuTtrmary and Conclusions

1, Installation . A test board of the panel type installed
July 20, 19^1^, at the New York Naval Shipyard, Naval Base Section,
at Brooklyn, New York, is still being operated.- The results of this
test have been summarized to the end of 19^7.

2. Test Results .

a. Borers . No evidence of Teredlnldae was recorded at
this location, and the only evidence of Limnoria consisted of 5
tunnels on a single test panel, so that the attack by the latter
rated only the barest trace.

b. Fouling Organisms . Silt and invertebrate animals
belonging to 2 phyla contributed to fouling of the panels. The
latter comprised hydroids and barnacles, both of which occurred which
equal frequency but lightly. The heavy pollution at this location
appears to be unfavorable for the development of either marine borers
or of great numbers of fouling organisms.
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Section 11

MYOl^lIE, MM JERSEY -- BAYOME AOTJEX, HEW YORK MVAL SHIPYftRD

All.01 Location of the Teat Station and Test Board

A test "board of the panel type was installed Jul^ 20, 19^^^,

at' the Bayonne Annex of the New York Naval Shipyard, at Bayonne,

New Jersey. This test hoard, which was designated hy the symhol

USNNY-2, was installed at the north hulkhead, New Ferry Slip north of

building 102, situated on the western side of upper New York Bay.

The results from this test hoard, the operation of which is heing

continued, have heen summarized to the end of 19^?.

On March 5, I9U5, it was reported that this test hoard had

"broken its mooring and for three days had heen partly covered with

mud at the hottom of' the channel,, hut had heen recovered, washed

off, and rehung without injury. On Novemher 29, 19^9, it was removed

from the water because piles were heing driven in the vicinity, and

was left out for nine days (through December 7). On December 5I,

191^7, it was reported that panel kl and the accompanying control had-

dropped into the water j these were later recovered by grappling,

and these December panels are recorded as having been removed on

January 12, 19it-8.

All. 02 Hydrographic Data

The depth of water where this test board was installed was

51 ft at mean low water; the range of tide was k.^ ft; the current

velocity was given as O.58 ft per second. The temperature of the water

at the time of installation was 71° F. The degree of pollution is stated

to be moderate. The following data on water temperature and analysis

were received from the Niew York Naval Shipyard.
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on 16 of kl control panels, as traces to light or moderate growths

on 5, and heavy on one of the same numher of teat panels.

"b. Bryozoa (encrusting ). Two colonies of Electra

crustulenta occurred on a single test panel.

c. Arthropoda (crustaceans ) Balanus (hamacles) occurred

on 9 of Ul control panels and on 3^ of the same numher of test panels.

Two of the control panels were each 50^ covered, and. 7 of the teat

panels were from 70^ to 100^ covered. The maocimum diameter attained

on the control panels was 8 mm, while that on the .test panels was

19 mm. Amphipods (Corophium ) appeared on only the first of the control

panels, on which they were numerous. A few Corophium appeared on 2

of the teat panels.

d, Choraata (tunlcatea ) . Tunicates occurred on the

first 2 of the control panels and on 11 of the kl test panels,

ranging in num'ber from a few to numerous. Botryllus schloaserl

and Molgula occurred most frequently.

All.05 Sxmnnary and Conclusions

1. Installation . A test "board of the panel type installed

at the Bayonne Annez of the Hew York Naval Shipyard, at Bayonne,

New Jersey, is still heing operated. The results of this test have

heen aummarized to the end of 19^7

•

2. Teat Eesults .

a. Borers. No evidence of Teredinidae was recorded at

this location, and LlTrmoria occurred only as "bare traces on the

test panels during the latter half of 19^+5 and of 19^7*

Id. Fouling Organisms . Silt and invertebrate animals

belonging to h phyla contributed to fouling of the panels. The

invertehrates were comprised of hydroids, encrusting Bryozoa, 'bamaclea

and amphipods, and tunicates. The hydroids and hajmacles occurred

with the greatest fre<iuency, while the occurrence of the other

organisms was merely sporadic.

3. Recent Addenda . Both Teredinidae and Limnori

a

appeared

as traces at this station in 19^8 and 19^9'
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Section 12

CAPE MAY, NEW JERSEY -- U. S. HAVAL AIE STATION

A12.01 Location of the Teat Station and Test Board

A test board of the panel type was operated from August k, I9UU

until May 8, 19h6, at the former U. S. Naval Base, which later became

the U, S. Naval Air Station at Cape May, New Jersey. The ezact location

of the board at this Station was not given. The original board was
washed away in a storm in the fall of I9I+5 and a new board was installed

at the sane place on November 7 of the same year. This teat board
was designated by the symbol USIWJ-l. Its operation was discontinued
in May 19k6, when the Naval Air Station was scheduled to be decommissioned
as of June 1, 1946.

A12.02 Hydrographic Data

The depth of water at the point where the boai'd was installed was
11 ft at mean low water; the ti da], range was h^ ft; the maximum current
was not over 2 knots. The temperature of the water was reported to

range from a minimum of ^0° F in winter to a maximum of 70° F in summer.
The degree of pollution was very light,

A12 . 03 Marine Borers

1. Teredinidae » No Teredinidae were recorded in any of the control
panels, but Teredo navalia was recorded on k test panels removed from
April 21 to July 20, 19^5, after they had been submerged 8, 9, 10, and
11 months, respectively. Hovrever, no Teredo occurred either before or

after this period. These data roughly indicate tlie extent of the breeding

season at this location. The largest number of specimens in the teat
panels was 8, and tlie maximum length recorded was 17O ram in one sub-

merged for 11 months. The attack rated very alight in 19^5 ari<3- none

at all occurred during the early part of 19^6.

2. Limnoria . Limnoria occurred only on the first one of the

control panels, which had been inadvertently left submerged for k months;

only 11 tunnels were recorded on it. On the test panels, 57> 52, 155j
and UOO tunnels, respectively, wer^e recorded for those panels removed
from April 21 to July 20, I9I15, after tliey had been submerged for 8, 9,

10, and 11 montlis, respectively. Only a. single tunnel was recorded for the

last test panel that was removed on May 8, 19^+6, after it had been sub-

merged for 6 months. The occurrence of Limnoria thus coincides almost
exactly with that of Teredo navalis, both being almost limited to a
single brief period. The Limnoria attack at this location rated only a
trace

.
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A12.0lv Toullng Agents

1. Silt . SiJ-t occurred on all the panels of "both the control
and test aeries. The deposits were mostly traces, or sometimes light on
the panels of the control aeries, and light or moderate on the panels
of the test series.

2. Algae . Green algas were recorded on 8 of the 15 control panels
and on all except one of the 15 test panels. On the control panels, the

growth was but a trace or sometimes light, while on the test panels, it

was mostly light to occasionally moderate. The only specimen identified

was Enteromorpha .

5. Invertehrate animal phyla .

a. Coelenterata (hydroids ) . Hydro! ds occurred on 5 of the

15 control panels, and on 8 of the same number of test panels. Their
growth was only a trace, except on 2 of the test panels, where it
rated light and moderate, respectively. Tuhularia was the only form
identified.

b. Bryozoa (encrusting ). A few colonies of encrusting
Bryozoa ( Cryptosula pallasiana ) were recorded on the first one of the
control panels and on 2 of the test panels.

c. Annelida (annelid worms ). A trace of serpulid (Serpula )

tubes occurred on a single test panel.

d. Arthropoda (crustaceans ). Balanus (barnacles) occurred
on only the first one of the control panels and on 5 of the 15 test panels.
The maximum diameter attained vaa 15 mm on the first of the control
panels, which had been inadvertently exposed for h months. The maximum
diameter recorded on the test panels was 12 mm on one submerged for 11
months. Thirty amphipods (Corophium ) were recorded on a single test panel.

e. l4ollusca (nonboring molluaks ). A few specimens of Mytilus
(mussels) were recorded on only a single one of the test panels, where
ihey attained a maximum length of 15 mm.

AI2.O5 SuTTimary and Conclusions

1. Installation . A test board of the panel type was operated
at the U. S. Naval Station at Cape May, New Jersey, from August 5, 19kh
until its discontinuance on May 8, 19^6, to deteimine the identity and
prevalence of marine borers and fouling organisms occurring at this,

location.
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2. Test Eeaulta .

a. Borers, Both Teredo navalls and Llmnorla occurred to a

limited extent, the occurrence of both helng virtually restricted to the

period from the middle of May through July. The attack hy Teredo navalis

rated very slight in I9U5, and no attacks were reported during the early

peirt of 19^4-6. The attack "by Llmnoria rated only a trace.

h. Fouling Organisms . Silt, green algae, and invertehrate

animals "belonging to 5 phyla contrlhuted to fouling of the panels. The

invertebrates comprised hydroids, encrusting Bryozoa, serpulid worms,

barnacles and amphipods, and mussels. The green algae occurred with by
far the greatest frequency of any fouling organisms. Of the invertebrate
animals, hydroids occurred most frequently and barnacles in lesser numbers,

while the occurrence of the other organisms was merely occasional.
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Section I5

PHILADELPHIA, PEMSILVAMIA — PHILADELPHIA NAVAL SHIPIAKD

AI5.OI Location of the Teat Sta,tlon and Test Board

Two test boards of the panel type were operated at different
locations at the PhiladelTohia Naval Shipyard from July 17, 19^^ until
March I7, 19^7^ vhen their discontinuance was requested because they
showed almost no trace of marine life. The first of these test
hoards, which was designated by the symbol USEPP-l, was installed 25O
ft east of Point "G" along the Schuylkill Eiver Quaywall. The second
board, which was designated by the symbol 'USHPP-2, was installed at the
east side of Pier No. 6 in the Delaware River, 11 ft inshore from the
outboard end {9^h ft from the Quaywall). Both of these test boards
were in the vicinity of untreated wood piling.

AI3.O2 Hydrographic Data

1. Test Board No. 1 . This test board was submerged in water
8.9 ft deep. The tidal range was 5-6 ft practically every month of the
test, and this figure was reported to have been the mean range for the
past 50 years. The cuirent at ebb tide (to west) during the period of the
test was generally negligible and never exceeded 0.2 mile per hour; that
at flood tide (to east) also was negligible and never exceeded O.38
mile per hour. The top of the test board was exposed at low water
approximately two hours daily, as the depth of the water was only 8.9
ft at mean low tide. The temperature and salinity of the water recorded
at monthly intervals during the period covered by the test are presented
in the- following tables. No information was given concerning pollution,
but it is known from personal experience to be considerable, especially
with respect to silt. The pE range of the water at this location
ranged from 5-2 to 1.3-

2. Test Board No. 2 . This test board weis submerged in water
28.7 ft deep at mean low water. The tidal range was roughly 5*6 ft
at every monthly reading during the test, and this figure wa^ reported
to have been the mean range for the past 50 years. The current at ebb
tide (to west) was slight, varying from O.k to l."0 mile an iiour; that at
flood tide (to east) also was slight, varying from O.75 to 2.25 miles
per hour. The tenrperature and salinity of the water recorded at
monthly Intervals during the period covered by the test are presented
in the following tables. There was probably also considerable pollution
of the water at this location. The pH reaction ranged -from U.6 to 7.5.
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3. Water Temperature . Temperature records of the vater in
degrees F, "based on readings taken at various times each month, show the
general range at each location.



A15.05 Marine' Borera

Not the slightest trace of either Teredlnldae or Limnoria was

recorded in the test hoards operated at the Philadelphia Naval Shipyard

in either the Schuylkill or Delaware Rivers. Because analyses of the

vater at monthly intervals over the nearly three-year period covered

hy the test show that it is entirely fresh, neither of these groups of

marine "borers could possihly occur.

A13

.

Ok Fouling Agents

1. Silt . Silt occurred on all the control and test panels of

the test hoards at hoth locations, the deposits ranging from traces to

moderate, or rarely heavy, and mostly oily.

2. Algae . Traces of green and hrown algae were recorded on

a single one of the test panels of Test Board No. 2 in the Delaware
Eiver, which had been submerged for 8 months.

5. Invertebrate anlmai phyla .

a. Coelenterata (hydroida ). A trace of hydroids was
recorded on a single control panel and on a single test panel of Test

; Board No. 1, operated in the Schuylkill River. A light growth was
recorded on a single control panel and traces on 2 test panels of

Test Board No. 2, operated in the Delaware Eiver.

AI5.O5 SutTmifl.ry and Conclusions

1. Installation . A test board of the panel type was operated
at the U. S. Naval Shipyard at Philadelphia, Pennsylvania, from July

17, 1941+ until March 17, 19*1-7, to determine the identity and prevalence

of marine borers and fouling agents at this location.

2. Test Results .

a. Borers. Not the slightest trace of either Teredlnldae
or Limnoria was recorded in the teat boards operated in either the

Schuylkill or Delaware Rivers. Since the water at both these locations
is entirely fresh, neither of these groups of marine borers could
possibly occur.

b. Fouling Organisms . The freshness of the water at both
these locations almost completely inhibited the growth of other marine
organisms. Only traces of hydroids were recorded on 2 or 5 of the
panels at each location, and algae occurred only as a trace on a
single panel of the board in the Delaware River. Deposits of silt, usually
oily, occurred more or less abundantly on all control and teat panela
at both locations.

As there was nothing of value to be learned by further operation
of this test board, its teimination was requested.
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Section ill-

PORTSMOUTH, VTRGHrTA — WCEFOLK NAVAL 'SHIPYARD

JUXD

UCEFOLK, VIRGINIA — U. S. KAVAL OEERATHSfG BASE

All»-.01 Location of the Test Statlcne and Test BoardB

Test "boards of the panel type vere laastalled at the Hcxrfolk

Naval Shipyard at Portsmouth and at the U. S. Nayal Operating Base at

Norfolk, Virginia, on June l6 and July 5, 19^* respectively. The "board

at the Norfolk Naval Shipyard was designated as USRN-l. No details as

to the location of this test hoard vere given. Since all piling in use

here is creosoted, it vas not posslhle to locate the hoard in the vicinity
of untreated piling. Instead, it was located near creosoted piles which
were driven in I907, and it was assumed that the value of the preservative
has heen greatly reduced, as marine horers have damaged the piles to a
conslderahle extent.

The other test hoard, designated as UE!HN-2, was Installed at the
Navy's Convoy Escort Base on the west side of Hn.Tiiptan Boulevard, ahout
one mile south of the Naval Operating Base proper. It was suspended
from the outhoard end of Pier No. 23, which extends Into the Elizaheth
River 750 ft from the hulkhead line. This location was selected because
it is the only one which has water deep enough to permit completely suh-
merglng the test hoard and keeping it ahout 2 ft ahove the hottom; also,

it was the only location at which the hoard could he installed reasonahly
near vDa,treated wood piling. Pier No. 25 is 50 ft in width, and at each
of the outhoard comers are clusters or dolphins of untreated oak piles.
The test hoard is ahout 11 ft from one of these clusters.

In December 19^6, it was reported that panels 6, T, and 8 of this
test hoard (UiSHN-2), which were scheduled for removal In one, 2, and 5
months, respectively, were in a had state of deterioration, and that it
appeared douhtful that they would he in place on the dates scheduled for
their removal. It was therefore requested that the S-month period of
suhmergence he reduced to k months. Accordingly, these panels were
removed on Decemher 16 and sent to the Lahoratcxry; a new test hoard was
installed on a new ij-month program on January 7, 19^7.
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Allt-.02 HydrograpMc Data

1. Test Board No. 1 (USM-l ). The depth of water where this

test hoard was Installed was 22 ft 6 in. helow roeeaa law water; the tidal

range was 2.8 ft; the current was not reported. The temperature of the

water at the time of installation was 80° F at l8 ft below mean low water.

The following determinatian of salinity was made from aaniples taken on
March 8, 19li-6:

Chlorides (as Cl) 7,597 ppm or W^ grains per U. S. gal
Chlorides (as NaCl) 12,500 ppm or 732 grains per U. S. gal

The water was reported to he heavily polluted. The following record of
the tenrperatvire of the water, hased on readings made ahout the middle of
each month or shortly thereafter, and presumahly all made at l8 ft helow
mean low water, shows the general range at this location.





2. Limaorla . Llmaorla did not occur in any of the panels of

either the control or test series of Test Board No. 1; in Test Board No. 2

only 3 panels showed any evidence of them. There were 15 tunnels recorded

in the first of the control panels, 20 in the second of the teat panels,

and a single one in a suhaecLuent test panel. Thus, the Limaorla attack
rated hut a hare trace in 19M{- and 19^6, with ncme at all in 19^5 snA. 19^7
at the Canvoy Escort Base at Norfolk.

Alk. Ok Fouling Agents

1. Silt . Silt occurred on all the control and test panels of

"both test hoards, the deposits raoglng from traces to medium on those of

the control series, and tram, light to heavy on those of the test series,

2. Algae . A trace of hrown algae occurred on a single one of
the test panels of Test Board No. 1.

"

3. Invertehrate anlTrv=i,l phyla .

a. Ooelenterata (hydroids and Metridium). lydroids occurred
on 19 of the 1+1 control panels and. cm 3^ of the kl test panels of Test
Board No. Ij on Test Board No. 2 they occurred on 22 of the kh control
panels and on 38 of the 1+8 test panels. The occurrence was as traces to
light growths on the panels of hoth series. Tuhularla was the only form
identified. Metridium, a member of a different group of hydroids,
occurred on 3 of the 41 control panels and on 14 of the same number of
test panels on Test Board No. 1. On Test Board No. 2 they occurred on a
single control panel and on 2k of the 48 test panels.

h. Bryozoa (encrusting ). Encrusting Bryozoa occurred on
5 of the control panels and on 5 of the test panels of Test Board No. 1,
while on Test3oard No. 2 they occurred on 12 of the 44 control panels
and on 22 of the 48 test panels. Electra crustulenta , E. monostachys ,

and E. sp. were identified.

c. Annelida (marine worms ). Serpulid (Serpula ) tuhes
occurred on a single control panel and on 4 of the test panels on Test
Board No. 1. On Test Board No. 2 they occurred on 9 of the 41+ cantrol
panels and on 23 of the 1+8 test panels. They were mostly few in number,
HO heing the greatest number recorded on one test panel of Test Board
No. 2, the maximum length of any of these heing 45 mm.

a. Arthropoda ( crustaceaos ) . Balanus (hamacles) occurred
an 19 of the 4l control panels and on all except one of the 4l test
panels on Test Board No. 1; on Test Board No. 2 they occurred on 20 of
the kk control panels and on 44 of the 48 test panels. The maxiTmm
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diameter recorded was 12 una and 11 mm cm the coatrol panels of Test Boards

1 ff,nfl 2, respectively, and 2^ mm In 9 manths and 23 ma. in k months on the

test panels of Test, Boards 1 and 2, respectiTely. One control panel was

505^ covered; 7 test panels on Test Board' No. 1 were from 5<^ to 80f>

covered after 8 months' submergence, while 12 panels on Test Board No, 2

were from 5056 to IOO5& covered, some after only k months' submergence.

A]i5)hipods (Corophima) occurred on a single control panel and on 5 of the

test panels of Test Board No. 1, while on Test Board No. 2, they occurred
on only 2 of the test panels. A ranxJTmim of lK)0 were recorded on a single
test panel of the first hoard.

e. Moll;isca (nonhorlng mollusks ). Miscellaneous mollusks
occurred occasionally on the panels of both test hoards. A few specimens

of Mytilus (mussels) occurred on 3 of the test panels of Test Board No. 1,

and on only one test panel of Test Board No. 2. A few specimens of Anomia
(jingle-shells) were recorded on a single control panel and on 6 test
panels of Test Board No. 2. A few specinens of Ostrea (oysters) occuixed

on 2 test panels of Test Board No. 1,' and on 5 test panels of Test Board
No. 2. A maximum diameter of 77 inm was recorded after h months' sub-

mergence,

f. Chordata (tunicates ). Tunlcates occurred more or lees
abundantly on k control panels and on 6 test panels of Test Board No, 1,
also on 10 control panels and on 27 test panels of Test Board No, 2,

Botryllus schlosserl was the most numerous of these, tunlcates, "but

Molgula and ascidians also were identified.

Al4. 05 SuTTmwry and Conclusions

1. Installation . Test hoards of -fche panel type, installed
June 16, 19hk, at the Norfolk Naval Shipyard at Portsmouth, Virginia, and
July 5, 19kh, at the U. S. Naval Operating Base at Norfolk, Virginia, are
still "being operated. The results of these tests have "been suTtmwrized to
the end of 19^7.

2. Test Eesults .

a. Borers . The activity of the Teredinidae differed
markedly at the two locations. At the Norfolk Naval Shipyard at Portsmouth
the attack attained peak ratings of moderate in 19M^ and 19^5* "but rated
only slight in 1946 and 19^7 . At the U. S. Naval Operating Base at
Portsmouth, however, the attack rated very heavy each year. No evidence
of Limnoria was recorded at the Norfolk Naval Shipyard at Portsmouth, and

.

the attack at the U. S. Naval Operating Base at Norfolk rated only a trace
in IS^A- and 19*^6; no Limnoria appeared in l^kO and 19^7.
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"b. Foiaiiig Qrganlsma . Silt, algae, and inverte"brate animalB

belonging to 6 phyla contributed to foullog of the panels. The latter

coiig)rised hydroids and Metridiimi , encrusting Bryozoa, serpulid vottob,

"barnacles and anrphipods, nonl^oring inollusks> and tunicates. Of these

"borers, hydroids and "barnacles occurred with the greatest frequency;

Metridium, encrusting Bryozoa, and sejrpulid worms occurred with less

freq.uencyj while the occurrence of the others, as well as the algae, was

merely sporadic or occasional.

5, Becent Addenda . The Teredinidae attact was rated as slight in
19hQ and very heavy in 19^9, at the first location. There were no
Limnoria recorded at this locaticn either year. At location No. 2, the
Teredinidae attack registered heavy in 19l^8 and very heavy in 19^9. There

were no Llmaoria at the second location in 19l»8 and only a trace in 19k9.
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Section 15

CHAKLESTCJN, SOUTH CAEOLINA — U. S. HAVAL BASE

A15.01 Location of the Test Station and Test Boards

Five test boards of the panel type were Installed July 1, 19^1-,

at tlaree different locations at or near the Charleston Naval Base at

Charleston, South Carolina. The locations and symbols used to designate
these test "boards are listed as follows:

Symbol Location

U5NC-1 Pier 517-C ~ lower hoard
USNC-IU Pier 517-C — upper "board

XJSNC-2 Deperming Station (Pler 520 ) lower "board

DSNC-aU Deperming Station (Pier 520) upper "board
"03150-5 Custom House Pier

As the experience in this locality indicated greater damage tram.

marine "borers in timber structures hetween the elevations of mean low
water and mean high water than at lower depths, it was decided to install
upper and lower "boards at two locations. Thus, at Pier 517-C and at the
Deperming Station (Pier 520), 2 sets of test "boards were hung, one a'bove

the other. The upper "boards, which were suspended with the top elevation
at mean low water, have the letter "U" after the panel numbers and are so
designated in the hoard symbols. The lower hoards at these two locations
were suspended so that the hottom of the lower panel was 2 ft a'bove the
mud line.

The depth of water at the U. S. Naval Fleet TfliDili.ng heing insuf-
ficient to cover the hoard at low tide, it was decided to make the in-
stallation of test hoard USISC-5 at the adjacent Custom House Pier.
Permission was granted hy the U. S. Engineers Office, Charleston,
South Carolina, to malce this Installation.

The current and the corrosive action of the water caused failure
of the cahle supporting Test Board USNC-1 at Pier 517-C, and the hoard
was lost after the last of the first series of panels was removed and
replaced. This hoard was replaced hy a new hoard on March 3j 19^5. At
the same time, the cahles holding the other hoards were renewed so as to
prevent the loss of these hoards. The test hoards installed at the
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Depermlng Pier were carried away in May 19^6, when a ship foxiled the

pier, and new boardB were then installed at this point.

The resiilts from these test hoards, the operation of which is

still heing continued, haye heen summarized to the end of 19^7.

A15.02 gydrographic Data

The depth of water at Pier 317-C, where Test Boards USNC-1 and
USNC-IU are located, was given as 28.7 ft; that at the Depermlng 'Pier

(320), where Test Boards USNC-2 and USNC-2U are located, as 57.6 ft;

and that at the Custom House Pier, where Test Board USITC-5 is located,

as 10.3 ft. The mean range of tide was given as 5.2 ft. The current

velocity ohservations were made at the Charleston Shiphuilding and

Drydock Co. , located ahout one-half mile ahove the Custom House Pier.

These ohservations showed velocities ranging from a maximum of 2.97 miles

per hour out in the Cooper Elver to 0.5 mile per hour at inshore loca-

ticais coii5)ara'ble to those velocities of the test hoard installations.

The maximum current velocity at the Depermlng Station is prohahly in
excess of 3 miles per hour, and along the outside face of Pier 317-C it

is at least 3 miles per hour, with stroiag eddy currents prevailing
hetween the piles where the test hoard is located. The temperature of
the water at the time of installation was given as approximately 82° F.

Analysis of the water suhsequently suhmitted show that the hacterial
content is high in coliform organisms. This condition was expected to
continue, hecause raw sewage and other waste matter was continually
heing dun5>ed into the Cooper Elver hy the various communities along it,

including the city of Chaxlestoci. At Pier 317-C the chloride content
of the water was given as lf,l«-00 mgm per liter and the pH reading as 7.7.
At the Depermlng Station the chloride content was given as 6,500 mgm per
liter and the pH as 7.9; at the Custom House Pier the chloride content
was given as 10,700 mgm per liter and the pH as 7.9.

AI5 . 03 Marine Borers

1. Teredinidae . Terefilnldae occurred irregularly in the control
panels at each of the five locations, hut their hreedlng season was
limited to May through September, Octoher, or November at the different
locations. Maximum lengths of 11, 11, kO, 12, and k^ mm were recorded
inUSNC-1, USNC,1U, USNC-2, USNC-2U, and UBNC-3, respectively. One of
the control panels in USNC-2 was 30^ filled with Teredinidae . Teredinidae ,

including Bankla gouldi , Teredo navalis, and T. (LyroduB ) sp. were active
at all locations except USNC-IU throughout most of the period covered hy
the test. In USNC-1 at Pier 317-C, several test panels were filled or
riddled with specimens up to 2li-0 mm in length. In USNC-2, which was suh-
merged at the lower depth at the Depermlng Station, the majortty of the
test panels were filled or riddled with specimans up to 300 ma in length.
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In TJSNC-5, BvOiinsrged at tlie Custom Hcnise Pier, the majcjrity of the test

panels vere filled or riddled with specimens up to 2li-0 ma. in length. At

all these four locations the attack "by Teredinidae vas rated as very

heavy, especially so in the case of the lower "board at the Deperming

Station and the one at the Custom House Pier. In USKC-IU, with the top

su"bmerged to mean low water at Pier 517-C, the mnyiTmnn attack l)y

Tere'^l'n^dae rated only slight; no panel sliowed more than 1 to 10 speci-

mens, and the greatest length recorded was 185 mm.

2, T.iTTinoria . In contrast to the Teredinidae , Limnoria in

general showed little or no activity at most of the locations. In USNC-l,

submerged at the lower depth at Pier 317-C, only a single specimen was

recorded oti a control panel submerged in June 19^7^ and none was recorded

on any of the test panels. No evidence of Limnoria was recorded on the

upper test "board at this location, or on either of the 2 test "boards at

the Deperming Station. However, LiTnnoria showed more or less activity at

the Custom House Pier throughout most of the period coTered hy the test.

It occurred in 2k of the k2 control panels, hut only on those panels sub-

merged during the months from April through November. The ninifljer of

tunnels recorded in the control panels ranged from 1 to kO. Limnoria

occurred in all except 2 test panels submerged from July 19^ through

June 19h6, and again in all panels removed from March through July 19^7*

after having been submerged for 8 months . The attack rated from only a
trace to slight most of the time, but attained a rating of moderate late

in 19i^5.

A15.CA- Fouling Agents

1. Silt . Silt occurred on practically all of the panels at all

locations, "the deposits on the control panels ranging from traces to

light, or rarely moderate, and deposits on the test panels ranging from

traces to moderate, with a heavy deposit on one panel.

2. Invertebrate n.nlTnn.1 phyla .

a. Coelenterata (hydroids ). Hydroids occurred on most of

the control panels at all locations and on all of the test panels except

one at all locations. The growths on the control panels ranged from
traces to light or rarely moderate or heavy, while the growths on the

test panels ranged from traces to moderate, rarely heavy, or veiy heavy,

Tubularia was the form identified most frequently; Pennaria tiarella

also occurred. Metridium , a member of a different group of Coelenterata ,

also occurred.

b, Bryozoa (encrusting and filamentous ). Encrusting
Bryozoa occurred on occasional panels at all five locations. They
were recorded on 5 control panels and 7 "test panels of the lower

board at Pier 517-C; on 5 test panels of the upper board at Pier 317-C;
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on 2 coatrol panels and k test panels of the lower "board at the Depexming
Station; on k control panels and 2 test panels of the upper l>oard at the

Depermlng Station; ana on 10 control panels and one test panel of the test

hoard at the Custom House Pier. Electra crustulenta and Electra sp. were
the onl7 forms identified. A trace of filamentous Bryozoa was recorded en
a single control panel of the lower hoard at the Ddpermlng Station.

c, Annelida (marine worms) . Traces of serpulid (Serpula )

worms occurred on a single test panel of the lower test hoard at Pier
317-C; on 5 panels of the lower test hoard at the Depermlng Station; and
on 7 test panels of the test hoard at the dustam House Pier. The maxlnium

number on any one of the latter was 2^ and the mfljclmmn length attained
was 1^ mm.

d, Arthropoda (crustaceans ). Balanus (hamacles) developed
profusely and with great regularity at all five locations, occurring on
nearly all the control panels at each location, and on all except one of
the test panels. They developed on the control panels during every
calendar month of the year, attaining maylmam diameters of 'J, 8, 11, 8,
and 8 mm, respectively, on the control panels of the five different test
hoards, in the order named. On the test panels they attained maxlnnnn

diameters of 1^, 1?, 22, l8, and 23 mm on the different test hoards,
respectively. Prom 15 to 25 control panels and from 23 to 39 test panels
of the 5 test hoards, respectively, showed from 50^ to lOCfji of the surface
covered, Ang)hipods (including Corophium and Gammarus ) occurred sporadi-
cally at all five locaticaas. They occurred on 6 control paneis and one
test panel of the lower test hoard at Pier 317-C; on 3 control panels
and lii- test panels of the upper test hoard at this Pier; on 8 control
panels and 15 test panels of the lower test hoard at the Deperming Station;
on 11 control panels and ik test panels of the upper test hoard at this
Station; and on 7 control panels and 9 test panels of the test hoard at
the Custom House Pier. The greatest number recorded on any one panel
was 600.

e, Mollusca (ncnhoring molluBks ). Miscellaneous mollusks
occurred sporadically on the panels of the test hoards at all five loca-
tiooa. %tilus (niasBels) occurred on a single control panel of the
lower test hoard at Pier 317-C; on one each of the control and teat seirLes

of the upper test hoard at this Pier; on 2 control panels and ik test
panels of the lower test hoard at the Depermlng Station; on 2 control
panels and k test panels of the upper test hoard at this Station; and on
10 test panels at the Custom House Pier. In most cases the numbers were
few, hut as many as 1,500 were recorded on a single test panel of the
lower test hoard at the Depermlng Station, Maximum lengths of l^l- mm
on a control panel, and of l8 mm on a test panel, were recorded.
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* Ostrea (oysters) ocburred oax 2 test panels of the lower test
toard at Pier 317-C; on. a single test panel of tlie l^wer test board at
the Deperming Station; on 2 test panels of the upper test "board at this
Station; and on 5 control panels and 10 test panels of the test "board

at the Custom Hoxise Pier, The specimens were mostly few in number; on
a control panel, as many as 60 Juvenile specimans were recorded on the
test "board at this Pier, The maximum diameter recorded on a test panel
was 22 mm.

Anomia (jingle-shells) occvirred on a single test panel on the
lower test "board at the Depenning Pier; on 5 of the test panels of the
upper test "board at this Pier; and on 2 of the control panels of the
test "board at the Custom House Pier, The greatest number on any one
panel was 10. A few specimens of Astyris lunata occurred on a single
panel each, of the control and test series of the lower test board at
the DepeiTuing Station, and on 2 of the test panels of the test board
at the Custcaa House Pier. Ten specimens of Cardium (cockle) and 8
unclassified specimens in the family Cardiidae were recorded on 2 of
the test panels of the test board at the Custom House Pier.

f. Chordata (tunicates ). A few colonlea of tunicates
occtored on a single panel each of the control and test series on the
lower test board at the Deperming Station, and on a single control panel
and 6 of the test panels at the Custom House Pier. The aoly forms
Identified vere Botryllus schlosseri and Molgula sp.

A15.C)5 Summary and Conclusions

1. Installation . Five test boards of the panel type. Installed
July 1, 19^, at three different locations at cxr near the Charlestcn
Naval Base-, Charleston, South Carolina, are still being operated. The
results of these tests have been summarized to the end of ISkf.

2. Test Results .

a. Borers. Teredinidae were active at all three locations
throughout most of the period covered by the test. Their breeding season
started in May and did not last beyond September, October, or November.
The attack rated very heavy In the lower test boaard at Pier 517-C, in
both of those at the Depermi33g Station-, and in the one at the Custom
House Pier. In fact, it was especially heavy in the lower test board
at the Depeirming Pier and in the board at the Custom House Pier. In
the upper test board at Pier 317-C, however, the maximum attack rated
only slight. In contrast to the Teredinidae . Limnoria in general showed
little or no activity at moat locations. In the lower test board at
Pier 317-C only a single specimen of Limnoria was recorded on one of the
control panels, and there was no evidence of any on either of the 2 test
boards at the Deperming Station. At the Custom House Pier, however,
Limaoria showed more or less activity throughout the period covered by
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the test. The attack rated from a trace to alight most of the time "but

attained a rating of moderate late in 19^5.

"b. Fouling Organisms , Silt and Invertehrate animals

Taelooging to 6 phyla contributed to the fouling of the panels. The

latter comprised hydroids, encrusting and filamentous Bryozoa, marine
votAb, l:>amacles and an^hipods, miscellaneous nonboring mollusks, and
tunlcates. Of these organisms, the hydroids and hamacles occuri!>ed

with great freq.uency and regularity, while the occurrence of the others
was more or less sporadic.

3. Recent Addenda . On the lower hoard at Pier 517-C, there was
a moderate attack "by Teredinidae in 19h& "but only a trace In 19k9. No
Limnoria were present either year. No horers of either kind were
recorded during these years on the upper "board at this pier.

The Teredinidae attack was very heavy in 19^8 and 19^9 on
the lower hoard at the Deperming Station, hut no Limnoria at all were
recorded here either year. On the upper hoard at this location there
was a moderate attack hy Teredinidae each year, hut again no Limnoria
at all.

At the Custom House Pier the attack hy Teredinidae was very
heavy in hoth 19^8 and 19^9. There was a trace of L^^rmoria present
each year also.
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Section 16

COCESPUR ISLAM), GEORGUA -- U. S. KAVAL EECEIVIIC STATION

AI6.0I Location of the Test Station and Test Board

A test Ijoard of the panel type was Installed on August 51, I9H,
at the U. S. Naval Receiving Station, on Cockspur Island near the mouth
of the Savannah Elver, ahout ik miles south of Savannah, Geozigia. This
test "board was designated by the syaibol TENSCS-l. No Infonnatlon was
given as to Its exact location. The operation of this test hoard was
discontinued after the last panels were removed on June 1, 1943,
because of the decommissioning of this Station.

AI6.02 Hydrographlc Data

The depth of water ^ere the test hoard was Installed was 50
ft; the tidal range was 7 ft; the maximum velocity at both ebb and
flood tide was 5 knots. The ten^jerature of the water at the time of
Installation was 65° F. The water at this point was reported to be
heavily polluted.

AI6.05 Marine Borers

1. Teredlnldae . Teredlnldae , including Bankla gouldl , occurred
In k of the 6 control panels. There were 3, 10, and 200 embryonic
individuals, respectively, in 5 of these k panels, while in the
fourth there were 2,6i«0, with lengths up to 50 mm; the latter panel,
the first to be removed, had inadvertently been left submerged for
2^ months. The breeding season at this location appears to be from
April through November. The 8 test panels all showed an extremely
severe attack by Bankla gouldl . These panels had been submerged on
August 31, I9H, and the first panel was left submerged for 2 months.
Instead of the usvial one month. One block was removed at the end of
each succeeding month, so that the last one was submerged 9 months.
The test board record given in the following table shows the
extreme rapidity with which this marine borer attacked and destroyed
the test panels.
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Maximum diameters of 6 mm vere attained on the control panels^ iihlle

on the test panels the mMclmmi diameter recorded vas only 5 Jbw after

8 months' submergence. Amphlpods (Corophlum) occuirred only on the

first 2 panels of "both the control and test series, there being from

lOO to 200 Individuals on each of these panels.

d. MolluBca (nonborlng mollnsks ). Hytllus (mussels)

occurred on "both the first 5 control and test panels, and also on
one of the test panels removed later. The maximum growth recorded

vas a lei]gth of ^ mm In one month and 8 mm In J2 months.

e. Chordata (tunlcates ). Tunlcates vere found on one of

the control panels and on 2 of the test panels, to the extent of 5 to

15 colonies. The only one Identified vas Botryllus schlosserl .

AI6.O5 Summary and Conoluslons

1. Installation . A test board of the panel type vas operated

at the U. S. Naval Receiving Station on Cockspur Island, In the Savannah

Blver Ik miles south of Savannah, Georgia, to determine the Identity

and prevalence of marine horers and fouling agents occurring at this

location.

2. Test Results .

a. Borers . Teredlnldae vere very active throughout the

period covered by the test and proved extremely destructive, riddling

panels In as short a period as 5 months. The attack vas so destructive

that the use of panels 2 Inches thick vas reconnnended. In contrast

to the extremely severe Teredlnldae attack at this Station, Llmnorla

were edmost completely lacking.

h. Fouling Organisms . Silt and Invertehrate animals

"belonging to 5 phyla vere found to contribute to the fouling of the

panels. The latter comprised hydrolds, encrusting Bryozoa, hamacles
and an^ihlpods, mussels, and tunlcates. Of these organisms, hydrolds and

barnacles occurred most frequently; the others vere rather sporadic In

occurrence

.

78



Section 17

MAYPOET, FLORIDA — U. S. COAST GUAED TRAINIKJ STATION

AI7.OI Location of the Teat Station and Test Board

A test "board of the panel type was Installed on June 8, 19M)-,

at what was then the U. S, Haval Auxiliary Air. Station, hut Is now the
U. S. Coast Guard Training Station, at Mayport, Duval County, Florida.
This Station la located on the south hant of the St. Johns Elver,
near Its mouth and about 22 miles from Jacksonville. The test "board

Is submerged under the main dock at the southwest comer of a dredged
turning hasln. In a part of El"bault Bay that Is least affected "by

tidal flow. It Is approximately 4,000 ft from the St. Johns Elver
proper, and approximately l^ miles from the Atlantic Ocean, or ahout
2| nautical miles from the end of the channel Jetties projecting Into
the ocean at the mputh of the river. The turning "basin is roughly
rectangular in shape, approximately 2,250 ft wide "by 5^000 ft long.

Access to the St. Johns Elver is gained "by an entrance channel approxi-
mately 750 ft wide "by 900 ft long, situated at the northeastern comer.
Diis channel, as well as the greater part of the turning "basin, is

55 ft deep In its central portion. This test hoard is well protected
from storms.

Because it was not practical to Install the test hoard near
xmtreated piling, as req.uested, it was suspended underneath a wooden
dock, the piling of which had heen suhmerg^ since December 19^1*
and was covered "by a thin Tsamacle coating, ^felrlne horers were
reported to "be very active at this location, and keels of "boats were
said to have "been eaten away in a 12- to l8-month period. In 19hh the

method used to protect vessels at this activity was to install a one-

inch worm shoe on the keel and to Insert one thickness of commsrcial
felt (tar paper) hetween the worm shoe and the keel. It has "been

o"bserved that this method successfully repels marine horers for a
period of 90 to 120 days. The horers are reluctant to penetrate felt
and will eat horizonteilly eJ.ong the worm shoe Instead of eating the

felt. This method has proven hi^ly satisfactory on all types of

small "boats, up to and including the 63-footers.

AI7.02 Hydrographic Data

The depth of water at the location where the test "board was
installed was 19 ft at half tide; the tidal range was approximately

6^ ft; the velocity of the current was approxinrately one-half knot,

caused solely hy eddies from e'b'b and flow of tide.
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1. Water Temperature. The ten5>erature of the vater In the
turning basin at the tl3te of Installation vas 72° F, "but It was given
as 80° F on June 15, 19^^. Further data on the water temperatures are
tabulated belqw. It Is apparent from a study of the table that the
ten^erature of the water within the turning basin varies within con-
siderable limits In different months of the year, emd also during the
same season In different years. During the approximately 5|-yeew
period of the test, the greatest range of water teiQ)erature was from
50° F In January to 86° F In September, October, and November of 1945.

The following record of ten^jerature of the water In degrees F,

based on readings taken at various times each month, shows the general
rai]ge at this location.

Month 19>»'» 19^^^ 19^6 19^»7 1948

January 50 75 63.9 6k
February 55 75 50.9 Sk.k
March 65 68 58.4
April 70 68 72.0
May 75 68 74.7
June 72-80 84 — 77-0
July — 84 80.6 79.9
August — 84 80.4
September — 86 77.8 —
October — 86 73.1 76
November — 86 63.9 68
December 53 75 65.5

2. Salinity . The salinity of the water In the turning basin
varies considerably, ranging from 15 to 32 parts of dissolved salts per
thousand. The maximum range Is slightly lower than the reading taken
from the surf, which. In June 1944, was 34 to 35 parts per thousand. The
salinity of the water Is affected by the tides and winds, as certain
combinations of these elements will force considerable river water Into
the basin.

3. Pollution . The water at this location appears to be
reasonably free from pollution, but an analysis shows Bacillus coll
present. The two samples tested In June 1944 showed 4,800 and 3,400
colonl»a per cc, respectively.

A17.03 Marine Borers

1. Teredlnidae . Teredinldae , Including Bankia gouldl and

Teredo sp., were very active throughout the period covered by the teat.
The attack at this location was so severe that it was found i]q>os8lble

to maintain for the usual 8-month period the 12-ln. i 6-ln. x 1-in.
panels used in the test. In August 1944, it was requested that the
original panels be removed and replaced with new ones, 2 inches thick.
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This new eerles was started in December 19^i|-. However, the attack
continued to "be as severe aa before, euad It appeared that even a 2-ln.

panel was not sufficiently thick to cairy a test through 8 months. It

was therefore requested on March 25, 19^5* that "blocks k Inches thick
he used. Increasing the thickness of the panels did not solve the
prohlem, however, because It was soon discovered that the attack was
Just as destructive to the thicker hlocke. The more wood present, the
greater became the number of horers infesting the panels, so that the
attack was Just as severe proportionately In the thicker panels as in
the thinner ones.

As Increasing the thickness of the panels did not prolong their
life, it was decided to shorten the period of suhmergence and infesta-
tion to which the psmels had been exposed. Conseciuently, on November 6,

19^5> It was requested that the peuaels be removed emd replaced "by a new
series operated on a 4-month hasis, instead of on the 8-month hasls which
previously obtained. This change was made later the same month. However,
It was found that even after the period of suhmergence was reduced to

I months, the destruction of the panels was too rapid to permit making
accurate euialyses; so in Deoezoiber 19^6, this period was further reduced,
jfoilowlng the decision that 5 months was the longest practical period of
suhmergence

.

Teredlnidae occurred in 55 of the kl control panels, ranging from
minute pits or embryonic speclmciis to specimens up to 6^ mm In length.
One of these panels, submerged for oialy one month, was filled, ajtid

another was riddled. The hreeding season extends from March 9 to •^~

December 20, but in 19^ and 19^7, it continued until Fehruary 20.

It is clearly apparent that the growth attained by the sets of
Teredlnidae that develop during the months >diich have warmer water
ten^erature is imich greater than the growth of those borers \diich

develc^ at either limit of the hreeding season.

Teredlnidae occurred in all except one of the hj test panels,
the exception helng a panel that was removed during a change in panel
series, after having heen submerged for only 6 days. Maximum lengths
of 60 mm were recorded in one month, 93 mm in 2 months, and 2'4'0 in

5 months. Eight of these panels were filled; 9 were riddled; 12 were
more or less completely destroyed, although few had heen left submerged
for more than 5 or 4 months. The attack rated very heavy each year.
Including 19**^.

2. Llmnoria . Idmnorla were more or less active throughout the
period covered hy the test but never occurred in particularly descruc- \
tlve nuitibers. They occurred on 2k of the kl control panels hut not
on any control panel prior to Octoher 8, 19^. The largest number on a.

any one of these panels was 25O. Llmnoria occurred on 22 of the kj '^
test panels. Their occurrence, even here, was Irregular and sporadic,
the attack rating from none to a trace most of the time. However, they
attained a low moderate peak in a panel removed on August 11, 19^5

>

after 8 months' submergence, and rated as slight on k of the panels
removed from July 20 to October 20 in 19k'Jf after 5 months' submergence.
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5 . Pholadldae (Hlata and Martesla ) . Pholadldae also vere more
6r less active throughout much of the period covered by the test. They
occurred in 7 of the ^1 control panels hut were only eaibryonic or
minute except in one panel, inadvertently left submerged for 2 months,
where lengths up to 10 mm were recorded. One of these panels was re-
corded as containing 95 to 100 minute Teredinidae and Pholadidae
per sq. in., 6,600 in aJ.1. In the test panels, Pholadidae occurred
in Ik of the k7f the greatest length recorded being 12 mm after 5
months' submergence. The largest number recorded in any one of these
panels was 75 to 100, these rangitig \ip to 4 mm in diameter after 2

months' submergence. However, k panels were more or less conpletely
destroyed, presumably by the combined attacks of Teredinidae and
Pholadidae , so that it was in5)ossible to make exact counts of the
numbers of either of these organisms. The occurrence of the Pholads was
iiregular and sporadic in both the control and test panels. They were
recorded in only one test psmel from Atagust 11, 19^5 to July 20, 19^7*
but 7 of these panels were destroyed and could not be read. In a few
of the psmels vlaere Pholads were recorded, it was difficult to evaluate
their number and in^jortance . The Pholad attaxjk appears to have rated
medium heavy in 19^^ and 19i<-7, and moderate in 19^5 and 19^6. It
probably would have been heavier had it not been for the rapidity with
which the Teredinidae destroyed "Qie panels.

A17.04 Fouling Agents

1. Silt . Silt occurred on all except one of the hi control
panels and on kO of the ^7 test panels. So little was left of the
other, 7 panels that it was in^ossible to identify silt, or much
else in the way of fouling organisms. The deposits ranged usueuLly

from traces to moderate on the panels of both series, becoming heavier
after the middle of 19*^6.

2. Invertebrate animal phyla .

a. Coelenterata (hydroids ) . Hydroids occurred on 27 of

the hi control panels and on 35 of the ^7 test panels. The growths
rated mostly as traces on the control pemels, and as traces or light
on the test panels. Tubularia was the only fonn identified.

b

.

Bryozoa (encrusting and filamentous ) . Encrusting
Bryozoa occurred more or less abundantly on 15 of the kl control
panels and on 22 of the 47 test panels. Two control panels were
covered; and of 6 of the test panels, k were 25^, 50^> 50^> and

90^ covered, and 2 entirely covered. Cryptosula pallasiana , Electra
sp., and Schizoporella unicornis were identified. Filamentous Bryozoa •
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occurred more or less abundantly on 7 of the^^l control panels and on
10 of the 47 test panels. One of the control panels was covered. ,

Bugula flabellata, B, nerltlna , and B. sp. were Identified. ^'

c. Annelida (annelid worms ). Serpulld (Serpula ) tubes
occurred on 5 of the kl control panels and on 10 of the kj test panels,
the maximum on any test panel 1)61113 100,

d. Arthropoda (crustaceans ). Balanus ('barnacles) occurred
on 5**- of the kl control panels and on 45 of the hf test panels.
Maximum diameters of 12 mm were recorded on the control panels, and
of 18 mm on a test panel after 5 months' euhmergence . Six of the
control panels were from 25^ to 100^ covered, and 25 of the test panels

were from 20^ to 100^ covered. Barnacles, which developed every month
of the year at Mayport, may cover panels within a short period at any
season of the year.

e. Mollusca (nontoring mollueks ). Miscellaneous nontorlng

moilusks occurred occasionally on the panels as follows: AnomJa

(jingle-shells) occurred on 5 of the panels of toth the control and

test series, the largest number on any one of the latter panels "being

25; Mytllue (mussels) occurred on 2 control panels and on 5 test panels,

the maximum on any one of the latter panels "being 20; Ostrea (oysters)

occurred on a single control panel and on 8 test panels, the largest

number on any one panel "being 55. A length of 58 mm was recorded on a
test panel sulimerged for 7 months. A solitary specimen of Muscuius

lateralis occurred on one of the control panfti a

.

AI7.O5 Summary and Conclusions

1. Installation . A test "board of the panel type installed

at the tJ. S. Coast Ouard Training Station at Mayport, Florida, on

June 2, 19kh, is still "being operated. The results of this test have

"been summarized to the end of 19^7.

2. Test Eesults .

a. Borers . Teredlnldae were very active and destructive

throughout the period covered "by the test. Increasing the thickness

of the panels did not prolong their life; and in order to prevent

their unlnterpreta'ble destruction, it was found necessary to reduce

ttie period of su"bmergence to^ 5 months. Even control panels su'bmerged

for a single month, were eometlines filled or riddled. The attack
rated very heavy each year, including 194it. Llmnoria were more or less
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active throughout th.e period covered "by the test, but never occurred in
particularly destructive ntiinbers. Their occurrence vas irregular and
sporadic. The attack rated from zero to a trace njost of the time,
but it did attain a low moderate peak in 19^5 > and rated slight in
19^7. Pholadidae, also, vere more or.less active throughout much of
the period covered by the test, and their occurrence also was irregular
and sporadic. Their attack vas difficult to evaluate because of the
rapid and often conjilete destruction of the panels by Teredinidae .

but appears to have rated medium heavy in 19^^ and 19^7> and moderate
in 191^5 and 19^6.

b. Fouling Organisms . Silt and invertebrate animals
belonging to 5 phyla contributed to fouling of the panels. The
latter con5)ri8ed hydrolds, encrusting and filamentous Bryozoa, seiT)ulld

worms, barnacles, and miscellaneous nonboring mollusks. Of these
organisms, barnacles occurred with the greatest frequency anfl abundance,
Hydrolds also occurred most frequently, encrusting Bryozoa occurred
less frequently, and filamentous Bryozoa and serpulid worms occuired
much less frequently, while the occurrence of the other worms was merely
occasional.

3. Becent Addenda . Panels removed from the board at this station
in 19^8 and 19^9 » were riddled with Teredinidae . Llmnorla reached the
low moderate rating in 19^8 and attained a rating of medium heavy the
following year.
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Section l8

KEY WEST, FLORIDA — U. S. KA.VAL SUBMAEIRE BASE

AI8.OI Location of the Test Stations and Test Boards

Two test boards of the panel type were installed June J , IS^k,

at what was formerly the U. S. Naval Operating Base, hut is now the

U. S. Naval Suhmarine Base, at Key West, Florida. One hoard, designated
as USNK-l, was placed on the inhoard side of Pier "B" at the Naval Base;

the other, designated aa USIIK-2, was placed on the outhoard end of the

Section Base.

It was 1115)08811316 to place either test "board near untreated
piling, so they vere placed at what were considered to he the most
suitable positions. In the case of hoard USHK-1, the position selected
along the inhoard side of Pier B, Just off the edge of the pier, -was

6 ft from, the nearest reinforced concrete pile. Board 'USNK-2 was
placed immediately to the right of the center of the outhoard (vest)

end of the Section Base. This position is 5 ft from some treated wood
fender piling.

On November 20, 19^5, a new series of panels was installed on
both test boards, and the period of submergence was reduced from
8 to U months because of the destructiveness of marine borers at
this locality. The operation of these test boards is being continued.
The results have been summarized to the end of 19^7.

AI8.02 Hydrographic Data

1. Test Board No. 1 (USNK-l ) . The depth of water where this
test board was installed was 12 ft; the tidal range (general average) was
1.80 ft; the current was approximately O.8O knot.^ Jhe surface temperature
of the water at the time of Installation was 86° F. The salinity was
determined aa chloride (mi3J.igrams per liter), 20,900; as sodium
chloride, 5i)-,500. In regard to pollution, it was stated that there
is a i»-in. sanitary sewer line discharging overboard 50 ft from the
test board. Five toilets, used by approxMately kO people daily, were
reported to be on this sewer line.

2. Teat Board No. 2 (USBK-2 ). The depth of water where this
teat boai^d was installed was 20 ft, but the bottom breaks off quite
shai'ply to a depth of 27 ft, approximately I5 ft off the end of the wall.
The tidal range (general average), was given as I.80 ft, and the
cuiTent was approximately 1.20 knots. The sm'face temperature of thd
watei- at the time of installation was 86° F. The salinity was determined
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as chloride (milligreims per liter), 20,900; as sodium chloride, 5^*500.
In regard to pollution, it vas stated that a'l^ng the south side of the
Section Base there is a k-±n. line discharging from a' septic tank. The
over-all distance from this U-in, line around the comer to the test
hoard is approximately 175 ft,

AI8.O5 Marine Borers

1. Teredinidae » Teredinidae , including BanMa sp., Teredo clappi ,

T. parksi , T. (Lyrodua ) sp., T. (Psiloteredo ) sp., and T. sp., were very
active each year at hoth locations. They occurred in 22 of the k'^ control
panels of Test Board No. 1, and in 23 of the 38 of Test Board No. 2,

ranging from mere pita to minute specimens. It was indicated that the

hreeding season was limited from March through Decemher, or sometimes
to the middle of January or Fehruary, In the test panels at "both locations,
they occurred in nearly all panels that were submerged for 2-^ months
or more, and several of these were, riddled after 8 months' suTamergence

.

The maximum lengths attained hy specimens in these panels were 220 mm ^
in Test Board No. 1, and I90 mm in Test Board No. 2. The attack hy
Teredinidae rated as very heavy in 19^5 at hoth locations.

2. Limnoria . Limnoria also were very active throughout the period
covered hy the tests and occurred in all the panels of hoth test hoards.
The severity of attack varied, with peaks occurring at intervals, hut
in general, the attaxik rated very heavy each year at hoth locations. Test
panels removed on June 7, 19^5^ after 8 months* suhmergence, showed
Limnoria counts of 21,000 and 20,000, respectively, indicating that the

attack was unusually severe. The next 2 test panels removed from Test
Board No. 2, which were left suhmerged for 12^ and 11^ months, respectively,
were destroyed hy the combined attacks of Teredinidae and Limnoria .

5. Pholadidae . No Pholadidae were recorded at either location.

Al8.0l»- FouliiJg Agents

1. Silt . Silt occurred on all the panels of hoth test hoards
except on one control and one test panel of Test Board No. 1, and on 2

test panels of Test Board No. 2. The deposits, mostly a gray clay,

ranged from traces to moderate on the control and test panels of hoth
test hoards, with occasionally heavy deposits on the test panels of Test
Board No. 1.

2. Algae . Algae occurred on 3I of the U5 control panels and
on 35 of the 50 teat panels of Test Board No. 1, the growths generally
ranging from traces to moderate on the panels of hoth series. On Teat
Board No. 2, however, they occurred on only k of the 58 control panel?
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and on 7 of the 1^5 test panels, the growths rating only traces on the

panels of "both series. Mostly green algae occurred, hut red klgae

were found on one test panel.

5. Invertebrate animal phyla .

a. Coelenterata (hydroids and Metrldium ) . Hydrolds occurred

on 28 of the l<-5 control panels and on 45 of the 50 test panels of Test

Board No. 1. On Test Board No. 2, they occurred on 35 of the 58 control

panels and on 59 of the h^ test panels. The growths ranged from traces

to light on the panels of hoth series. On practically all the infested

panels, Tuhularia vas the only form identified. However, a few specimens

of Metridium , a memher of a different group of Coelenterata , occurred on

a single test panel of Test Board No. 1.

h. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa

occurred on only one of the i^5 control panels and on 5 of the 50 test

panels of Test Board No. 1. .On Teat Board No. 2 they occurred on 7 of

the 58 control panels and on SO of the h^ test panels. The forms

identified comprised Cryptosula pallasiana , Electra sp., and Schizoporella

unicornis . Filamentous Bryozoa occurred on 5 control panels and on k test

panels of Test Board No. 1. On Test Board No. 2 they occurred on 5 of

the 58 control panels and on 6 of the U5 test panels . Bugula neritina

and Bugula sp. were the only forms identified.

c

.

Annelida (marine worms ) . Serpulid (Serpula) tuhes

occurred on 1*)- of the il5 control panels and on 21 of the 50 test panels

of Test Board No. 1, the maximum length recorded "being 25 mm. One test

panel was 55^ covered and 6OO specimens were recorded on another. On
Test Board No. 2 they occurred on ik of the 58 control panels and on 29

of the l»-5 test panels, the maximum length recorded heing 55 ™i« Oi^® test

panel was ^0^ covered, and 5OO specimens were recorded on another.

Several hundred to several thousand minute, thread-like calcareous tuhes

of Salmacina occurred on 2 control panels and on 2 test panels of

Test Board No. 1.

d. . Arthropoda ( crustaceans ) . Balanus (barnacles) occurred
only on occasional panels of both test boards. They were recorded on

5 control panels and on 5 test panels of Test Board No. 1, and
on a singel control panel and on 2 test panels of Test Board No. 2.

The maximum diameter recorded wajs 8 mm, after k months' submergence.
Amphipods ( Corophium ) occurred only a single control panel and on
2 test panels of Test Board No. 1, the maximum number recorded on any
panel being 100.

e. Mollusca (nonboring mollusks ). Miscellaneous mollusks.
occurred occasionally on the panels of both test boards. A few specimens
of Anomla (jingle-shells) were recorded on a single control panel and on
2 test panels of Test Board No. 1, the maximum diameter being 20 mm.
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rive spec±men6 of Musculua lateralis were recorded on single test panels
of "both test Ijoeurds. A solitary specimen of the family Pterldldae vas
recorded on a single control panel of Test Board Ko. 2.

f. Chordata (txmlcates ). Tunlcates occurred q.uite abundantly
on a number of the panels of both test boards, especially on those panels
of Test Board No. 1. On this board, they occurred on 8 of the Uj control
panels. On Test Board No. 2 they occurred on h control panels and
on 6 test panels, the maximum number of colonies on any one of the latter
panels being 20. Botryllus schloagerl occurred on the panels of both
test boards; Clona and Molgula were recorded only on the test panels of
Test Board No. 1.

AI8.O5 SiJTmnn.ry and Conclusions

1. Installation . Two test boards of the panel type installed
June 7, 19^^, at the IT. S. Naval Submarine Base at Key West, Florida, are
still being operated. The results of these tests have been summarized to
the; fend of I9I+7.

2. Test Results .

a. Borers . Teredinidae were very active each year at both
locations, the breeding season apparently being limited to the months
from March through December, or sometimes to the middle of January or
February. Several of the test panels were riddled after 8 months'
submergence, and the attack rated as very heavy iii^ 19^5 at both locations.
Llmnorla also were very active throughout the period covered by the tests,

and the attack was very heavy. In fact unusually destructive, at both
locations. No Fholadidae were recorded at either location.

b. Fouling Orgerii awa . Silt, algae, arid invertebrate
animals belonging to 6 phyla contributed to the fouling of the panels.
The latter Included hydrolds and Metrldium , encrusting and filamentous
Bryozoa, marine voiraa, barnacles and amphipode, miscellaneous nonborlng
mollusks, and tunlcates. Algae and hydrolds occurred with the greatest
frequency, and encrusting Bryozoa and marine worms occurred with less
frequency, while the occurrence of the other organisms was merely
sporadic or occasional.

5. Recent Addenda . The Teredinidae attack on Test Board No. 1 was
moderate in 1948 and very heavy in 19^9. In I9U8, there was a slight

^attack by Tiliimorla on the panels of this board, while in 19^9 tJi©

Llmnorla attack rated as moderate. On Test Board No. 2 there was a
moderate infestation of Teredinidae in 19^8, and a medium heavy attack
the following year. On this board Llmnorla rated medium heavy in 19^8
and heavy in 19^9

•
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Section 19

PEKSACOLA, FLORIDA — U. S. NAVAL AIR TRAINUG COMMAND

A19.OI Location of the Test Station and Test Boards

Two test "boards of the panel type were Installed July 22, 19^^*

at different locations at the former U. S. Naval Air Station, nov the

Naral Air Training Cammand at Pensacola, Florida. The first of these

"boards, designated "by the symbol USHPF-1, vas Installed at the Ferry

Slip at the Naval Air Station. The second, designated hy the symbol

TJSKPF-2, vas located at the Feiry Slip at the Palafox Street Pier in

the city of Pensacola, Both of these test "boards are in Pensacola Bay.

It was later decided that a new test board designated by the symbol

USHPF-3, located at the Navy Railroad Trestle over Bayou Grande north

of the Naval Air Station, •^^ere this stream en^ties into Pensacola Bay,

would serve the purposes of the marine borer research better, so far as

this Station is concerned, than the test board located at Pensacola.

The new board was Installed on August 22, 19kh. The operation of these

test boards is beiiig continued, and resvilts of the tests have been sum-

marized to tbe end of 19^7«
'

AI9.O2 Hydrographlc Data

1. USNPF-1 (Ferry Slip at Naval Air Station ). The depth of

water where this test board was Installed was 20 ft; the tidal range

was 1.4 ftj the velocity of the current was not determined. _ The tem-

perature of the water at the time of installation was 80° F. The pres-,

ence of coliform bacteria was demonstrated in Domlnick-Lauter and lactose

broth media almost every month from the steurt of the test to the end of

1947. Estimated counts, beginning with April 19^5* showed the most prob-

able nuniber of bacteria of the coli-aerogenes group to range from k60 to
2lt-0,000 per 100 cc.

2. U5NPF-2 (Ferry Slip at Pensacola ). The data for this test

board are the same as for the preceding one, except that the most prob-

able nuniber of bacteria of the coli-aerogenes group ranged from 6OO to

700,000 per 100 cc.

3. USNPF'^3 (Railroad Trestle at Naval Air Station ). The depth

of water where this test "board, was Installed was 13 ft. The teiiQ>erature

of" the water at the time of Instnllatlon was 84° F. The other data

for this test board are the same as for the first one, except that the

most probable number of bacteria of the coli-aerogenes group ranged

from 450 to 700,000 per 100 cc.
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As the monthly ten^erature records given for the three locations

are almost identical, only one representative set of figures is given.

The following tahle records the temperature of the vater in degrees F,

based on readings taken at various times each month, showing the general

range throughout the year.

Month



March 20, 19^6 to Fetruary 25, 19l»5. The attack vas especially heavy
from April 19, 19^6 to the end of 19^7, dtaring which time 5 of the

panels vere filled. In the test panels, Teredlpidae occvirred In k-k

of the kj, attaining a mailnmrn length of 15O mm on 2 panels, both
of TAlch held "been suhmerged for k months. Twenty of these panels were
filled or riddled, although most of them had heen submerged for only
h months. The panels sometimes hecame filled or riddled In as short
a period as one or 2 months. The attack at this loca:tlon rated very
heavy each yesu:. Including i9'»-^.

"b x^Hpr-2 (Ferry Sll-p at Pensacola ) . Teredlnldae occurred
In 2k of the kl control panels, ranging from minute pits or emhivonic
specimens to specimens up to 65 nm in length. The "breeding season at
this location extended from the middle of March through Deceniber.

Teredlnldae occurred in 58 of the i|-7 test panels, attaining a maacinium

length of 200 mm in one panel submerged for k months. Twenty-five of
these panels were filled or riddled, although most of the panels were
submerged for only k- months. They sometimes became filled or riddled
in as short a period as 2 months. The attack at this location rated
very heavy each year, including 19^.

c. USIIPF-3 (Railroad Trestle at Naval Air Station ).

Teredlnldae occurred in 19 of the kO control panels, ranging from minute
pits or embryonic specimens to specimens up to 25 mm in length. The
breeding season at this location extended from the middle of March
through December. Teredlnldae occurred in 37 of the ^7 test panels,
attaining a maximum length of 220 mm in one panel submerged for k
months. Twenty-one of these panels were filled or riddled, although
most of the panels were submerged for only k months. They sometimes
became well filled within 5 months. The attack at this location rated
very heavy each year. Including 19^.

2 Llmnorla . Limnoria were more or less active at all three
locations, the occurrence being summarized for each as follows:

a. USKPF-l (Ferry Slip at Naval Air Station ). Limnoria
occurred on 51 of the kl control panels, the maximum nuniber on any
one being 19O specimens. They occurred on 39 of the kf test panels.
The attacks attained peak ratings of moderate in 19'«-5 and 19^6 and
of heavy in 19^7

b. USNPF-2 (Ferry Slir at Pensacola ). Limnoria occurred
in 16 of the kl control panels, although none appesired prior to
March 22, 19^5 • The maximum number recorded in any of these panels was
250 forms. Limnoria occurred on 26 of the kl test panels, eJ.though
none occurred up to January 22, 19^5 • The attacks attained a peak
rating of medium heavy in 19^5, a trace in 19^*6, and low in the slight
rating in 19^7.
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c. USBPF-3 (Railroad Trestle at Haval Air Station ). No

Llmnorla occurred on any of the control panels, and only 2, of the 4?
• test panels vere attacked . One of these panels contained only one

tunnel and the other shoved 5 tuimels. The first occurred In 19'i-5 and

the second In 19^6. Thus the attack at this location rated only a Tsare

trace these years, with no trace in 19''-7.

5. Pholadldae. Pholadldae (Martesia and Hlata) did not occur
on any of the control panels at any of the locations, "but occurred
sporadically on the test panels at all three locations. At the Ferry
Slip at the Naval Air Station, they appeared in 7 of the kj test
panels. The attacks rated a trace In 19^* moderate in 19^5 > zero
In 19^6ji. and medium heavy in 19^7. At the Ferry Slip at Pensacola,
they occurred in k of the k7 test panels, the attacks rating slight
in 19^5 and only a trace in 19^7/ with no traces the other years. At
the Railroad Trestle at the Naval Air Station, they occurred in only
2 of the k-l test panels in 19^5^ the attack rating "but slight.

A19.04 Fouling Agents

1. Silt . Silt occurred on all the panels of Isoth the control
and test series at all locations except on 5 panels at the Ferry Slip
at the Naval Air Station. Only fragments of one of these panels
were left, and the outer surfaces of the other 2 were destroyed. At
the last-named location the deposits ranged from traces to light on
the test series. At the other two locations, they ranged generally
from traces to moderate on the panels of the control series, and from
light to moderate on those of the test series.

2. Algae . Green algae occurred as traces or light growths on
2 control panels ajad on a single test panel at the Ferry Slip at
Pensacola, also on 2 each of the control ajod test panels at the Rail-
road Trestle at the Naval Air Station.

3. Invertebrate animnl pbyla .

a. ForIfera (sponges ). Sponges occurred on a single test
panel at the Ferry Slip at Pensacola and on 3 of the test panels at
the Railroad Trestle at the Naval Air Station. On the panel at the
first location, 6o^ of the surface was covered

.

"b. Coelenterata (hydroids and Metridium). Hydroids
occurred with great frequency on the panels at all three locations.
They occurred on 20 of the kl control panels and 30 of the 47 test
panels at the Ferry Slip at the Naval Air Station, on 31 of the kl
control panels and 38 of the kj test panels at the Ferry Slip at
Pensacola, and on 28 of the kO control panels and kl of the kj test;

panels at the Railroad Trestle at the Naval Air Station. The growths
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ranged generally from traces to light (rarely) on the control panels,

and from traces to light, or moderate, (rarely) on the test panels,

peurticularly at the last location. Tuhularia was the only specimen

identified. Metrldlum. a member of another group of Coelenterata ,

occurred on 2 of the test panels at the Ferry Slip at the Naval Air
Station.

c. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa

occurred more or less abundantly on the pemels at all three locations.

They were found on 10 of the hi control panels- and 15 of the k-J test

panels at the Ferry Slip at the Naval Air Station, on 11 of the kl

control psuiels and 23 of the kf test panels at the Ferry Slip, at

Pensacola, and on 8 of the kO control panels £ind 1? of the ^7 test

panels at the Eailroad Trestle at the Naval Air Station. At the first-

named location, 7 of the test panels were from 25^ to 80^ covered,

and at the second location, 9 of the test panels were from 10^ to

90^ covered . Cryptosula paliasiana , Electra sp
.
, Gemelliporidra

magniporosa , and Schizoporella unicornis were identified. Filamentous

Bryozoa occurred on 5 of the kl control panels and on l6 of the ^7 test

panels at the Ferry Slip at the Naval Air Station. Bugula flahellata , B.

neritina , and B. sp . were identified

.

d. Annelida (annelid worms ). Serpulid ( Serpula ) tuhes

occurred on 8 of the kl control panels and 29 of the 1*7 test panels

at the Ferry Slip at the Naval Air Station, on 7 of the kl control

panels and ik of the hj test panels at the Ferry Slip at Pensacola, ana

on 2 of -Oie kO control panels and 15 of the kf test panels at the

Railroad Trestle at the Naval Air Station.

e. Arthropoda (crustaceans ) . Barnacles occurred with

great frequency on the panels at all three locations and in considerable

fthundance at the last two locations. At the Ferry Slip at the Naval Air

Station, they were found on 25 of the kl control panels and on kl of

the kf test peuiels, on 33 of the kl control panels and. 46 test panels

at the Ferry Slip at Pensacola, and on 31 of the kO control panels and

lt-5 of the kj test panels at the Bailroad Trestle at the Naval Air Station.

On the control panels, maximum diameters of 9* 8, emd 11 mm were

recorded at the respective locations in the order in which they are

listed. On the test panels maximum diameters of 15> 21, and 27 mm
were attained in k, 6, and 8 months, respectively. At the Ferry Slip

at Pensacola, l** of the control panels were from 10^ to 100^ covered,

and 36 of the test panels were from 5^ to 100^ covered. At the

Eailroad Trestle at the Naval Air Station, Ik of the control panels

were from 25^ to 100^ covered, and 2k of the test panels were from

5^ to 100^ covered. ,

95



f. Mollusca (nontorlng moHuske ) . Miscellaneous nontorlng
mollusks were recorded occasionally on the panels as follows: Anomia
(jingle-shells) occurred on k control panels and 9 test panels at the
Ferry Slip at the Naval Air Station, on a single control panel and k test
panels at the Ferry Slip at Pensacola, and on a single control panel and
2 test panels at the Railroad Trestle at the Naval Air Station. They
ranged from a trace to I50 in nximber. Ifaximuin. diamieters recorded were 6 mm
on a control panel and ^K) mm on a test panel after k months' submergence

.

Traces of Ostrea (oysters) occurred on 3 control panels and 11 test panels
at the Ferry Slip at the Naval Air Station, on 9 test panels at the Ferry
Slip at Pensacola, and on I5 test panels at the Railroad Trestle at the
Naval Air Station. Meizimum diameters recorded were 50 mm on a control panel
and 14-5 itm on a test panel after k montha' submergence, tfcisculue lateralis
occurred on 5 test panels at the Ferry Slip at the Naval Air Station, the
maximum number being kO on any one panel. I^tilus (mussels) occurred on
a single panel each of both the control and test series at the Ferry Slip
at the Naval Air Station, on 6 test panels at the Ferry Slip at Pensacola,
and on 5 test panels at the Railroad Trestle at the Naval Air Station. The
maximum number was 65 on any one panel.

g. Chordata (tunicates ). A few colonies of tunicates occurred
on 2 test panels at the Ferry Slip at the Naval Air Station, on a single
panel each of the control and test series at the Ferry Slip at Pensacola,
and on a single control panel at the Railroad Trestle at the Naval Air
Station. Botryllus schlosseri, Ciona, and Malgula were identified.

AI9 . 05 SuTimifiry and Conclusions

1. Installation . Three test boards of the panel type, installed
at different locations at the Naval Air Training Base at Pensacola, Florida,
on July 22 and August 22, 19^+^, are still being operated. The results of
these tests have been summarized to the end of 19li-7.

2. Test Results .

a. Borers . Teredinidae were very active each year at each of
these locations. The breeding season extended from the middle of March,
but may be continuous some years at the Ferry Slip at the Naval Air Station.
The attack rated very heavy each year, including 19M4-, at each location,
panels becoming filled or riddled in as short a period as one to 5 months.
There was some evidence of Limnoria activity at all three locations, but the
severity of attack varied from year to year aaad at the different locations.
At the Ferry Slip at the Naval Air Station, the attacks attained peak rat-
ings of moderate in 19l)-5 and 1914-6 and heavy in 1914-7. At the Ferry Slip
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at Pensacola, they attained a peaJc rating of meditua heavy in 19^5^ merely

a trace In 19h6, and low in the slight rating in 19^7. At the Railroad
Trestle at the Naval Air Station, the attack rated the oarest trace in
19l<-5 and 19h6, with no forms showing in I9U7. Pholadldae occurred
sporadically at all three locations." At the Ferry Slip at the Naval Air.

Station the attack rated a trace in 19^^^ moderate In 19^5^ none In 19^6,
and medium heavy in 19^7. At the Ferry Slip at Pensacola they rated
slight in 19i«-5 and only a trace in 19^7, with no forms the other years.

At the Railroad Trestle at the. Naval Air Station there was only a slight

attack in 19^5 and no attacks the other years.

b. Fouling Organisms . Silt, algae, and invertebrate ajilmals

belonging to 7 phyla contributed to the fouling of the panels. The latter
coorprlsed sponges, hydrolds and Metrtdlum, encrusting and filamentous
Bryozoa, annelid worms, barnacles, miscellaneous nonborlng mollusks,: and
tunicates. Of these organisms, barnacles occurred with the greatest fre-
quency and in the greatest abundance] hydrolds also, occurred with great
frecLuency. Encrusting Bryozoa and serpulld worms occurred with consider-
able frequency, and filetmentous Bryozoa occurred with a fair degree of fre-
quency at one locality. Qysters and Jingle-shells occurred with still less
frequency, while the occurrence of the other forms, as well as the algae,
was merely sporadic or occasional.

Figures 5 and k are iUustrations of test panels which had been
submerged at Pensacola. The panel shown in figure 5 iia-s been attacked
severely by Teredo and moderately by Llmnoria , while the damage done to
the panel shown in figure it- was the work of Teredo alone.

5. Recent Addenda . The attack by Teredinldae rated very heavy in
both 191^8 and 19^9 at the Naval Air Station Ferry Slip-. The Llmnoria
attack was moderate at this location in 19^8 and medium heavy the following
year. Pholads also were recorded as heavy at this plaxse in 19^8, but as
only a trace In 19'<-9.

At the Pensacola Ferry Slip there was a very heavy onslaught
of Teredinldae in both 19^4-8 and 19i)-9. The Llmnoria attack was slight
at this point in 19lt-8 and was only a trace the following year. There was
a slight attack by Pholads In 19^8, but none appeared in 19^9. At the
Railroad Trestle, the Teredinldae attack rated very heavy both years, but
Llmnoria appeared as a trace only in 19^9. There was also a trace of
Pholads in 19k3.
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Section 20

GALVESTON, TEXAS — U. S. HA.TAL fROlTJUER BASE

A20.01 Location of the Test Station and Test Board

A test "board of the panel type, designated "by the symbol USN3-T-1,
was operated at the U. S. Uaval Frontier Base at Galveston, Texas,
from JvlLj 21, 19kk until July 15, l^kS, when it was discontinued
"because of termination of military activity at this Tsase. No details
were given as to the exact location of the test toard.

Unfortunately, the continuity of this test was interrupted "by

the loss of thq test hoard on two occasions, first ahout November 19hk, and
again in August 19^5* "because of winds nearing hurricane force. It
was requested in November of this year that a new set of panels he Installed
and operated on a it-month basis. Instead of the 8-month basis previously
adhered to, because of the uii.usual severity of the attack by marine borers
at this location. Accordingly, a new set of panels was put into operation
on November 15-

A20.02 Hydrographlc Data

The depth of water at the location where the test board was
installed was 28 ft; the tidal range was approximately l6 In.j the
velocity of the current was approximately l-g- knots. The temperature
of the water at the time of installation was 7^° E. The water was
reported to be generally muddy and the degree of pollution extreme.

A20.05 Marine Borers

1. Teredinldae . Teredinldae , including Bankia gouldl , B. mexioana ,

Teredo (Lyrodus ) sp . . and Teredo sp
.
, occurred in all the control

panels su"hmerged during the warmer months of the year, but no borers
were recorded in January and February of 19*<-5* nor during the period
extending from November 15, 19l<-5 to April l6, 19k6. The specimens
noted were mostly embryonic or small, although a maximum length of 60 mm
was recorded in the panel submerged from May 21 to June 21, 19^5.
A total of 6,950 minute specimens was recorded in a control panel that
happened to be left submerged for ij months at the end of 19kk.
The breeding season at this location extended from March through December.

Teredinldae occurred in all the test panels throughout the
duration of the test, except in one panel su'bmerged from November
15* 19^5 to January l6, 19^6. At the beginning of the test in
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July 19Mt there was a rapid increase in the numher of Teredinidae ,

and the attack soon attained a peak rating which was maintained until

the loss of the test toard during a storm in August 19'<-5. During

this period, eill the panels that were suhmerg^ed for 5 or more months

were more or less riddled, and the last one was one-third destroyed.

The attack in panels that were suTmerged suhseq.uently appeared less

severe, although none of these psinels were left submerged longer than

k months. The next to the last pajxel of this series w^s well filled

with specimens up to 95 mm in length after ^l- months' sulsmergence.

It is appeirent that the attack \>j Teredinidae rated very heavy.

2. Limnoria . Throughout the period of the test Limnoria

were active, "but only occurred in small numbers. In 15 of the 18
control panels, 70 Limnoria was the largest numher found on any panel.

Limnoria occurred in l4 of the 19 test panels, 200 forms "being the

largest number found in any of these panels. The attack was low in the

slight rating in 1945 and only a trace in 19i|-6.

5. Pholadidae . Only 2 Pholadidae were recorded on the

test panels that was submerged for a single month, and the genus was
not identified.

A20.014- Fouling Agents

1. Silt . Silt occurred on all the panels, "both control and
test, the deposits ranging from traces to light on the control, and
from tr.aces to light or occasionally moderate on the test panels.

2. Algae . Traces of green algae occurred only on the first

2 of the test pajiels and the accompanying controls.

5. Invertehrate anlTtw.l phyla .

a. Coelenterata (hydroids ). Hydroids occurred as traces

to occasionally light growths throughout the period covered hy the

test, on all the panels, toth test and control, except for a single

best panel. Tuhularia was the only form identified.

fa. Brjozoa (encrusting ). Encrusting Bryozoa occurred on

the first 5 and the last 5 control panels, and on 13 of the

19 test panels. They occurred regularly on the first 7 test

panels submerged on July 21, 19^4* and removed after from one to

7 months, respectively, "but their suhaequent occurrence was very
sporadic. While, as a rule, only from 2 to 50 colonies occurred
on a test panel, the first 5 panels in the test were covered, and
the fourth was 60^ covered. Cryptosula pallasiana , Cryptosula sp.,

and Gemelliporidra magniporosa were identified.
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c. Annelida (annelid vorms ). Serpulid (Senaula ) vrorms

were recorded on only one test panel which showed 15 to 20 specimens up
to 10 mm long.

d. Arthropoda (crustaceans ). Balanus (barnacles) occurred
with great regularity and often in oonsideratle abundance. They were
recorded on l6 of the 19 control panels, and on all the test panels, and
developed throughout the year. In the control panels, the maximum
diameter recorded was 7 mm, and panels exposed in February and March
of 19^i)-. were 100?^ covered. In the test panels, the maximum diameter
recorded was 22 mm, this appeeiring on a panel removed January 30, 19^5^
after having been submerged for 5 months. The rate of growth and
nximber present appeared to vary considerably In the same month during
different years.

e. Mollusca (nonborlng mollusks ). A trace of Ostrea (oysters)
occurred on one control panel and on k test pginels, the greatest
number recorded on any panel being 5« Anomla (jingle-shells) occurred
on k control panels (second, third, and last two), where the ma.YlTinim

number on any one was 55 » and on 5 test panels (third amd last two),
where 60 was the maTiTnuTn number.

f. Chordata (tunloates ). A few colonies of Botryllus
schlosseri occurred on only the first of the test and control panels.

A20 . 05 SuTttmary and Conclusions

1. Installation . A test board of the panel type was operated
at the IT. S. Naval Frontier Base at Galveston, Texas, from July 21, 19^^

^

until its discontinuance on July 15* 19^6, to determine the identity
and prevalence of marine borers and fouling agents at this location.

2. Test Results .

a. Borers . Teredinldae were more or less active throughout
practically the dxiration of the test, the severity of the attack rating
very heavy, emd panels frequently becoming riddled after 5 months' ex-

posure. The attack at this location was so severe that the period of
exposure of the test panels was reduced from 8 to 1; months. Th6
breeding season extended from March through December. Limnorla were
present in small numbers throughout the test, but they never exceeded
a trace most of the time, though they did become low in the rating of
slight in 19^5. Only a trace of Pholads was recorded at this location.

b. Fouling jOrKanlsma . Silt, algae, and Invertebrate
anlmala belonging to 6 phyla contributed to the fouling of the panels.
The latter were comprised df hydroids, encrusting Bryozoa, annelid
wonns, barnacles, oysters and Jingle-shells, and tunloates. Silt,
hydroids, and barnacles occurred with great regularity, the latter being
the most important organism causing fouling. The encrusting
Bryozoa occurred less frequently, while the other forms occurred only
occasionally.
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Section 21

CORPUS CHRISTI, TEXAS -- U. S. M7AL AIR STATION

A21.01 Location of the Test Station and Test Board

A test "board of the panel type, designated ty the spibol USHCC-l,

was installed June 10, 19^1-^, at the U. S. Naval Air Station at Corpus
Christ!, Texas. It was Installed in the yardcraft small "boat hasin
in Coitus Christi Bay, and is attached to the south- southeast (landward)

side of a cluster of three creosoted wooden pile dolphins in the operating
area. The hoard to which the test hoard is attached is 292 ft from
a concrete "bulkhead. The operation of this test hoard is heing continued.

The results lfe,ve "been summarized to the" end of 19^7 •

Inquiries were made in regard to previous records of destruction
"by marine "borers at this location. Mr. Eidenour, of the U. S. Engineers,
stated that while there has heen considerahle destruction hy mgirine

horers attacking the "boats and piles, no data have "been gathered hy them
on this subject. Mr. Gordon Gunter, of the Department of Marine Biology
of the Ifoiversity of Texas, and Dr. Joel W. Hedgpeth, Marine Biologist
of the Texas Game, Fish, and Oyster Commission, hoth stated that to their
knowledge no studies of marine "borer activities have ever been made in
this area.

A21.02 Bydrographic Data

The depth of water where the test hoard was installed was
given as 1^ ft at Idle start of the test in June 19^^ and as approximately

25 ft in March 19k6: The tidal range was said to he negligible except
when high winds occur. The tidal range from mean low water was given
as 1.1 ft at mean high water and as 0.6 ft at meein sea level. The
current velocity was not determined, but the location is somewhat
well protected from rough wave action by a pier and breakwaters. The
available data on temperatxire and salinity of the water are presented
in the following tables. The area was reported to be subject to consider-

able pollution from oil, grease, and paint wastes from surface craft
operating in the basin. From June 19^ to January 19^8 the bacterial
content, determined at monthly intervals, ranged from 10 to 550,000 per
cc, and the coll-aerogenes group from to 60 per cc, when no visual
signs of pollution were evident.

99



The following record of the temperature of the vater in degrees F,
tased on monthly readings, shows the annual range and the variation from
year to year.
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A21.05 Marine Borers

.^ 1. Teredinldae . Teredlnldae , including Baiikla gouldi. Teredo

navalf 3, T. (Lyrodus ) sp., T. (Pslloteredo ) sp., and T. sp., were very
actlvt thro^:lghout the period of the test. The "borers were so

destrv "<tive that It was requested on KoTember 6, 19^5* that the panels

he rem ved and a new series installed in which the period of suhmergence

was to be reduced to k months instead of the 8-month hasis preYiously
eniplcyri This chinge was made on December 5*

Teredinicl? occurred in 52 of the ll-2 control pemels, the majcimum

breeding season apparently covering the period frcan February 10 to

January 10, although it was shorter in some years. In these panels, the

specimens ranged from minute pits or embryonic specimens to forms up

to 57 mm in length. They occurred in 51 of the 56 test panels, with
panels becoming filled or riddled in as short periods as 5 and h months.

A maximum length of 525 mm was recorded on 5 panels which had been
submerged for k months. The attack rated heavy each year.

2. Limnoria. Limnoria showed more or less activity beginning
with 19i)-5, but no forms occurred in the control panels prior to April

10, and they occurred only in small numbers in these panels subsequently.

Moreover^ no forms occurred in the test pajiels prior to June 11. While

it was impossible to make an accurate count of the number of tunnels

late in 19^5, because of the severe riddling or destruction of the panels

by Teredinldae , it appears that the Limnoria attack never rated more
than moderate that year, only low in the slight rating in 19^6,
and merely a trace in 19^7.

5» Sphaeroma . A trace of Sphaeroma occurred on 5 test

panels which were removed in 19^5 » after having been submerged for 8

months. One, 2, and 5 specimens, respectively, were recorded on these

5 panels.

k. Pholadidae. No Pholadidae were recorded.

A21.04 Fouling Agents

1. Silt . Deposits of silt, rajiging from traces to- medium,
occurred on all the panels of both the control and test series.

2. Algae . Algae, mostly green, occurred on 2 control panels
and on 5 test panels. The growths ranged from traces to light.
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5. Inverte'brate nnimal phyla .

a. Porlfera (sponges ). A solitary sponge occurred on a
single test panel.

"b. Coelenterata (bydroids ). Hydroids occurred as traces

or rarely light growths on 26 of the k2 control panels ~ and on 57 of

the h-S test panels.

c. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa

occurred on l8 of the k2 control panels and on J>0 of the 49 test

panels. Four control panels were from 50^ to 100^ covered, and 5 test

panels were from 50^ to 100^ covered. Cryptosula pallasiana ,

Cryptosula sp., ELectra crustulenta , Gemelliporidra magniporosa ,

Schizoporella unicornis , and Schizoporella sp. were identified.

Filamentous Bryozoa occurred on 12 of the k2 control panels and on
l6 of the k9 test pemels. One paniel in "both the control and test

series was 50?& covered. Bxigula flabellata , B. neritina , and B. sp.

were identified.

d. Annelida (annelid worms ) . Serpulid (Serpula ) tuljes

occurred on 9 of the k2 control panels and on 2k of the k9 test panels.

Maximum lengths of 15 mm were recorded on the control panels and of

k^ mm. on the test panels after 5 months' submergence.

. e. Arthropoda (crustaceans ). Balanus ("barnacles) occurred

on 35 of the k2 control panels and on h"] of the 49 test panels. Mne
of the panels of the control series were from 25^ to 100^ covered,

and 25 of the test panels were from 20^ to 90^ covered. A Tnn.YlTmim

diameter of 15 Mn. was recorded on the control panels and of 29 mm
on a test panel after 5 months' submergence.

f. Mollusca (nonboring mollusks ). Miscellaneous non"boring

mollusks occurred occasionally as follows: Anemia (jingle-shells)

occurred on 5 of the control paxiels and on 7 of the test panels;

the maximum numher recorded on any panel was 70. Maximum diameters

of 13 mm on a control panel and of UO mm on a test panel were recorded

after 8 months' submergence, t^ytilus (mussels) occurred on 5 control

panels and on 21 test panels; the maximum number recorded on aiiy one

of the test panels was 100 mussels. Maximum lengths of 8 mm on a control

panel and of 25 mm on a test paxiel were recorded after 5 months'

submergence. Ostrea (oysters) occurred on h control peuaels and on 26

test panels. Two-thirds of the face of one test panel submerged for 2 months

was encrusted, tfexlmum diameters of 32 mm on a control panel and of 78

mm on a test pajiel were recorded after 7 months' submergence.
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A21 . 05 Summary and Conclusions

1. Installation . A test "board of the panel type Installed

June 10, 19i^l4-, at the U. S. Naval Air Station at Corpus Christi, Texas,

to determine the identity ajid prevalence of laarine "borers and fouling

organisms, is still "being operated. The results of this test have "been

summarized to the end of 19^7

•

2. Test Besults .

a. Borers . Teredinidae were very active at this location.

The maximum "breeding season apparently was limited to t'-e period from
Fe'bruary 10 to January 10, although it was shorter in some years. The

attack rated very heavy each yearj some panels "became filled or riddled
within 5 months and others in k months. Limnoria also showed more
or less activity, "but not until April 19^5- The attack appears never
to have rated more than low in the slight rating in any year. No

trace of Sphaeroma occurred in 19^5' No Pholadidae were recorded.

"b. Fouling Organisms . Silt, algae, and inverte"brate

animals "belonging to 6 phyla contri"buted to the fouling of the panels.

The latter included sponges, hydroids, encrusting and filamentous
Biyozoa, serpulid worms, "barnacles, and,miscellaneous non"boring mollusks.

Of these organisms, "barnacles occurred with "by far the greatest
frequency as well as in unusual a"bundance. Hydroids, encrusting

Bryozoa, serpulid worms, oysters, filamentous Bryozoa, £ind mussels,

arranged in the order of decreasing frequency, also were important

fouling organisms. The occurrence of the other forms as well as the

algae, was merely sporadic or occasional.

5. Recent Addenda . The attack "by Teredinidae was very heavy in

"both 19lj^ and 19k9, and the Limnoria attack was rated as slight in

"both these years.
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Section 22

BEEMIDA. ISLAKDS, BEEMJDA. — TJ. S. MVAL OPEEIATIIKJ BASE

A22.01 Location of the Test Station and Test Board

A test "board of the pajiel type, designated "by the symbol

USNas-l, was installed February 19, 19^6, at the U. S. Naval Operating

Base at the southwestern end' of the Bermuda Islands. The operation of

this test "board is teing continued. The resvilts of the test have "been

summarized to the end of 19^7-

A22.02 Hydrographic Data

The depth of water where the test "board was installed was 10 ft;

the tidal range was given as mean, 2.6 ft, and spring, 5«2 ft; the

current velocity was zero. The temperature of the water at the time

of installation was 62° F. Additional records of the temperature of the
water at this location, recorded in degrees F at monthly intervals, are
given "below. No pollution was reported.
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A22.03 Marine Borers

1. Teredlnldae . Wo eyidence of Teredlnldae was recorded in the
panels of either the control or test series until late in 19^7. The
test panel remoTed November 15 > 19^7^ after having "been submerged for
k moi^ths, showed 8 specimens of Teredo somersi up to i|-0 mm long. No
"borers were recorded in either of the next 2 months of the test, which
covered up to January 10, 19^8. On the "basis of these data, the attack
is rated as slight in 19^7^ and there was none at all in I9I+6. While
Teredlnidae occurred only in small numbers in a single test panel during
the "brief period covered "by this test, records of the William F. Clapp
Laboratories show that they are very destructive at other points in
Benauda.

2. Limnoria . Limnoria were very active throughout the period
covered by the test and occurred in considerable numbers in all panels
of both the control and test series. Of the 19 control panels, 9 showed
a thousand or more tunnels, and one panel exposed from August 22 to
September 22, 19il-6 showed 3,500 tunnels.

In November of 19^6, because of the destructiveness of Limnoria
at this location, it was requested that the panels on the test board
be removed and a new series installed on a U-month basis instead of on
the 8-month basis previously followed. This change was made on December
15* 19^6. After the fourth of this new series of panels was removed,
the test was interrupted again, for some reason that is not clear, by
starting another i)-panel series on July 10, 19^7.

In the test panels, the Limnoria attack at the beginning of the
test increased rapidly in severity with each month's submergence. In
the first set of 8 panels submerged on February 19, 19ll-6, where a
panel was removed at the end of each month, the tunnels numbered 497,
2,500, i)-,600, ll-,000, 5,500, 7,800 and 15,200 respectively, the last
panel, which had been submerged for 8 months, being entirely destroyed
except for a piece approximately 1-|- in. square around one of the bolt
hol#s. The next 2 panels, which were submerged from March 22 to November
19 and from April 22 to November 19, respectively, also were almost
completely destroyed. The 2 succeeding panels, which were submerged for
only 7 and 6 months, respectively, also were attacked with extreme
severity. With the reduction of the period of submergence to k months,
however, the attack was less severe. The Limnoria attack at this location
rated as extremely severe in both 19^1-6 and 19^7.
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5« Sphaeroma . Two specimens of Sphaeroma were observed on a
single test panel in 19^6.

h. Pholadidae . No Pholadidae were recorded at this location.

A22.0i|- Fouling; Agents

1. Silt . Silt occurred on all the panels of "both the control and
test series. The deposits, which were mostly clay, ranged from traces to
moderate on the control panels and from traces to heavy on the test panels.

2. Algae . Algae occurred on a single control panel and on 9 of
the 26 test panels, the growths ranging from traces to light, even to
moderate in one case. Green algae occurred most frequently, tut trown
and red algae also were ohserved.

5* Inyertehrate animal phyla .

a. Coelenterata (hydroids ) . Hydroids occurred on k of the 19
control panels and on 15 of the 26 test panels, the groirths rating as
traces on the control panels and from traces to moderate on the test panels.
No hydroids were identified.

h. Bryozoa (encrusting and filamentous ) . Encrusting Bryozoa
occurred on k of the 19 control panels and on ik of the 26 test panels.
Schizoporella unicornis was identified on a single test panel. Filamentous
Bryozoa occurred on h of the 19 control panels and on 8 of the 26 test
panels. No forms were identified.

c. Annelida (marine worms ) . Serpulid (Serpvila ) tuhes occurred
on 2 of the 19 control panels and on l6 of the 26 test panels. No lengths
were recorded. Five of the test panels were from 25^ to 50?^ covered.

d. Airthropoda (crustaceans ). Balanus (barnacles) occurred
on a single control panel and on 5 of the 26 test panels. The harnaclea
on the control panels were juvenile, and 7 mgi was the maximum diameter
recorded on the test panels after "both 2 aaid 6 months' suTimergence,
respectively. Two hxuidred and fifty amphipods were recorded on a single
control pajiel, and the presence of Corophium was noted on a single test
pajiel

.

e. Mollusca (nonhoring mollusks ). Miscellajieous nonhoring
mollusks occiurred occasionally as follows: Four Juvenile specimens of
Anomia (jingle-shells) occurred on a single control panel; a trace of
juvenile Avicula occurred on 2 of the test panels; eind 5 specimens of
Oatrea (oysters) up to 50 una in diameter occurred on a single test panel.
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A22 . 05 Summary and Conclusione

1. Inatallation . A test toard of the panel type installed at the

U. S. Naval Operating Base at Bermuda on July 1$, IShS, to determine the

identity and prevalence of marine horere and fouling organisms, is still

being operated. The results of this test have "been summarized to the end

of 1947.

2. Teat Results .

a. Borers . Teredinldae occurred only in small numbers late in

IShl , in a single test panel where the attack was slight. While there
was little evidence of their activity at this location, records of the
William F. Clapp Laboratories show they are very destructive at other
points in Bermuda. Limnoria were very active throughout the period covered
by the test, frequently occurring in destructive numbers. Panels left
exposed for 8 months were almost completely destroyed. The attack rated
as extremely severe in both 19^6 ajid 19^7- A trace of Sphaeroma was
observed oii a single test panel in 19^6. Ko Pholadidae were recorded
at this location.

b. Fouling Organisms . Silt, algae, and invertebrate animals
belonging to 5 phyla contributed to fouling of the panels. The latter
consisted of hydroids, encrusting and filamentous Bryozoa, serpulid
worms, barnacles and amphipods, and miscellaneous nonboring mollusks.
Of these organisms, hydroids, encrusting Bryozoa, and serpulid tubes
occurred with considerable frequency; filamentous Bryozoa occurred with
less frequency, while the occurrence of the other forms, as well as the

algae, was merely sporadic or occasional..

5. Eecent Addenda . In both 19kQ and 19^9 the Teredinldae attack
at this station registered as very heavy. There was a slight attack of

Limnoria in both" these years.
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Sectl^m 25

GUAKTAKAMO BAY, CUBA — U. S. MVAL OPERATIIG BASE

A23.OI Location of the Test Station and Test Board

A test "board of the panel type was Installed June 20, 19*^^* at the

U. S. Naval Operating Base, Guantanamo Bay, Cuha, "but was soon lost. A
duplicate test "board, designated "by the symbol USWGIC-1, was installed on

Jiily 15, 19hh, on Pier No. 1, and the test -is considered to "begin from

this date.

In Itecem"ber 194U the laval Operating Base advised that they were

unaMe to send the panels for that month "because the test "board had "been

takeA away "by a visiting ship. A new "board was installed on Decem"ber 22.

The operation of this test "board is "being continued, and the results

have "been summarized to the end of 19^7 •

It was reported that creosoted pine piles last a"bout 5 years at this

location. It also was reported that, as far as can "be ascertained, the

most resistant native hardwoods for piles are those locally known as

"jiqui" and "jucaro negro." Jiqui piles have "been known to last over

20 years, "but the tree is now almost extinct, at least as far as

sizahle tim"ber is concerned. Jucaro negro hardwood, which can "be

procured in logs a'bout 55 to kO feet in length, remains serviceahle

here for a'bout 7 years.

A25.02 Eydrographic Data

The depth of water where the test board was installed was 40 ft;

the tidal range was 12 in. (mean difference); the current was not

apprecia"ble . The temperature of the water at the time of installation

was 82° F. The test "board was located in what may "be considered open

"bay water, with the nearest sewer outlet 1,000 ft distant. It is suspended

from the side of a pier which had "been "built a'bout a year previous. This

pier has creosoted piles with approximately one-inch penetration, "but

all of the "bracing is constructed of untreated tlm'ber.

A25 . 05 I'farine Borers

1. Teredinidae. Teredinidae , including Teredo (Teredothyra )

dominicensis , T. (Lyrodus ) sp., T. (Psiloteredo ) sp., and T. sp., were

very active and extremely a"bundant throughout the period covered "by the

test. It. Novem"ber of 19^i|-, after the test panels had "been su"bmerged for

only h months, the attack was so severe that it "became evident that the

panels would "be completely destroyed "before the date scheduled for their

removal. It was therefore requested that all the panels "be removed and

replaced with panels 2 inches thick. However, increasing the thickness
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of the panels did not solve the problem, as It was soon discovered that the

more wood present the greater Taecame the number of "borers in the panels,

so that the infestation wets Just as severe proportionately in the 2-inch
panels as it had been in the 1-lnch panels. As increasing the thickness
of the panels did not prolong their life, it was decided to shorten the

period of submergence and infestation to which the panels had been exposed.

Consequently, all panels which were on the test boaxd were removed on
November 19, and a riew set, operated on a U-month basis instead of the pre-
vailing 8-month basis, was installed.

Teredinidae occurred in unusual abundance in all the control panels,
which is conclusive evidence that the breeding season at this location is

continuous. In these panels, 15 of the kO were from 50/^ to 100^ filled,
and specimens were recorded up to 50 mm in length. All the test panels
showed Teredinidae ] 55 of the h'J were filled or riddled, mostly after only
k months' submergence, and in one case, after only .2 months' submergence.

Specimens were recorded up to 190 nmi in length after 5 months' submergence.
The attack of Teredinidae was extremely severe each year.

2. Limnoria . Limnoria were active throughout the period covered by
the test and occurred in every month of the year, but never in particularly
destructive numbers. They occurred in 5^ of the i»-0 control panels, 110
tiinnels being the maximum number recorded in any panel. In the test panels,

they occurred in 42 of the ^7, the attack rating slight in 19^5 and 19^6,
with a peak low in the moderate rating in 19^7

•

5. Pholadidae . Pholadidae (Hiata and Martesia ) likewise were
more or less active throughout much of the period covered by the test. In
the control panels, they occurred in 12 of the kO, but were only embryonic

or minute. However, 2 of these panels, which had been submerged in 19^6
from July 19 to August 19 and from August 19^ to September l8, respectively,
were half filled. They occurred in "^k of the ^7 test panels, and specimens
were recorded up to 17 ram in length. Three of these panels removed at
monthly intervals from August 19 to October 18 in 19^6, after having
been submerged for h months, were 75^> ^l1° and 55^ filled, respectively.
The attack by Pholadidae rated heavy in 19kk and 19^6 and medium heavy
In 19^5 and 19^7.

A25.0it- Fouling Agents

1. Silt . Silt occurred as traces to light or occasionally heavy
deposits on all the panels of botli the control and test series.

2. Algae . A trace of a green alga occurred on one panel each of
the control and test series.
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3. Invertebrate einlmal phyla .

a. Porlfera (sponses ). Three colonies of a sponge occurred
on a single test panel.

t. Coelenterata (hydroids ). Hydroids occurred as traces or
(rarely) light growths on 19 of the i)-0 control panels and on 26 of the h'J

test panels. Tuhularia was the only form "identified.

c

.

Bryozoa (encrusting eind filamentous ) . Encrusting Bryozoa
occurred on k of the hO control panels and on IJ of the ^7 test panels.
Schizoporella unicornis , Schizoporella sp

. , and Watersipora cucullata
were identified. Filamentous Bryozoa occurred on 5 of the kO control
panels and on k of the ^7 test panels, one of the former being one-third
covered. Bugula flabellata , B. neritina , and B. sp. were identified.

d. Annelida (marine worms ). Serpulid (Serpula ) tubes occurred
more or less abundantly on 2^1- of the hO control panels and on h^ of the h"]

test panels. The raflYiTtnim length recorded on the test panels was h^ mm after
4 months' submergence. One of the control panels was 50^ covered.

e. Arthropoda (crustaceaxis ). Balaxius (barnacles) occurred on
29 of the lj-0 control panels and on k6 of the ^7 test panels. The
xna.yJTnum diameters recorded were 8 mm on the control panels and 15 mm on
the test panels after k months' submergence. Two of the control panels
and U of the test pemels were from 50/^ to 100^ covered.

f. Mollusca (nonboring mollusks ). I«Iiscellaneous nonboring
mollusks occurred occasionally as follows: Anomia (jingle-shells) occurred
on 22 of the kO control panels and on 25 of the h'J test panels. They were
generally few in number, the most recorded on a single test panel being
20 forms. The maximum diameter recorded was 10 ram on a control panel
and 21 mm on a test panel after k months' submergence. ^f^jMiM (mussels)
occurred on a single control panel and on 2 of the test panels, a
nH,TlTnuTTi number of 55 being on any panel of either series. Ostrea (oysters),
ranging from a few to Ik specimens, occurred on six of the test panels.
Two specimens of Pecten (scallops) occurred on a single control panel.
A solitary specimen of Pinctada (pearl oyster) occurred on a test panel.

g. Chordata (tunicates ) . Tunicates occurred more or less
abundantly on 5 control panels and on 5 test panels. Botryllus
schloBseri occurred most frequently, and ascidians also were noted.

A25 • 05 Summary and Conclusions

1. Installation . A test board of the panel type installed
July 15^ 19^* at the U. S. Naval Operating Ba'se at G-uantanamo, Cuba,
to determine the identity and prevalence of marine borers and fouling
organisms, is still being operated. The results of this test have
been summarized to the end of 1947-
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2. Test Beeults .

a. Borers. Teredlnldae were very active and extremely atiindant

throughout the period covered by the test, the "breeding season "being continu-
ous. The attack was extremely severe each year. Llmnorla also were active
throughout the period covered "by the test and occurred In every calendar
month of the year, "but never In particularly destructive ntunbers. The
attack rated slight In 19l<-5 and 19^6, with a peak low In the moderate
rating in 19^7. Fholadldae likewise were more or less active throughout
much of the period covered "by the test, the attack rating heavy in 19^^
and 19^6 and medium heavy In 19^5 and 19^7.

"b. Fouling Organisms . Silt, algae, and Inverte'brate eLnimals

"belonging to 7 phyla contrl"buted to fouling of the panels. The latter
Included sponges, hydroids, encrusting and filamentous Bryozoa, serpulid
worms, "barnacles, mlscellaneoxis non"borlng mollusks, and tunlcates. Of
these organisms, hydroids, marine worms, "barnacles, and J ingle-shells
occurred with great frequency, while the occurrence of the other forms,
as well as the algae, was merely sporadic or occasional.

5. Recent Addenda . The attack by Teredlnldae was very heavy at
this station in both 19it-8 and 19i<-9, while the Llmnorla attack was rated
as slight in both these years.
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Section 2k

SAN JUAN, PUERTO RICO — U. S. MVAL AIR STATION

A2i|-.01 Location of the Test Station and Test Board,

A test "board of the panel type was installed Septeinber 21, 19^*)-,

at the U. S. Naval Air Station at San Juan, Puerto Rico. This "board was
located "between the center supporting piles of a temporary wharf at the
San Antonio Tarit Faorm, located on the south side of the San Antonio Channel
in San Juan Hartor, which is on the northern coast of the Island. The
wharf was a small structure "built of untreated piles, which on August 25,

19^5 > was said to "be i»- or 5 years old and in ruins.

On March 26, 19^1-7, the Naval Air Station advised that the small
wharf at the gasoline tank farm, under which the test "board had "been

suspended, had ceased to "be serviceahle and had "been removed a'bout January
21, 19^7^ when the test "board was relocated under the Tender Pier, on
San Juan Bay proper, a'bout 12 ft from the nearest wood pile. Sewage, water
salinity, and temperature conditions at "both locations are considered to "be

a"bout the same.

The test "board was designated "by the symhol DSNSJ-1. Its operation
is "being continued, and the results have "been siumnarized to the end of

19^7.

A2i»-.02 Hydrographlc Ib.ta

The deptfe of water where the test "board was Installed was l6 ft

at low tide; the tidal range was given as 1.2 ftj there was no appreciaMe
current. The temperatiire of the water at the time of Installation was
80° F. The temperature of the sea water in Puerto Rico is two to three

degrees lower than the temperature of the air, which is roughly "between

75° F and 90° F. The temperature of the water is around 80° F most of the

time. The seilinlty of the water at the point where the "board is located is

said to "be the same as that of normal sea water, and there is no reason

to "believe that it will vary at this location more than in the open ocean;

the specific gravity was 1.02if- on March 25, 19i»-6. The degree of pollution

(sewage and oil) was reported to "be moderate. However, there is a constant

flow of fresh sea water throvigh the east end of the channel, caused "by

the waves of the Atlemtic Ocean pounding over a reef at the Atlantic

entrance to it.

A24.05 Marine Borers

1. Teredinldae . Teredinidag , including Bankia sp.. Teredo navalis ,

T. parks

1

, T. (Lvrodus) sp., and T. sp. were very active through the

period of the test. The attack was so destructive that in November of 19^5

it was requested that the panels "be removed and a new series installed which
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would "be suhmerged for only h months instead of the 8 months previously
employed. This change was made on November 23.

In the control panels, Teredinidae occurred On all 58, except
one panel suhmerged from July 22 to August 25, 19^7. These forms were
mostly minute pits or emhryonic or minute specimens, hut some specimens

up to 10 mm in length were recorded. Infestation occurred every month,
so it is clearly evident that the breeding season at this location is

continuoiis. One panel was filled with hoth Teredinidae and Pholadidae in
one month, and another was filled hy Teredinidae euLone in ahout 1-1/5 months.

Teredinidae occurred in all except one of the k^ test pajaels.

The maxiraum length recorded was 230 mm in one paxiel suhmerged for h months.
Three of these panels submerged for only k months were riddled, with
specimQns having maxiraum lengths of 215, 200, and I50 mm, respectively,
and one was well filled in a single month. The attack rated very heavy
eauch year.

2. Limnoria . Limnoria showed spme evidence of activity throughout
the period of the test. They occurred in I8 of the 58 control panels, hut
no forms were recorded sufter January 28, 19^7- A maximum of 200 was

recorded in one of the panels suhmerged for ahout I-I/3 months, although
U5 vas the most that occurred in the others. In the test panels, the attack
never rated more than a trace to low in the slight rating except in
the panel removed on November 23, 19^5, after 8 months' submergence, where
a peak rating of medium heavy was attained.

3. Pholadidae . Pholadidae (Hiata and Martesia ) also were yery
active throughout the period of the test. They occurred in 27 of the 58
control panels, mostly ranging from pits to embryonic or minute, but up
to 5 nni long in one panel. In the test panels, they occurred in 59 ot
the i)-5, attaining lengths up to 14-0 ram in i«- months. Some of these panels
were almost completely filled in k months, often with Pholadidae in
conjuction with Teredinidae . The attack rated very heavy in 19^5 and 19^6,
but appeared less severe in 19^7'

k. Sphaeroma . Sphaeroma also were present in 19^- eind 19^5,
occurring on a single control panel and on 6 test painels. The number on
any one panel was few, but from k^ to 50 foirms were recorded on a test
panel submei^ed for 9 months, while 75 forms were recorded on the
control panel infested.

A2k.0k FouliniK Agents

1. Silt . Silt occurred as traces to moderate deposits on all the

panels of both the control and test series.

2. Algae . Green algae occurred as a trace or light growth on
a single panel of both the control and test series.
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3. Inverte'brate animal, phyla .

a. Porlfera (sponf;es ). Four colonies of a sponge were recorded
on a single test panel.

"b. C6elenterata (hydroids ). Hydroids occurred on 27 of the 58
control panels and on 39 of the ^5 test panels. They ranged mostly from
traces to occasionally light growths on the control panels, and from traces
to light or occasionally moderate growths on the test panels. Tuhularia
occurred on several..

c. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa
occurred on 7 of the 38 control panels and on I5 of the h^ test panels.
Schizoporella unicornis , Schizoporella sp. , and Watersipora cucullata
were identified. Filamentous Bryozoa occurred on 23 of the 38 control
panels and on 27 of the ^5 test panels. Four of the control, panels were
from 25^ to 50^ covered, and k of the test panels were from kQfj!} to 80^
covered. Bugula flabellata, B. neritina , and B. sp. were identified.

d. Annelida (annelid worms ). Serpulid ( SeJrpula ) tutes occurred
on 37 of the 38 control panels and on k2 of U5 test panels. On the control
panels, 17 were from 25^ to 100^ covered; while on the test panels, 10 were
from 20^ to 90^ covered. A maximum length of kO mm was recorded on "both

control and test panels after they had heen suhmerged for one month.

e. Arthropoda (crustaceans ). Balanus ('barnacles) occurred
In great ahundance on 33 of the 38 control panels and on kk of the it-5 test
panels. Twenty-six control panels and 36 test pemels were from 25^ to
100^ covered. Maximum diameters of ik mm were recorded on the control
pajiels and of 25 mm on the test panels after k months' sulimergence.

f. MblluBca (nonhoring mollusks ). Miscellaneous nonborlng
mollusks occurred occasionally on the panels as follows: A few specimens
of Anomia (jingle-shells) occurred on 2 control panels and on 3 test
panels. A trace of Mrbilus (mussels) occurred on 2 test panels. A few
specimens of Ostrea (oysters) occurred on 6 test panels. A solitary
specimen of Muscuius occurred on a single test panel.

g. Chordata (tunicates ). Tunicates occurred on 5 of the 38
control panels and on 18 of the ^5 test panels. One of the test panels'

was 75^ and another 90^ covered.

A2i|-.05 SinTTTrmi-y and Conclusions

1. Installation . A test hoard of the panel type installed September
21, 19hk, at the U. S. Naval Air Station at San Juan, Puerto Eico, to
determine the identity and prevalence of marine "borers and fouling organisms,
is still "being operated. The results of this test have "been summarized to
the end of 1957-
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2. Test Results .

a. Borers . Teredlnldae were very actiye at this location,

infesting panels in every month of the year, which shows that the "breeding

season is continuous. Hie attack rated very heavy each year, and the

rapidity with which panels 1)6001116 filled or riddled indicates that

Teredihidae are extremely destructive. Limnoria showed some evidence

of acti-vity throughout the period of the test, tut the attack never rated

more than a trace to light except in NovCTiher 19^5^ when a peak rating of

medium heavy was attained. Pholadidae also were very active throughout the

period of the test. The attack rated very heavy in 19k^ and 19^6, "but

appeared less severe in 19^7. The coml)ined attacks of the Teredlnldae

and Pholadidae at this location are extremely destructive. Sphaeroma

were present, mostly in small numbers, in 19ij'4 and 19^5*

h. Foulin/;; Organisms . Silt, algae, and invertebrate animals

"belonging to 7 phyla contrihuted to fouling of the panels. The latter

included sponges, hydroids, encrusting and filamentous Bryozoa, serpulid

worms, 'bamacles, miscellaneous nonborlng mollusks, and tvinicates. Of

these organisms, hydroids, serpulid worms, euid barnacles occurred with

outstanding frequency, the last two being exceptionally abundant.

Filamentous Bryozoa occurred less frequently, encrusting Bryozoa and

tunlcates still less frequently, while the occurrence of the other foims,

as well as of the algae, was merely sporadic or occasional.

5. Eecent Addenda . The Teredlnldae attack was very heavy at this

station in 1948 but only moderate the following year. Limnoria were

recorded as a trace in both 19^8 and 1949.
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Section 25

ST. THOMAS, TIRGIW ISLAEDS — U. S. MTAL SUBMAEIHE BASE AT KRUM BAY

A25.01 Location of the Teat Station and Teat Board

A test "board of the panel type was operated at the U. S. Naval

Submarine Baiae at Krum Bay on the southern aide of St. Thomas, Virgin

Islands, from July 1, 19kh until the end of April 19^7, when it was

discontimied "because of the scheduled inactivitation of this Base "by June

50, ISkl. This test hoard was suspended from a steel "brace attached to a
creosoted wood pile which was reported to he under attack hy marine "borers.

The pile is located in a cove of Krum Bay, which is approximately I60

yds hy 275 y^js and is landlocked on three sides. The test "board was

designated hy the symhol USKVT-1.

A25.02 Hydropraphic Data

The depth of water where the test hoard was installed was 12 ft,

average tidal range O.7 ft, velocity of the current zero. The temperature

of the water at the time of Installation was 84° F. The salinity of the

water was reported to "be '^k parts per thousand. The water in the cove

is subject to pollution from the effluent lines from three domestic sewage

septic tanks, one on the east side and two on the west side, and from an
outlet of a storm sewer on the eastern side. Further pollution of the

water is caused during heavy rains when surface water runs into the "bay.

A25 . 05 tfarine Borers

1. Teredlnidae . Teredinidae , including Teredo (Lyrodus ) sp. and
Teredo sp

.
, were more or less active throughout much of the period of the

test. In the control panels, they occurred In l^l- of the 51 received {k

su"bmerged during the latter part of 19^6 were not received), "but did not

appear in a panel until after March 1, 19*«-5. Teredlnidae recorded were

mostly minute pits or embryonic specimens up to 10 mm in length, and were

observed in one panel submerged for a scant month, and up to 60 mm in a
panel inadvertently left submerged for 5 months. Teredlnidae occurred

erratically in 2h of the 55 test panels, attaining a mazimiun length of

200 mm in a panel submerged for 8 months . The largest- number in ajoy one of

these panels was kO borers. The breeding season at this location appeared

to be more or less continuous. The attack rated slight In 19^5 and moderate

in 1946 and 19^7.

2. Limnoria . L-twnoria were vastly more prevalent than the

Teredinidae »Tiri occurred in every control ajid test panel received. The

attack ratings in the control panels ranged up to slight. In the test

panels, th.ere was a rapid and progressive increase in the

•

Limnoria

population from the time the panels were submerged, until the attack rated
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very 'heavy in those panels suhmerged for 7 and 8 months. With the exception
of occasional panels in which the attack was lighter, their attack continued
very heavy until the termination of the test. In several cases the panels
were riddled and some were nearly destroyed. Chelura were numerous
along with Limnoria in 19^5 and 19k6.

3' Pholadldae . No Fholadidae were recorded at this J.ocatlon.

A2^.0k Jouling Afients

1. Silt . Deposits of silt, ranging from traces to light or same-
times moderate, occiirred on all the panels, "both control and test.

2. Algae . Traces to moderate growths of algae occurred on 5 of the

51 control panels and on 12 of the 55 teet panels. The algae recorded were
mostly green, sometimes red.

5. Invertebrate aniTnn,1 phyla .

a. Porifera (sponges ). Traces of enc3rusting sponges occurred
on a single control panel and on 5 of the 55 test panels.

h. Coelenterata (hydroids ). Hydroids, ranging from traces to
occasionally light growths, occurred on 25 of the 51 control panels and on
52 of the 55 test panels. Tutularia was the only form identified.

c. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa
occurred more or less ahundantly on 29 of the 51 control panels and on 28
of the 55 test panels. Cryptosula pallasiana , Cryptosula sp.

,

Qemelliporidra aculeata , Schizoporella unicornis , Schizoporella sp., and
Watersipora cucullata were identified. Filamentous Bryozoa occurred on
5 of the 51 control panels and on 2 of the 55 test panels. Bugula
flabellata , B. neritlna, and B. sp. were identified.

d. Annelida (annelid worms ). A few serpulid (Serpula ) worms
were found on 2 control, pemels.

e. Arthropoda (crustaceans ). Beilanus (harnacles) occurred on
25 of the 51 control panels, ranging from a few to an ahimdance, and on 25
of the 55 test panels. On the test panels, they occurred regularly from the
start of the test on July 1, 19iU4- until Octoher 25, 19^5, and also on the
last k test panels, hut only intermittently on those panels in "between.
On the control panels, the maximum diameter recorded was 12 mm on one panel
Buhmerged during Decemher 19l<-ii-. The first control panel suhmerged during
July 19^ was the only one that was covered. On the test panels, the
TnftXJTnuTn diameter recroded was 25 mm on one panel submerged during July,
August, Septemher, and Octoher in I9I1U. Only the first 5 test psinels
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which were sulMerged for one, 2, and 5 months, respectively, were
covered. A few Corophium were recorded on the first test panels and the
accompanying control panel.

f. Mollusca (nonhoring mollusks ). Oetrea (oysters) occurred
on one control panel and on 12 test panelsj "the maximum numher recorded on
any panel was 25, and the mariTtiHTn length recorded was 20 mm on a pajiel

submerged for 5 months. Traces of Anomia (jingle-shells) occurred on 2
of the control panels and on one of the test panels. A trace of Pinctada
radiata occurred on 2 test panels, and a single specimen of Musculus
lateral-is was recorded on another.

g. Chordata (tunicates ). Tunicates, occurred on 5 control pajiels.

and on ;9. test panels. The first panel in "both the control and test series
was covejred, "but on the other panels the number of colonies ranged from
one to 25 forms. Most of these tunicates were identified as Botryllus
schlosseri .

A25.05 Summflry and Conclusions

1. Installation . A test "board of the panel type was operated at
the U. S. Naval Submarine Base at Erum Bay, St. Thomas, Virgin Islands,
frata Jiily 1, 19^ until its discontinuance at the end of April 19^7, in
order to determine the identity and prevalence of marine "borers .and fouling
organisms at this location.

2. Test Eesults .

a. Borers . Teredinidae , while showing little activity during
the last half of 19^^* were active for periods of varying length and season
throughout most of the period covered by the test. The "breeding season at
this location appears to "be more or less continuous "but is chiefly from
March through Octo"ber. Wo great numbers of these "borers were recorded in
any one panel, and the severity of the attack was rated as moderate.
Limnoria occuired with great regularity throughout the test and were far
more numerous and destructive than the Teredinidae . The attack soon
rated very heavy in the test panels and continued to "be severe mitil
the termination of the test. Chelizra were numerous, along with the
Limnoria , in 19^5 and 19^6. No Pholadidae were recorded at this location.

"b. Fouling Organisms . Silt, algae, and irivertehrate animals
"belonging to 7 phyla contri"buted to fouling of the panels. The latter
included encrusting sponges, hydroids, encrusting and filamentous Bryozoa,
serpulid worms, "barnacles and Corophium , miscellaneous non"boring mollusks,
and tunicates. Of the latter organisms, hydroids and encrusting Bryozoa
occurred with great regularity, "barnacles occurred with less regularity,
while the occurrence of the others was merely sporadic or occasional.
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Section 26

TRIKimD, BRITISH WEST INDIES — U. S. MVAL OPERATIHG BASE

A26.01 Location of the Test Station and Test Board

A test "board of the panel type was installed July 11, 19^4, at the
U. S. Naval Operating Base at Trinidad, British West Indies. Within
a month this test hoard was destroyed inadvertently, and a new one was-

installed on August l6, 19^4, so that the test starts from this later date.
This test hoard, which was designated hy the symbol USNT-1, was installed
in the vicinity of untreated wood piling at Pier No. 1 (Fueling Pier).

On November l6, 19^5* a new series of panels was installed on the
test hoard, in which the period of submergence was reduced from 8 to !<

months on account of the destructiveness of the Teredinidae . In August 19^7*
the test board was again destroyed inadvertently but was soon replaced by
another. Tlie operation of this last test board is being continued,
ajid the results have been summarized to the end of 19^7

•

A26.02 Hydrographio Data

The depth of water where the test board was installed was 28 ft,

the tidal range 2.7 ft, the velocity of the current 0.15 knot. No
dist\irbance of the test board was reported because of ships. In March 19^6
the salinity of the water was determined to be 22,250 ppm, from samples
taken at the test board in two separate laboratory tests. The pollution
appears to have been limited to an oily film on the siirface of the water,
which persisted until the end of 19^7- ^© following record of the
temperature of the water in degrees F, based on readings made about the
middle of each month or shortly thereafter, shows the general range at
this location.
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A26.05 r>fe.rln.e Borers

1. Teredlnldae . Teredlnldae . Including Bankla katherlnae , B.

mexlcana, B. zeteki , Teredo (Lyrodus T sp., T. afflnls group, and T. massa
group, were very active each year at this location. They occurred in 2l|-

of the 57 control panels, ranging from minute pits to specjjoens up to l|-0 mm
in length. Evety control panel submerged from August l6, 19hk to August
16, 19^5^ contained Teredinidae, but they appeared only irregularly there-
after; These data show that the breeding season at this locality is more
or less continuous. Teredinidae occurred in all except 3 of "fcli© ^^ test
panels, with most of the panels submerged for 8 months, and even one panel
submerged for only k months being riddled. Specimens were recorded as
attaining a maximum length of 210 mm in 2 months in the test panels. The
attack rated as very heavy.

2. Limnoria . Limnoria also were active throughout the period
covered by the test, occurring in, 22 of the 57 cbntrol panels and in 57
of the kk test panels. The attack in the latter, however, rated generally
from a trace to slight, but attained a peak i^tlng of moderate late in 19^5.

5. Pholadidae . Pholadidae (Martesia and Hiata) occurred
irregularly, appearing in only one control panel in 19^7 and in all the
test pemels except one that were removed from November 16, 19^^ to July
16, 19^5* also in one panel in 19^7' ^© only length recorded in the
test panels was I6 mm. The Pholad attack rated slight in 19^5

•

A26.0k Fouling Agents

1. Silt . Silt occurred on all the pemels. The deposits on panels
of both the control and test series rajiged from traces to moderate.

2. Algae . A trace of red algae was' recorded on a single test panel.

5. Invertebrate animal phyla .

a. Porifera . (sponges ) . Sponges occurred eiporadlcally on 8 of
the kk test panels. Most of these test panels had only a few colonies, but
one panel was 80^ covered.

b. Coelenterata (hydroids ). Hydroids occurred on 52 of the 57
control panels emd on all of the kk test panels, the growths on the panels
of both series mostly ranging from traces to light. Tubulfaria was the only
form identified.

c. Bryozoa (enci^sting and filamentous ). Encrusting Bryozoa
occurred on 9 of the 57 control panels and on 12 of the kk test panels.
Electra sp. occurred the most commonly, but Cryptosula p»^nasiajia and
Gemelliporidra laaagniporosa also occurred. Filamentous Bryozoa occurred on
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Ik of the 57 control panels and on 22 of the kk test panels. Bugula
nerltina occurred most frequently, tut B. fla"bellata and B. sp. also were
identified. One of the test panels was one-third covered.

d. Annelida (n)n,rine worms ). Serptilid (Serpula ) tu"beB occurred
on 5 of the 57 control panels and on 22 of 'the kk test pajiels, the maximum
length recorded being 60 ram after 8 months' sulamergence . Mad. vorm tuhes

(Dasychone ) occurred on 5 of the test panels, the maximum number
recorded on any one being 60 tubes.

e. Arthropoda (crustaceans ). Balanus (barnacles) occurred on
25 of the 37 control panels axid on 58 of the kk test panels. They developed
on the control pajiels every month of the yesj:* except December, but occurred
most frequently from the middle of February to the middle of November. One
panel was 75^ covered. The maximum diameter recorded on the control peinels

was 12 mm, while that on the test panels was 22 mm after k months' sub-
mergence.

f. Mollusca (nonboring mollusks ). Anomia (jingle-shells)
occurred on 2 control panels ajid on 5 test panels; a maximum of kO was
recorded on any of the test panels. Maximum diameters recorded were
6 mm on a control pginel and I5 mm on a test panel after 3 months* sub-
mergence. Ostrea (oysters) occurred on 3 of the 57 control panels ajid on
20 of the kk test panels; a maximum of 60 was recorded on any of the test
panels. Maximum diameters recorded were l4 ram on a control panel and 50 ram

on a test panel after 8 months' submergence.

g. Chordata (tunicates ). Tunicates occurred on 8 of the kk
test panels, one panel being 259^ covered.

A26.O5 Summary and Conclusions

1. Installation . A test board of the panel type installed at the
U. S. Naval Operating Base at Trinidad, British West Indies, on August I6,
19^i)-, is still being operated. The results of this test have been summarized
to the end of 19i|-7.

2. Test Besults .

' a. Borers . Teredinidae were very active each year at this
location, and the breeding season appears to be more or less continuous.
Most of the panels submerged for 8 months, and even a pajiel that was
submerged for only k months, were riddled. The attack rated as very heavy.
Limnoria also were active throughout the period covered by the test, but
the attack rated generally from a trace to slight, although attaining a
peak rating of moderate late in 19^5. Pholadidae occurred irregularly, the
attack rating slight in 19l^5.
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Tj. Fouling Organisms . Silt, algae, and Inverte'brate animals
"belonging to 7 phyla contributed to fouling of the panels. The latter
included sponges, hydroids, encrusting and filamentous Bryozoa, marine
voiTDB, "barnacles. Jingle-shells, oysters, and tunicates. Of these
organisms, the hydroids and hamacles occurred with the greatest frequency,
fileuaentous Bryozoa and serpulid worms occurred with less frequency, while
the occurrence of the others was merely sporadic or occasional. Algae
occurred on a siiigle test panel.

5. Eecent Addenda . The Teredinidae attack was rer^ heavy at this
station in 19^8 and 19^9, while that "by Llmnoria was rated as slight in
1948 and as moderate the following year.
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Section 27

BAHIA, BRAZIL — U. S. NAYAL AIB AMD U. S. UAVAL OPERATHKJ FACILITIES

A27.01 Location of the Test Stations and Test Boards

Test boards of the psmel type were operated at the U. S. Haval Air
Facility and at the U. S. Naval Operating Facility at Bahla, Brazil. The
"board operated at the first facility, designated by the symbol USKBB-l, was
installed June 28, 19M«-. This board was lost overboard on Efeeember 2 after
it had been in operation for only k months. A diver was sent down, but the
board had broken loose from the anchor, and only the latter was recovered.
A new board with panels 2 Inches thick was installed on December 9.

The test board operated at the second facility, designated by the
symbol USIIBB-2, was installed -June 25, 19^. The operation of this board
£l1so was interrupted, after it had progressed only k months, in order to

change to panels 2 inches thick. The operation of both test boards was
discontinued at the end of June 19^5 because of the decommissionlDg of both
these facilities. Ho details els to the exact location of either board were
given, although the two facilities were said to be about 12 miles apart

by water. It was also stated that the board at the second facility had been
installed at the small boat pier there and that this location was in the
harbor in the vicinity of untreated wood piling. As the development of
marine borers and fouling organisms was essentially the same at both
locations, a single report is presented to show the conditions which may
be expected in this harbor.

A27.02 Hydrographic Data

1. USKEB-l (U. S. Navea Air Facility ). The depth of water where
this test board was Installed was 18 ft, the tideO. range 9 ft, the
current 2g- knots. The temperature of the water was 80° F in June 19^

>

when the test board was Installed, and the same temperature in early December
of the same year, when this board was lost and replaced by a new one.

Pollution was Jiegliglble.

2. USIIBB-2 (U. S. Naval Operating Facility ). The depth of water
where this test board was Installed was 10 f-^-, at low tide, the tidal range
8 ft; there was no appreciable current. The temperature of the water at the
time of installation was 80° F. The pollution was of the usual harbor type.

A27.05 Marine Borers

1. Teredlnldae . Teredinldae , including Bankla canal is , B. caribbea t

B. katherinae . B. zetekl> B. sp.. Teredo dlsconus , T. (Lyrodus ) sp., T.

TPsHoteredo ) sp., and T. sp., were very active at both locations throughout
the period covered by the tests. Because of the destructiveness of the
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Teredinldae at "both locations, it was requested in November 19^ that the
panels on the test "boards "be removed and replaced with panels 2 inches
thick. This cheinge was made in December at the first location when the
lost test "board was replaced "by a new one, and in Brovemter at the second
location. However, this change failed to increase the length of life of the
panels, as the attack proved to "be proportionately as severe in the 2-inch
panels as it had heen in the 1-inch panels originally used. The detailed
figures on the occurrence of Teredinldae at each location are summarized
below.

a. USKBB-1 (U. S. Naval Air Facility ). Teredlnidae occurred
in all of the 11 control panels, the numher In the different panels ranging
from 500 to 1,58*^, a maximum length of 52 mm "being recorded. The "breeding

season at this location was continuous. Teredinldae euLso occurred in all of
the 11 test pajiels, maximum lengths of 75* 190, 210, 250, and 5lf5 una

"being, recorded in paJiels su'tamerged for 1, 2, 5> ^* and 5 months,
respectively. These panels were well filled in 2 months and riddled after
"being su'bmerged for 5 or more months. The attack rated very heavy in "both

ISkh and 19^5.

"b. PSHBiB-2 (U. S. Kaval Operating Facility ). Teredinldae
occurred in all of the 11 control panels, the nxnober in different panels
ranging from 55 to 660, a maximum length of 55 mm "being recorded. The
"breeding season at this location was continuous. In the test panels,
Teredlnidae also occurred in all of the 11 panels, with a maximum length
of 162 lam recorded after k months' sulmergence. These panels were riddled
within k months. The attack rated very heavy in "both 19Mt- and 19*«-5/ "but

did not appear to "be as severe as at the other location.

2. Llmnorla . Llmnorla showed slight evidence of activity at "both

locations. At the Air Facility, they occurred on only the last control panel
and in the last 5 test panels, the largest ntanber on any panel "being 55
forms. At the Operating Facility, Llmnorla did not occur on any of the
control panels, and occurred on only 5 test panels, where M»0 tunnels were
recorded on one panel in 19M»-, and i|-50 on one of the other 2 panels In 19^5.
Thus, the attack at the Air Facility rated none in 19M^ and only a trace In

19^5* while the attack at the Operating Facility rated slight in "both years,

5, Pholadldae . Pholadldae (Hlata and Martesla ) also were active
at "both locations. At the Air Facility, 5 specimens occurred In one
of the control panels and in the last 6 of the 11 test panels, the largest
number in any panel l)elng 50, The attack was Ijjnlted to 19^5 • At the
Operating Facility, no Pholads occurred in the control panels, and they
occurred in only k of the 11 test panels, the maximum num'ber in ^uiy one
"being 25, Thus, the attack at the Air Facility rated zero in 19W|. and
moderate in 19i»-5, while the attack at the Operating Facility rated slight

"both years.
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AZJ.Ok Fouling Agents

1. Silt . Silt occurred as traces to mostly light deposits on
f>\^^ the control panels, and as traces to light or medium deposits on all

the test panels at "both locations.

2. Algae . Green algae, while absent at the Air Facility,

occurred as toraces to light grovrths on all the control and test panels

except one of each series at the Operating Facility. A trace of red
algae also was recorded on the last one of the test panels at the latter

location.

5, InverteTDrate anlTrw.! phyla .

a. Porifera (sponges ). From 2 to ij- colonies of .ein encrusting

sponge occurred on 2 of the test panels at the Air Facility, "but no sponges

were recorded at the Operating Facility,

t. Coelenterata (hydroids ). Bydroids occurred on all the

panels, toth control and test, at each location. The control panels
mostly showed traces, while on the test panels thp growths ranged from
traces to light or moderate. Tutularla was the only form identified.

c. Bryozoa (encrusting and filamentous ). Encrusting Bryxjzoa

occurred on 7 of the 11 control panels gind on 10 of the 11 test panels at

the Air Facility. They also occurred on 7 of the 11 panels in "both the

control and test series at the Operating Facility, ranging from a few to

numerous colonies at each location. Cryptosula pallaslema , Cryptosula sp.,

ELectra crustulenta t Electra sp. , Khynchozoon phrynglossum , Savlgnyella

lafontl , Schzoporella unicornis » Sehizoporella sp. , and Waterslpora

cucullata were identified. Filamentous Bryozoa occurred on 6 of the 11

control panels and on 8 test panels at the Air Facility. At the Operating

Facility, they occurred on 5 of the 11 panels in "both the control and test

series, ranging from a mere trace to numerous colonies at each location.

Bugula dltrupae , B. flabellata, B. neritina, and B, sp. were identified.

d. Annelida (annelid wonns ). A few serpulld (Serpula ) tutes

occurred on 2. of the 11 control panels and on 6 of the 11 test panels at

the Air Facility. The m^YiTmnn lengths recorded were 10 mm in the controls

and 20 mm on one of the test panels submerged for 5 months. At "Uie Operating

Facility, a few serpulld tvibee occuired on only one control panel and on

3 of the test panels, ranging up to 15 nm in length on the latter.

e. Arthropoda (crustaceans ). Balanus ('bamacles) occurred

on «n the panels, "both control and test, except on one of the controls

at the Air Facility. Three control panels were from 10^ to 50^ covered,

with a rrMTriTOiim diameter of 8 mm recorded. Six of the test panels submerged

on December 9, 19¥i-, and removed from 2 to 7 months later, respectively.
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were 30^ to 90^ covered, and maximum diameters of Ik mm were recorded on

panels submerged for 5, k, and 5 months, respectively. At the Operating

Facility, barnacles occurred sporadically on 5 of the 11 control pemels

and on 7 of the 11 test panels, tut they were few in number. Maximum

diameters of 9 mm were recorded on a control' panel ajid 17 mm. on a test

panel*, which had "been removed after two months' submergence.

f, Mollusca (nonboring mollusks ). Miscellaneous mollusks,

which occurred occasionally (limited f=tlTnost entirely to the Air Facility),

were ae follows: Anomia (jingle-shells) occurred on k each of the control

and test panels at the Air Facility. Maximum diameters of 9 ma were
recorded on a control panel and 20 mm on e test panel, after having "been

submerged for k- months. Mytilus (mussels) occxirred on a single control

panel and on 5 test panels at the Air Facility. A trace of Ostrea (oysters)

occurred on 5 test panels at the Air Facility. A trace of Pinctada

radiata occurred on 2 test panels at each location. A solitary specimen

of Pecten (scallops) occurred on a single test panel at the Air Facility.

g, Chordata (tunicates ). Tunicates were recorded on the last

5 of the 11 test panels at the Air Facility. Only 5 to 20 colonies

were recorded on any one panel. Botryllus sChiosseri was identified on

each panel, though other unidentified tunicates were present. At the

Operating Facility, Botryllus schlosseri occurred on 5 ot the control

panels and on a single test panel, tdie number, of colonies on any one peinel

ranging from 3 to 10.

A27,05 Stnmnfiry and Conclusions

1. Installation . Test boards of the panel type were operated from
June 19hh to June 19h^ at the U. S. Naval Air Facility and U. S. Naval

Operating Facility located at Bahia, Brazil, about 12 miles apart by water,

to determine the Identity and prevalence of marine borers and fouling

organisms at these locations.

2, Test Eesults .

a* Borers . Teredlnldae were very active each year at both

these locations, the breeding season being continuous. The attacks rated

veiy heavy at both locations in 19M«- and 19^5 » panels becoming filled or

riddled within 2 months at the Air Facility and in k months at the Operating

Facility. Increasing the thickness of the panels to 2 inches failed to

prolong their life, the attack being Just as severe proportionately in the

thicker panels as it was in the thinner ones. Limnoria occurred to a
slight extent at both locations, the attack rating zero in 19kk and only

a trace in 19l^5 at the Air Facility, while at the Operating Facility it

rated slight both years. Pholadidae also were active to some extent at

both locations, the attack at the Air Facility" rating zero in 19^ and

moderate in 19^5, while that at the Operating Facility rated slight both

years.
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"b. Fouling QrganlsmB . Silt, algae, and invertel)rate animals
belonging to Y phyla contributed to fouling of the panels. The latter
included encrusting sponges (absent at the Opeiratlng Facility), hydroids,
encrusting and filamentous Bryozoa, serpulid vorms, "barnacles, miscellaneous
nonboring mollusks, and tunicates. The hydroids at "both locations and the
"barnacles and encrusting Bryozoa at the Air Facility occurred with the
greatest frequency. The encrusting Bryozoa at the Operating Facility and
the fileunentous Bryozoa at the Air Facility occurred with less frequency.
The occurrence of filamentous Bryozoa at the Operating Facility gmd of all
the other organisms, as well as the algae, was merely sporadic or occasional.
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Section 28

CASABLAIKJA, FRENCH MOROCCO — U. S. MTAL OPERATING BASE

A28.01 Location of the Test Station and Test Board

A teat "board of the panel type was operated at the U. S. BfaTal

Operating Base at Casatlanca, French Morocco, from July 8, 19Mj- to June
1, 19^5' This hoard was placed adjacent to the repair "berth and against
the edge of the stone dock at the most southeasterly end of the "Biassin

Delande" in Casa'blanca Earhor. It was destroyed "by accident, and
another was Installed adjacent to the tug "berth at "the Li"berty Landing,
approximately 600 ft northwest of the first one and almost in the center
of the "Bassin iDelande. " This second test "board also was destroyed, and
a third "board was Installed March 1, 19^5* at the location formerly occupied
"by the second. The test "board at this location was designated "by the
sym"bol USMCB-1. The operation of this test "board was discontinued after
the removal of the panels on June 1, 19^5* apparently as a result of
decoramlssioniijg this Base,

A28.02 Bydrogiraphio Data

The first test "board, Installed July 8, 19^> "was placed in water
10 ft deep at mean low water where the tidal range was 8 ft and the current
was negligi"ble. The temperature of the water at the time of installation
was 65° F. There was reported to "be only slight pollution, "but it was
stated that oil slick may "be present occasioneilly.

The second test "board, installed Novam"ber 22, 19^^*, was placed in
water 11 ft deeg at mean low water where the tidal range was 10 ft and
the current was negligi"ble. The temperature of the water at the time
of installation was 60° F. Water pollution here also was slight and
consisted chiefly of oil. The third test "board was installed at this
same location.

A28.O5 Marine Borers

1. Teredlnidae . Teredinidae t including Teredo (Lyrodus ) sp. and
Teredo sp., were active at this location throughout the period covered "by

the test and caused the greatest amount of damage to th^ panels. They
occurred in all except one of the 8 control panels, "but all were embryonic
or minute specimens. A maxlmvcni of 175 was recorded in any of these panels.
Breeding continued throughout the period of the test, namely from July
to the end of May, and pro"bahly is continuous. Teredinidae occurred in
all of the 8 test panels, ranging from eoabryonic or minute specimens to
specimens up to 25 mm in length at the end of 5 months. As many as 66O
specimens were recorded in each of the last 2 panels, which were submerged
for 2 and 3 months, respectively. While these specimens did not attain any
great length, "because none of the test panels was suhmerged for more than
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5 months at a time, their abimdance aJid the favoralile teniperature of the
water justify rating the attack as very heavy.

2. Limnoria . Limnoria occurred to a very slight extent during
this "brief test, which was not long enough to indicate the destructiveness
of this particular marine torer. On the control panels, only 5 tunnels
were recorded, and these were on the last panel. In the test panels, they
occurred only on the first 2 and the last 2 of the 8 boards, the largest
number on any panel being 15 to 20. The severity of attack thus rated
a mere tarace, but no panel was left aubmerge'd for longer than 3 months.

A28.014. Fouling Agents

1. Silt . Silt occurred, mostly as light deposits, on all the
panels of both the control and test series.

2. Algae . Green algae occurred on 5 of the 8 panels in each series,
the growths ranging from traces to light.

5. Invertebrate animal phyla .

a. Coelenterata (hydrolds ). Bydroids occurred on all except
one of the 8 panels in each series, rating as traces on the control
panels and as traces or light on the test panels.

b. Bryozoa (filamentous ). Filamentous Bryozoa occurred on k

of the 8 control peinels and on 5 of the same number of test panels,,

generally being fairly numerous.

c. Annelida (annelid worms ). Serpulid (Serpula ) tubes occurred
abundantly on k of the 8 panels in each series, the first 2 of each being
encrusted with them.

d. Arthropoda (crustaceajas ) . BsLlanus (barnacles) occurred on
5 of the 8 panels in each series, ranging from a few to numerous. MELXimum

diameters of 6 mm were recorded on the control panels and of 15 mm on a test
panel after having been submerged for 5 months.

e. Chordata (tunicates ) . Tunlcates were numerous on a single
test panel submerged for 3 months.

A28.05 Summary and Conclusions

1. Installation . A test board of the panel type was operated at
the U. S, Naval Operating Base at Casablanca, French Morocco, from July 8,
19^14- until its discontinuance on June 1, 19^5, to determine the identity and
prevalence of marine borers and fouling organisms occurring at this location.
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2. Test BeBults .

a. Borers . Teredlnldae were active at this location throughout
the period covered "by the test. The Ijreeding season is prohahly continuous.
While these "borers did not attain any great length, "because none of the test
panels were suhmerged for more than 3 months, their ahiandance and the
favorahle temperature of the water Justify rating the attack as very heavy.
Limnoria occurred only as a mere trace, hut would have "been more ahundant
had the test nin longer.

h. Fouling Organ!sma . Silt, green algae, and invertehrate
animals "belonging to 5 phyla contri"buted to the fouling of the panels.

The latter included hydroids, filamentouB Bryozoa, serpulid worms, "barnacles,

and tunicates. Hydroids occurred with the greatest frequency; "barnacles,

serpulid worms, filamentous Bryozoa, and algae occurred with progressively
less frequency.

The operation of the test hoeird, which unfortunately was interrupted
twice "by accidental loss, was not continued long enough to provide conclusive
Information concerning the development and prevalence of marine "borers and
fouling organiams at this location, "but it does show the general trend.
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Section 29

BEERTE, TUmSIA — U. S. AU7AHCED AMPHIBIOUS TRAINIMG BASE

A29.01* Location of the Test Station eind Test Boaxd

A teet "board of the panel type, designated by the symbol USKBT-1,
vas operated at the U. S. Advanced Amphibious Training Base at Blzerte,
Tunisia, from June 19 to Noveniber 20, l^hk. No information was given as to
its exact location. ' This test "board vas washed away during a storm in
Decemlier, and it was not found feasi'ble to Install a replacement, as
this Base had "been directed to "be decoimnissloned soon afterward.

A29.02 Bydroffraphic Data

The depth of water where the test Ijoard was installed was 52 ft
9 in. , the tidal range 12 in. , the current approximately one knot. The
teinrperature of the water was given as 75° F on July 21, 79° F on "both

August 21 and September 21, 69° F on Octolser 21, and 5^° F on November
25. The degree of pollution, as estimated "by gas formation, was 15?^ each
month from July to October, but in November there was no gas formation in
a 48-hour culture.

A29.O5 Marine Borers

1. Teredinidae . Teredinidae (Teredo sp. was the only identifi-
cation) do not appear to have been very active at this location. In the
control panels, 9 embryonic specimens were recorded in the first panel
removed, h questionable pits in the second panel removed, and no specimens
in the other 5 panels. In the test panels, Teredinidae were recorded to
the extent of 2 specimens up to 65 mm long in the pauiel removed in October
after k months' exposure, and 8 specimens up to 50 mm long in the panel
removed in November after 5 months' exposure. On the basis of the brief
test made, the attack could not be rated as being more than slight.

2. Limnoria . Limnoria were considerably more active and were
responsible for the major part of the destruction of the panels. They were
present on all control and test panels, and the infestation attained a
peak in the last of the test panels removed in November, after 5 months'
submergence, with from 20 to 50 tunnels per sq in. recorded in patches
covering almost one-half of the panel (about 1,980). This attack is
considered as rather low in the moderate rating. It is possible, however,
that an even greater Limnoria attack might have been recorded had the test
board been operated longer, as the population in the test panels more theui

doubled each month they were submerged, after the first month.

A29.0k Fouling Agents

1. Silt . Silt occurred on all the panels of both the control and
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test series, the deposits mostly rating light on the panels of the
control series and moderate on the panels of the test series.

2. Invertetrate an1mn.1. phyla .

a. Coelenterata (hydroids ). Hydi'oids occiirred on all the panels
of "both the control and test series, the growths rating as traces on the
controls stnd light on all panels of the test series after the first month.

"b. Bryozoa (encnisting eind filamentous ). Encrusting Pryozoa
were found on the first one of the control panels and on all except the last
one of the test panels. They rated from a few to numerous colonies on the
panels on which they occurred. In all cases, they were identified as
Cryptosula palLasiana . Fllamentoiis Bryozoa occurred on 2 of the 5 control
panels and on all 5 test panels, rangiiig from a few to numerous, Bugula
flaljellata and B. neritina were identified.

c. Annelida (annelid worms ). Serpulid (Serpula ) tulies were
numerotis on each of the first k control panels and on k- of the 5 test panels.

d. Arthropoda (crustaceans ). Balaaus (tamacles) occuired on
the first 5 of the 5 control panels and on all 5 test panels. One of the
control panels and all of the test panels were covered except the last one,

which was 90^ covered. Maximum diameters of 10 mm. were recorded on the

control panels and 15 mm on 2 of the test panels after they had "been

submerged for h and 5 months, respectively.

e. Chordata (tunicates ). Tunicates occurred on a single control
panel and on 2 of the 5 test panels. Only a few colonies were recorded on
2 of these panels, but from 60 to 70 specimens were recorded on the last
of the test panels removed in November, after 5 months* submergence.

A29.O5 Sxmmary and Conclusions

1, Installation . A test board of the panel type was operated at the

U. S. Advanced Amphibious Training Base at Bizerte, Tunisia, from June 19*
19kk until its discontinuance after November 20, 19kk, to determine the

identity and prevalence of marine borers and fouling organisms occurring
at this location.

2. Test Results.

a. Borers . Teredinidae occurred irregularly and caused only a
slight attack on the panels. Limnoria were active throughout the period
covered by the tests, ajid the population was increasing rapidly when the

test was discontinued. The severity of the attack was considered as low in

the moderate rating, but xindoubtedly would have been higher had the test

been continued longer.
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"b. Fouling Oraanismfl . Silt and inYertelsrate animals "belonging
to 5 phyla contributed to the fouling of the panels. The latter included
hydroidB, encrusting and filamentous Bryozoa, serpulid worms, 'barnacles, eind

tvuiicates. Of these organisms, hydroids occurred with the greatest frequency;
encrusting and filamentous Bryozoa, serpulid worms, and 'bamacles occurred
with somewhat less frequency; the occurrence of the tunicates was sporadic.

The operation of the test "board was not continued long enough to
provide conclusive information as to the development and prevalence of marine
"borers and fouling organisms at this location, "but it does show the general
trend.
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Section 50

PALERMO, SICILY, EEALY — U. S. HAVAL OPERATIHJ BASE

A5O.OI . Location of the Test Station and Test Board

A test 'board of the panel type was Installed August 21, 19^ » and
operated until September 2k, 19^5> at the U. S. Naval Operating Base at
Falormo, Sicily, Italy. No Infozmatlon vas given as to the location of
this test "board other than that it vas in a basin at a shipyard operated
in Palermo Barljor. It vas designated by the symbol USN5I-1. The operation
of- this test 'board vas discontinued because of the curtailment of military
activity at this Base.

A5O.O2 Bydrographlo Iteita

The depth of vater at the location vhere the test "board vas installed
vas 15^ ft; the tidal rangei vas 8-5/^ in. ; as the "board vas in a "basin, the
cuxrent vas zero. The teinperature of the vater at the time of installation
vas ^9^ F. A p9llution test showed positive presumptive, coliaerogenes
Isolated.

A5O.O5 tfarlne Borers

1. Teredinldae . Teredinidae t including Teredo (Psiloteredo ) sp.

and T. (Lyrodus ) sp., vere active throughout the period covered "by the test.
They occurred in all except one of the 1^ control panels, "being mostly
embryonic "but ranging up to 8 mm in length in the panel su'bmerged from
June 2^ to July 2k, 19k3* The naoiber of specimens recorded ih any one
of the control panels varied from a fev to approximately ^t-OO. The "breeding

season at this location extended from the middle of January to the middle of
December. Teredinldae occurred in all the test pemels. Six of the panels
su'bmerged on August 21 and one su'bmerged on September 21 in l^kk "became

riddled after having "been su"bmerged from ^ to Q months, and one submerged
for 8 months vas one-third destroyed. The rate of grovth is indicated "by

the fact that, vhlle the Teredinldae vere embryonic in the test panel
removed at the end of one month, they attained lengths up to ^ mm in the
one removed at the end of 2 months, up to 88 mm in the one removed at the
end of 3 months, up to 90 mm in the one reimoved at the end of k months, cmd
up to 100 mm In the last one removed at the end of 8 montjis. The attack
rated very heavy in both 19l|'l». and 19'*-5«

2. Ljmn^la. L1winf>ria Vere very active throughout the period
covered "by "the test. This crustacean borer occurred on all except one of
the control panels, the tn«T^™™ nuniber recorded on any panel "being from
100 to 110, They occurred on all the test panels, vhere, vlth one exception,
there vas a steady Increase in numbers from 1^ in the first panel su'bmerged

for one month to from 80 to 100 per sq. in. (10,500-15,200), including the
associated Chelura t in the next to the last panel su'bmerged for 8 months.
The last paoel vas riddled. The attack thus rated very heavy in 19't-5*
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-5. Chelura. ChelTira was not otserved in the test pemels imtil
July 19^5 i when from 80 to 90 Llmnorla and Chelu3ra tmmels per sq. In.

were recorded on all surfaces. It continued to be abundant until the
termination of the test.

A50

.

Ok Fouling Agents

1, Silt . Silt occurred on all the control and test panels except
those panels removed on August 22, 19^5* The deposits rated mostly as
traces on the control panels and light on the> test panels.

2, Algae . Algae occurred as traces on 5 of the 15 control panels
and as traces to light growths on 7 of the same number of test panels. Both
red and green algae were present, but their occurrence was iiregular.

5. Invertebrate animal phyla .

a. Coelenterata (hydroids )l Hydroids occurred on 9 of the 15
control panels and on 11 of the same number of test panels, the growths
rating as traces in all the panels incfested.

b. Bryozoa (encrusting ). Two colonies of an encrusting Bryozoa
were recorded on one of the test panels.

c. Annelida (annelid worms ). Serpulld (Serpula ) tubes occurred
more of leas abundantly on 8 of the 15 control peinels. No worms developed on
any of the panels submerged between January I7 and June 25, 19^5- Tli© maxi-
mum length recorded on the control panels was 12 mm. However, Serpula
developed from a few to abiondant on all test panels, attaining lengths from
10 mm to 80 mm.

d. Arthropoda (cnastaceans ). Balanus (beoTaacles) occurred only
on the last k of the 15 control panels submerged for periods of a month each
from May 22 to August 22, 19^5. The maximum diameters recorded on any of
these panels was 12 mm, and the number on any panel did not exceed 25. They
occxirred only in small numbers on k of the 15 test panels, where a TnaTimurn

diameter of 8 mm was attained on one panel submerged for 8 months. Their
occurrence appears to have been merely sporadic.

A50 . 05 Summary and Conclusions

1. Install ation . A test board of the panel type was operated at the
U. S. KiavEil Operating Base at Palermo, Sicily, Italy, from August 21, 19kk
until its discontinuance on September 2k, 19^5 ^ to determine the identity
and prevalence of marine borers and fouling organisms occurring at this
location.
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2. Test Results .

a. Borers . Teredlnldae vere active throughout the period
covered Taj the test^ the hreedlng season at this location extending from
the middle of January to the middle of December. The attack rated very
destructive in "both 19kh and 19^5, with panels "becoming riddled withiii

5 snonths. Liwmoria also vere very active throughout the period covered by
the test, the attack rating very heavy in 19^5; "the last pemel received was
riddled. Chelura was not observed in the test panels until July 19^5

•

After this date> it occurred abundantly along with Llmnorla and continued

to be abundant until the termination of the test.

b. Foulinff Organisms . Silt, algae, and invertebrate animals

belonging to k phyla contributed to fouling of the panels. The latter

included hydroids, encrusting Bryozoa, serpulld worms, and barnacles. Of

these organisms, hydroids and serpulld worms occurred with great frequency,
while the occurrence of the others was merely sporadic.
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Section 51

ADAK, ALASKA. — U. S. NAVAL OPERATIC BASE

A5I.OI Location of the Test Station and Test Board

A test "board of the panel type, designated USMA-1, was installed

July 15, 19hk, at the U. S. Naval Operating Base at Adak, Alaska. No

other details of the location of this test "board are aTallatle, except that
it was suspended from, the center of Pier Wo. 9, located in Sweeper Cove in
SAluk Bay on the northeastern side of the Island.

The test "board was lost in November 19*4^ and a new one was installed
on January 11, 19^5* After the panels for September 19^7 were removed and
sent to the Laboratory, the test "board was lost a^in, and a new one was
installed on Decem"ber 15, 19^7, at the outboard end of Dock No. 9« The
operation of this test "board is Tieing continued. The test results have
"been summarized to the end of 19^7*

A51.O2 Hydrographlc Data

The depth of water where this test "board was installed was kO ft;

the tidal range was k ft; the current was negllgi"ble. The average
temperature of the water was given as 2° C (56° E). The salinity of the
water was not determined. "Very little pollution "by oil and sewage was
ohserved.

Where the new test "board was installed on December 15, 19^7, the
depth of water was given as 70 ft at mean low water. No pollution was
o'bserved.

A51.05 Marine Borers

1. Teredinidae . Teredlnidae occurred to a very limited extent at
this location in 19^6 and 19^7, and no "borers were recorded on either the
control or test panels in 19^^ or 19^5. On the control panels, only 10
minute pits were recorded in the panel suhmerged from Iferch 15 to April
15, 19^6, and a q.uestiona"ble pit was recorded in the panel su"hmerged from
May 16 to June 1^, 19^7- In the test panels, Teredinidae were recorded in
only 6 of the 57, and were limited almost 'entirely to 19^6, occurring in
only one panel in 19^7. These "borers ranged from minute pits to specimens up
to 80 ram In length in one pajiel removed on April 15, 19^6, after 7 months*
Bu'bmergence. In those panels where well-developed specimens occurred, the
maximum num"ber recorded was 19. The "breeding season at this location
appears to extend from March 15 to July 15. Bankia setacea was the only
species identified. The attack rated slight In 19^6 and only a trace
in 19hT,

2. Limaoria . Limnoria were more or less active in 19^6 and 19^7,
"but no specimens occurred in 19Ml- or 19^5 except for 5 tunnels recorded
on a single control panel in 19^5 • They occurred In only 12 of the 55
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control panels, and only In those panels submerged from the middle of

Decem'ber to the middle of Jane. In the test panels, they occurred in 19 of

the 57 "but mostly in very small numhers. The attack rated oiily a trace
most of the time "but attained peak ratings of slight in 19^6 and 19^7*

AJl.Oll- Fouling Ajiients

1. Silt . Silt occurred on all except k of the 37 control panels
and on all except 2 of the 57 test panels. Hie deposits ranged from traces
to ligjht on the control panels, and from traces to light, or rarely moderate,
on the test panels.

2. Algae . Traces of algae occurred on only 2 of the test panels.

3. Invertebrate animal phyla .

a. Coelenterata (hydroids ). Hydroids occurred on 9 control
panels and on 23 test psjiels. None was identified.

b. Annelida (marine vorms ). Serpiilid (Serpula ) tubes occurred
on only one test pajiel.

o. Arthropoda (crustaceans ). Balanus (barnacles) occurred on
7 of the 57 test panels. Maximum diameters recorded were 8 mm on the
control panels and 19 mm on the test panels after a submergence of 7
months. One of the control panels was 10^ covered, and Ik of the test
panels were from 50^ to Q% covered.

A3I.O5 Summary and Conclusions

1. Installation . A test board of the panel type installed July
15* 19^^; at the U. S. Naval Operating Base at Adak, Alaska, to determine
the identity and prevalence of marine borers ajid fouling organisms at this
location, is still being operated. The results of this test have been
sunimarlzed to the end of 19^7

•

2. Test Results .

a* Borers . Teredlnldae occiured to a very limited extent at
this location In 19^6 and 19^7; no specimens were recorded In 19kh or
1945, The attack rated only slight on 19l<-6 and only a trace In 19^+7. The
breeding season at this location appears to extend from the middle of March
through September. Limnorla also showed more or less activity In 19^6 and
19^7> "but no activity In 19¥»- or 19''<-5 except for 3 tunnels recorded on a
single control panel In 19^? • The attack rated only a trace most of the
time but attained a peak rating of slight In 19^6 and 19'4-7.
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"b. Fouling Orj^anlsmB . Silt, silgae, and invertebrate euiimals

contributed to fouling of the panels. The latter comprised hydroids,
marine vorms, and 'barnacles. Of these organisms, hydroids and barnacles
occurred vith great frequency, while the serpulid tubes, as well as the

algae, occurred on only one or 2 panels. These findings were unusual, in
that no Bryozoa, tunicates, or nonboring mollusks were recorded.

5. Recent Addenda . There were no Teredlnidae recorded at this
station in 1948 or 19^9 • Llmnoria rated in the low slight category both
years

.
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Section 52

DUTCH HAEBOR, ALASKA. -- U. S. HAYAL OPERATING BASE

A32.OI Location of Test Station and Test Board

A test toari of the panel type, designated loj the symbol USHDH-1,

was operated at the U. S. Naval Operating Base at Dutch Hartor In a hay on

the north side of Unalaska Island, AlasJca, fl:6m Jiily 1, 1914-4 to August 1,

I947, after which no further panels were received. It was later learned

that this Base was decomnlssloned on November 1, 194>, and that no qualified
personnel were avallahle at Dutch Harhor to continue the operation of this

test "board after that date. No Information waB given as to the exact loca-

tion of this test hoard.

A32.O2 Hydrographlc Data

The depth of water where the test hoard was installed was 25 ft,

the tidal range 3.6 ft, the current zero. The temperature of the water at

the time of installation was 46° F. The pollution was negligible.

A32.O3 Marine Borers

1. Teredlnldae . Teredlnidae occurred to a very limited eaitent at

this location in I945 and 1946, and none was recorded in either the control
or test panels in 1944 or 194?. In the control panels, only 5 emhryonic
and 8 Juvenile specimens were recorded on 2 panels suhmerged from March 1

to May 1, 1946. In the test panels, Teredlnldae occurred in U of the 57)
hut they occurred only during the months from March through July In 1945 and

1946, which Indicates the breeding season at this location. Thexnaximum
length attained was 54 mm on a panel submerged for 8 months, ststrtlng on
July 1, 1945. The largest number of specimens recorded on any one panel was
20 borers. BanJda setaeea was the only form identified. The attack rated
slight in 1945 and 1946 and none In 1947.

2. L^mnorla . Llmnorla showed slight evidence of activity through-

out the test, first appearing in the panel removed on December 1, 1944, after

a submergence. of 5 months. In the control panels, only 2 tunnels were
recorded in one panel submerged during March 1947. In the test panels,
Llmnorla occurred on 24 of the 37 but were absent on the first 4 panels.
The maximum number on aijy of these panels was 35, so that the attack rated
only a mere trace each year.

A32.04 Fouling Agents

1. Silt . Silt occurred on all the panels of both the control and
test series, except the first panel of each. The deposits on the panels of
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the control series raxiged from traces to oocaslonally light, while those on
the test series vere mostly light or rarely moderate.

2. Algae . Algae occurred on i|- of the 57 control panels and on 20
of the same number of test panels. The growths rated as traces on the panels
of the control series, and frcm tracer to light, or rarely moderate, on the
panels of the test series . Mo^t of these forms were green algae, hut a
hrown alga was noted on one test panel.

5. Invertehrate animal phyla .

a. Coelenterata (hydroids ) . Hydroids occurred on 12 control
panels and on 5^ test panels. They rated as traces on the panels of the
control series, and from traces to light, or rarely mioderate growths, on
those panels of the test series.

h. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa
occurred on 7 of the 57 control panels. Electra sp. was identified on one

panel. A single colony of a, filamentoas Bryozoa occurred on one of the
test panels.

c. Arthropoda (cirustaceans ). Balanus (harnacles) occiirred on
8 of the 57 control panels and on 55 of the same number of test panels. The
maximum diameter recorded was 6 mm on the control panels and 19 mm_on a test
panel submerged for 8 months. Three of the control panels were from 25^
to 70^ covered, and 25 of the test pajiels were from 25^ to 100^ covered.

d. Mollusca (nonboring mollusks ) . Two specimens of t^ytilus

(mussels), 8 mm in length, were recorded on a single test panel.

A52 . 05 Summary emd Conclusions

1. Installation . A test hoard of the panel type was operated at
the U. S. Naval Operating Base at Dutch Harbor, Alaska, from July 1, 19hh
to Augxist 1, 19^7, after which no further panels were received. This base
wafl decomissioned on Novemher 1, 19^7.

2. Test Results .

a. Borers . Teredinidae occurred to a very limited extent in

19^5 and 19^6, the attack rating slight in "both these years; no Teredinidae
occvirred in 19^+7 • The breeding season appears to- be limited to the period
extending from March through July. Linmoria showed slight evidence of activ-
ity throughout the test, but the attack rated only a mere trace each year.

b. Fouling Organisms . Silt, algae, and invertebrate animals
belonging to k phyla contributed to fouling of the panels. The latter In-
cluded hydroids, encrusting and filamentous Bryozoa, barnacles, £ind mussels.
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Of these organisme, hydroids and barnacles occurred with great fi*equency,^

the latter "being very abundant, while the occurrence of the other organisms

was merely sporadic or occasional. Algae also occurred with considerable

frequency on the panels of the test series. .

3. Becent Addenda . Panels of a new test board installed October 6,

19kd, ' has shown no Teredinidae and only a slight Limnoria attack up to the

end of 19^9.
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Section 53

EODLAK, KODIAK ISLAHD, ALASKA — U. S. NAVAL OPERATING BASE

A33 . 01 Location of the Test Station and Test Boards

Five test "boards of the panel type were installed July 15, 19^,
at different locations at the U. S. Naval Operating Base at Eodlei, Kodlak

Island, Alaska. Kodlak is located on Chinlak Bay on the eastern side of the

Island. The first of these test hoards, designated ty the symbol USWKA-1,

was installed at the Ten^jorary Pier (Cargo Dock) in Womens Bay. The second,

USKKA-2, was Installed at the Permanent Pier (Oil Dock) in Womens Bay. The

third, USNKA-5, was Installed at the Marine Railway in Womens Bay. The

fourth, USNKA-4, was installed at the Woody Island Plerj and the fifth,

USKKA-5, was installed at the Army Pier in St. Paul Harhor at Kodlak.

Previous marine investigations at KodlaJc had reveailed that "borer

activity was greatest at the mud line. The original drawing of the test

"board furnished this Base recommended 8 panels, num'bered from 1 to 8, ex-

clusive of the control panel, with the "board so suspended that the lower

panel would "be 2 ft above the mud line. Three additional panels,, moabered

9 to 11 inclusive, were added to the test "boards used at Kodlak, thus
carrying the test panels to the mud line.

The test "board at the Army Pier In St. Paul Har"bor was lost "by the

"breaking of the mooring chain after the panels were removed In November 19^5^
and evidently was not replaced, as no further panels from this "board were
received. On Decem"ber 21, I9U5, the test "board at the Marine Railways was
taJcen up and replaced by a new one for which the period of submergence was
reduced from 8 to i»- months. However, In January 19^7, the Naval Operating
Base advised that they were unable to remove the panels from the test "board

at this location, as freezing of the bay had made it inaccessible. (The

bay at this location remained frozen during February and March. ) In May,
the Base advised that the test boards at both the Marine Railway and the
Temporary Pier had been destroyed by ice, and apparently these boarde were
not replaced, as no further panels were received from either of these lo-
cations. The panels at the Woody Island Pier were lost on July 20, 19^7,
for some unknown reason, £ind a new test board was installed there on August
15. The test board at this location and that at the Permanent Pier In
Womens Bay are the only boards that are still being operated at Kodleik. The
results of these tests have been summarized to the end of 19^7.

A55.O2 Hydrographic Data

1. General . The depths of water where the test boards were In-
stalled were 28 ft at both the Temporary and Permanent Piers In Womens Bay
17 ft at the Marine Railway in Womens Bay, Ik ft at the Woody Island Pier,
and 18 ft at the Army Pier in St. Paul Harbor. The tidal range at all these
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locations was 17 ft. The range of teirperature of the water at the different
locations is given in the following table. The velocity of the cvirrent was
considered to he slight at all locations.

2. Pollution . Chiniak Bay receives sewage ft"om the Naval Operating
Base and from the town of Kodiak. The hay is ahout 8.8 miles hy 1.9 miles
and is landlocked on its western and southern sides, and on the southern
half of its eastern side. Elsewhere, it opens into the Pacific Ocean throu^
a series of straits hetween islands. On July 15, 19^^, five U-oz samples
of water, taken ahout 5 ft helow the surface at each of the locations^ at

which test hoards were installed, were collected for pollution determlnationa
Two cc of each sample were planted in Domlnick-Lauter medium. The sajiples

from the Tenporary Pier and the Army Pier were both strongly positive, and
the sample from the Permanent Pier was moderately positive to this quali-
tative test for the coliaerogenes group of hacteria. While the samples
from the Marine Railway and the Woody Island Pier were negative, it is be-
lieved that samples from all locations would give positive tests at one

time or another. It was concluded from this test that the water of the hay
is contaminated to a moderate degree.
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A53.05 Marine Borers

1. Teredlnldae . Teredinldae (Bankla setacea ) were more or less
active at all five locations, tut it is noteworthy that at each site they
failed to develop in the first k panels which were submerged on July I5 and
removed, one each month, up to November 15, 19*l-i|-. Moreover, on the control
panels they failed to develop for a much longer* period. No specimens
developed on the control panels until after February 20, 191^5, at the
Temporary Pier and Army Pier; after January -I6, 19k6, at the Permanent
Pier and Woody Island Pier; or after August 25, 19k6, at the Marine Rail-
way. It is quite evident, then, that Teredinidae simply did not occur
at these locations from the date of the beginning of the test to the
dates given above.

The control panels at all five locations showed very scanty
development of Teredinidae over very brief periods in comparison to the
rather extensive attacks recorded in tiie test panels. It is, therefore,
difficult to determine the breeding season at these localities, although
it appears to extend from late February to the middle of September, late
October, or even to late December at locations where Bankia setacea is
active and very destructive, as is the case at the Teixporary Pier.

At eJ.1 five locations, it was evident in each year of the tests
that Bankia setacea occurred in greatest munbers and was most destructive
in the lower panels of the test boards; namely, Nos. 8, 9, 10, and 11,
which would locate the TnaxImnTn attack close to the mud line. The detailed
figures on the occurrence of Teredinidae is summarized by locations as
follows

:

a. Temporary Pier . Teredinidae occurred as minute pits or
embryonic specimens in 7 of the 50 control panels and in 26 of the same
number of test panels, attaining a maximum length of k3^ mm in one of the
control panels removed on June 20, 19i^5, after having been submerged for
11 months. Panels 9 to 11, inclusive, were riddled in 19i^5; in 19U6,
panels 8 to 11, inclusive, were riddled. The attack at this location rated
very heavy both years.

b. Permanent Pier . Teredinidae occurred as minute pits in
5 of the 39 control panels in 191*6 and 19i<-7, but no specimens were recorded
in 19Mi- and 19lf-5. Teredinidae occurred in 35 of the 37 test panels, attain-
ing a maximum length of 35O mm in a panel removed on August I5, 1914-7, after
having been submerged for I3 months. None of the test panels was either
filled or riddled, although submerged for 11 months during 19l|-5 and 19^*6,
and for 12 months during 19l*7. The attack at this location rated moderate
in 1945, medium heavy in 191*6, but only slight in 1947.
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c. Marine Rallvay . Teredlnldae occurred as minute pits In

2 of the last 5 of the 28 cpntrol panels received In 19^6. They occxirred

In 20 of the 38 test panels, attaining a maTlmnTn length of ^kO mm In one

panel removed on June 20, 19^5, after having "been suhmerged for 11 months.

This pajiel showed the heaviest attack of any, "being veil filled. The
maximum attack at this location thus rated very heavy In 19^5 and only
a trace In 19^6.

d. Voody Island Pier . Teredlnldae occurred as minute pits
In only one of the 57 control panels. They occurred in 22 of the 37 test

panels, attaining a maximum length of 3OO mm in one panel removed on June

20, 19^1-5, after having "been submerged for 11 months. The attack at this
location rated moderate in 19^5^ medium heavy in 19^6, and only a trace
in 1947.

e. Army Pier . Teredlnldae occvirred as a few minute pits or
embryonic specimens in 5 of the 16 control panels and in 10 of the I6
test panels, attaining a msLximum leiagth of 3OO mm in 2 of the test
panels removed on July 20 and August 21, respectively, in 19^5^ after
having been submerged for 11 months. The attack at this location rated
moderate in 19^5.

2. Llmnoria . Llmnarja were more or less active at each of the five
locations. Their occurrence is summarized for each place as follows:

a. Temporary Pier . Limnoria occurred on 12 of the 30 control
panels, although none occurred until aJFter April I5, 19^5- Except for the
last psmel, which was left submerged for 5 months, the maximum number
occurring on any panel was 110. Llmnorla occurred on 18 of the 30 test
panels, but not on those panels removed up to July 20, 19^5- The attack
rated only a trace In 19^5 j and medium heavy late in 19k6 and early in
19^7, in panels left submerged for 11 and 125- months, respectively.

b. Permanent Pier . Llmnorla occurred in only k of the 59
control panels, althoiigh none occurred until after September 25, 19^6.
The maximum number on emy panel was 28. They occurred on all except the
first k of the 59 test panels. The four exceptions had been submerged
from one to h months each, respectively. The attack rated only a trace
in 19i)-5 and 19^6 and slight in 19^4-7.

c. Marine Railway . Llmnorla occurred on 9 of the 28 control
panels, although none appeared until after April 15, 19^5* The maximum
number on any panel was 25. They occurred on 27 of the 58 test panels. The
attack rated slight in 19^5 and medium heavy in 19^6.

d. Woody Island Pier . Llmnorla occurred sporadically in
8 of the 37 control panels, although none appeared until after August 21,

19^5. The maxifflom number was only k in any panel. They occurred In all
except 5 of the 57 test panels. The attack rated slight in 19'<-5, 19^6,
and 1947.
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e. Army Pier . Limnorla failed to develop in any of the
16 control panels, tut occurred in all except 3 of the same number of
test panels. The attack never rated more than a traxje in 19^5.

A53.Ql». Fouling Agents

1. Silt . Silt occurred on all the panels at all five locations
except on one control panel at the Permanent Pier, and on one test and
one control panel at the Marine Eailway. The deposits ranged from traces
to light on the control panels and from traces to moderate on the test
panels at the first four locations, hut at the Army Pier they rated as
mere traces on the control panels and from traces to light on the test
panels.

2. Algae . Algae occurred frequently on the panels at the Woody
Island Pier, but only rarely on the panels at the other four locations.
They occurred on a single test panel at the Temporary Pier, on k control
panels and one test panel at the Permanent Pier, on 2 control panels and
one test panel at the Marine Eailway, on 12 of the 57 control panels and
27 of the same number of test panels at the Woody Island Pier, and on k
control panels and 3 test panels at the Army Pier. At the four locations
where they occurred so infrequently, there were mere traces on the panels
in practically all cases. However, at the Woody Island Pier, where they
occurred quite frequently, the growths rated as traces to rarely light or
medium on the control panels and from traces to heavy on the test panels.
The algae were mostly green, "but red and hrown algae also occurred at the
Woody Island Pier.

3. Invertebrate animal phyla .

a. Coelenterata (hydrolds and Metrldium) . Hydroids occurred
with great frequency on the panels at all five locations. They were
present on 7 of the 30 control panels and 28 of the 30 test panels at
the Temporary Pier, on 9 of the 59 control panels and 55 of the 59 test
panels at the Permanent Pier, on 10 of the 28 control panels and 26 of
the 58 test panels at the Marine Railway, on 11 of the 57 control panels
and 33 of the same number of test panels at the Woody Island Pier, and
on 5 of the I6 control panels and ik of the same number of test panels
at the Army Pier. In most cases the growths were merely traces, hut
they rated up to light occasionally on the test panels at the Permanent
Pier and Marine Railway and up to moderate on the test panels at the
Woody Island Pier. Tuhularla was identified at the latter location.
A trace of Metrldium. - a memher of a different group of Coelenterata ,

waa recorded on 2 test panels at the Permanent Pier.

h. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa
occurred quite frequently on the panels at all five locations. They
occurred on 2 of the 30 control panels and 21 of the 50 test panels at
the Temporary Pier, on 2 of the 59 control panels and 50 of the same
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number of test panels at the Permanent Pier, on 26 of the 58 test panels

at the Marine Railway, on I5 of the 57 test panels at the Woody Island

Pier, and on 12 of the 16 test panels at the Army Pier. Two of the test

panels at the Permanent Pier were 20^ and 50^ covered, respectively,

after 11 months' suhmergence; one of the test panels at the Marine Rail-

way was lyjo covered after 5 months' suhmergencej two of the test panels

at the Army Pier were 10^ and 20^ covered, respectively, after 11 months'

suhmerger.ce . Crihilina sp
.

, Electra sp
.

, Hippothoa hyalina , Schizoporella

unicornis , and Tegella sp. were identified. Filamentous Bryozoa occurred

to a slight extent on the panels at four of the five locations. They
occurred on 6 of the 50 test panels at the Temporary Pier, on 2 of the 59
control panels and 8 of the 59 test panels at the Petrnianent Pier, on 2 of

the 57 test panels at the Woody Island Pier, and on 5 of the 16 test panels

at the Army Pier. Two 'of the test panels at the Permanent Pier were
"^Ojo and 50^ covered, respectively, after I5 months' submergence. Bugula

sp. was the only identification made.

c

.

Annelida (annelid worms ) . Serpulld (Serpula ) tubes

occurred more or less frequently on the test panels at all five loca-

tions, but appeared on only of the control panels. They occurred on a

single control panel and on h of the 5O test panels at the Temporary Pier,

on 7 of the 59 test panels at the Permanent Pier, on lU of the 58 test

panels at the Marine Railway, on 10 of the 57 test panels at the Woody

Island Pier, and on 9 of the I6 test panels at the krw Pier. They
occurred usually in small numbers, I60 being the maximum number recorded

on any one panel.

d. Arthropoda (crustaceans ). Balanus (barnacles) occurred
with great frequency on the panels at all five locations. They were
on 8 of the 50 control panels and 29 of the 50 test panels at the
Temporary Pier, on 12 of the 59 control panels and 57 of the same

number of test panels at the Permanent Pier, on 9 of the 28 control
panels and 5I of the 58 test panels at the Marine Eallvay, on k of
the 57 control panels and 25 of the same number of test panels at the

Woody Island Pier, and on 6 of the I6 control panels and all of the
16 test panels at the Army Pier. The specimens on the control peinels

were mostly embryonic to Juvenile, but specimens up to 7 ™i were recorded.

On the test panels, maximum diameters of I5 nmi in 11 months, I9 mm in 11
months, 12 mp in 8 months, 17 mm In 11 months, and I5 mm in 6 months were
recorded for the respective locations in the order listed. At the Tenpo-
rary Pier, 22 of the test panels were from. 20^ to 100^ covered. At the
Permanent Pier, 5 of the control panels were from 20^ to 75^ covered, and 50
of the test panels were from 25^ to 100^ covered. At the Marine Railway,

5 of the control panels were from lOJo to IOO5& covered, and 18 of the test

panels were from 10^ to 100^ covered. At the Woody Island Pier, 15 of the

test panels were from 25^ to 100^ covered. At the Army Pier, 15 of the
test panels were from ^Ojo to 100^ covered.
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MolluBca (non'borlng molluake ) . Miscellaneous mollusks
occurred occasionally, mostly in small munbers, at all five locations
as follows: Anomia (jingle -shells) occurred on 2 test panels at the
Temporary Pier, on a single control panel ajid k test panels at the
Permanent Pier, on 9 test panels at the Marine Railway, and on 2

test peuiels at the Woody Island Pier, 50 "being the maxLinum numher recorded
on any one pemel. Mytilus (mussels) occurred on 5 test panels at the
Temporary Pier, on a single control panel sind on 5 test panels at the
Permanent Pier, on 9 test panels each at the Marine Railway and Woody Island
Pier, and on 5 test panels at the Army Pier. The maximtim number on any
panel waB 500 minute specimens. Saiicava occurred on k test pajiels at the
Permanent Pier, on 2 test panels at the Marine Railway, on 3 test panels
at the Woody Island Pier, and on 5 test panels at the Army Pier, 50 being
the maxlmtm number on any one panel.

f. Chordata (tunicates ). The only evidence of tunicates
was il- specimens recorded on a single test panel at the Temporary Pier.

A35«05 Summary euid Conclusions

1. Installation . Of the 5 test boards of the panel type installed
July 15, 19i4-'4- at different locations at Kodiak, KodiaJc Island, Alaska, 5
were lost and discontinued after being carried away by ice, and the other
2 are still being operated. The results of the tests have been summarized
to the end of 19ii-7.

2. Test Results .

a. Borers . Teredlnldae were more or less active at each of
the five locations, but the Intensity of the attack varied at the
different locations and in different years. The attack at the Temporary
Pier rated very heavy in both 19^5 and 1946. At the Permanent Pier, it

rated moderate in 19^5* medium heavy in 19^6, but only slight in 19^7. At
the Marine Railway, it rated very heavy in 19^5 tut only a trace in 19^6.
At the Woody Island Pier, there was a moderate attack of Teredlnldae in

19^5, medium heavy in 19^6, and only a trace in 19^7. At the Army Pier,
the attack rated moderate in 19^5. Bankia setacea, the only species
present, clearly appeared to occur in greatest numbers and cause the most
destruction in the lower panels, which would locate the miaxlmuBi attack
close to the mud line. The breeding season appears to extend from late
February to the middle of September, late October, or even to late December
at locations where B. setacea is active and destructive. Limnoria also were
more or less active at all five locations and in different years. The
attack at the Temporary Pier rated only a trace in 19^5 and medium heavy
late in 19^6 and early 19^7. At the Permanent Pier, it rated but a trace
in 1945 and 19h6 and slight in 19'<-7. At the Marine Railway, it rated slight
in 1914-5 and medium heavy in 19^6.
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At the Woody Island Pier, It rated slight in I9U5, 19^6, and I9U7. At
the Army Base, it never rated more than the trace recorded in 19'^5.

h. Fouliiig Qrp^anisma . Silt, algae, and Invertehrate
animals belonging to 6 phyla oontrihuted to fouling of the panels. The
latter included hydroids, encrusting and filamentous Bryozoa, serpulid
worms, harnacles, miscellaneous nonhoring mollusks, and tunicates. Of
these organisms, hydroids and liarnacles occurred with the greatest fre-,

quency hy far, encrusting Bryozoa with less frequency, and serpulid worms
with still less frequency, while the occurrence of the other worms was
merely sporadic or occasional. Algae occurred frequently on the panels at
the Woody Island Pier, hut very rarely on the panels at the other locations.

3. Recent Addenda . There was no test hoard operated in 1914-8 at
the Temporary Pier in Womens Bay. A new hoard, operated during 19^9>
registered a trace of Teredinidae and a medium heavy attack of Limnoria .

At the Permanent Pier, there was a moderate attack hy Teredinidae in 19^8
hut none whatever in 19^9. Limnoria was rated &b low slight in 19^8 and
as a trace in I9U9 at this location. Teredinidae rated slight in I9U8
and a trace in 19^9 at the Marine Railway, where Limnoria was recorded as
slight in the former year and as moderate in the latter. The test hoard at
Woody Island Pier waB discontinued after 19^8, during which year it showed
a trace of Teredinidae and a slight attack of Limnoria . No hoard was
operated at the Army Pier during either year.
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Section 3k

SITKA, ALASKA — U. S. NAVAL AIR STATION

A34.01 Location of the Test Station and Test Board

A test board of the panel type, designated by the symbol

lBNSA-1, vas operated at the U. S. Naval Air Station at Sitka, Alaska,
from November 15, 19^^ lontil August l6, 191+6, when it was discontinued
because of the transfer of this Station to the Alaskan Native Service.
The test board was installed on the outside corner of the Harbor Island
Gravel Bunker Dock, about 6 ft from an airsenious-trioxide-treated pile.
This location exposed it to the tidal currents of Sitka Harbor.

The complete destruction of summer-cut Sitka spruce (with betrk

off) by Teredo action was reported to be a matter of record at this
Station. In order to combat this destruction of wooden marine struc-
t\ires, two types of treatment have been used on piling. The piling of
the New Navy Dock was treated with arsenioas trioxide, copper sulphate,
and zine sulphate. In April 19^6, it was stated that a recent inspec-
tion of this piling showed no Teredo action, and it was reported to
be sound. The pier at Old Sitka is a partially completed, cancelled
project. The piling used for this structure was treated by an elec-
trolytic open-tank process, in which copper sulphate, sulphviric
acid, and other chemicals were \ased. A small boat recently broke off
a sturdy-looking pile to which it was tied. The ensuing curiosity
lead to taking out several samples of electrolytic-treated piling. It
was found that all such piling was completely destroyed in less than
2 years after installation. The electrolytiq open-tank process is
considered valueless against Teredo activity in this area. Figure 7
shows considerable action on the exterior of an electrolytic, copper-
sulphate-treated pile, and figure 8 shows the interior of the sajne

pile completely riddled, with full-grown Teredos in view.

It is a matter of record that other installations with this
treatment have failed within a comparatively brief period.

A34.02 Hydrographic Data

The depth of water where the test board was installed was
10 ft at mean low water; the range of tide was 11 ft; the current
was one-fourth knot. The temperature of the water at the time of
installation was ^7° F. The average salinity of the water was ap-
proximately 1,^50 grains per gallon. The local pollution was sai'd

to be zero.
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A^^'O'i Marine Borers

1. Teredinldae . Teredlnidae ( Bankla setacea ) were more or less

active at this location throughout the period of the test. In the control

panels, only 2 embryonic specimens occurred, and these specimens were in

the panel submerged from July l6, 19^5* They occ\xrred in 12 of the l6 test

panels, attaining a maximum length of 290 mm in 8 months. Six, of the

panels were from 25^ to lOC^ filled in this time. The breeding season

at this location can not be exactly determined from the brief test because

of the extremely limited occxirrence of Teredinldae in the control panels,

but considering their occurrence in the" test panels, it appears to extend

from February to at least the middle of July. The attack rated very heavy

in 19^5 aiid medium heavy in 19^6.

2. Llmnoria . Limnorla were active at this location throughout

the dxiration of the test. They occurred in all except one of the control

panels, the maximtrai number being 850 in any one panel. They occurred in

every one of the test panels. From the time the test board was submerged

late in 19^^ there was a rapid Increase in the Llmnoria popiilatlon, which

attained a peak rating of very heavy in the panel removed on July I6, 19^5^
after 8 months' submergence. After reaching the peak rating, the attack
subsided somewhat, but again attained a peak rating of very heavy in the

8-month panel removed on January 15, 19^6. It again subsided noticeably,
but attained a rating of medl\m heavy in the panel removed on August 16,

19^6, when the operation of the test board was discontinued.

A3U.04 Fouling Agents

1. Silt . Silt occurred as traces on I6 of the 21 control panels
and as traces to occasionally light deposits on all of the 21 test panels.

2. Algae. Algae occurred on only one control panel emd on 11
of the 21 test panels. The growths were mostly traces but were light
occasionally. Most of these forms were green algae, but red and brown
algae also occurred.

3« Invertfebrate animal phyla .

a. Coelenterata (hydrolds

)

. Hydroids occurred as traces on
8 control panels and on I5 test panels.

b. Bryozoa (encrusting and filamentous) . Encrusting Bryozoa
occurred on 5 control panels and on I7 test panels . Cribillna annulata,
CryptoBula pallaslana , Electra monostachys , ELectr'a sp. , Tegella ujiicornls ,

and^ a member of l;he Alderinidae were identified.
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Filamentous Bryozoa occurred on 5 control peuaelB and on 10 test panels,

Bugula fla"bellata and Bugula sp. were the only farms Identified.

c. Annelida (annelid vorms ). Serpulid (Serpula ) tubes were
not present on any of the control panels tut occurred on 5 test panels.

d. Arthropoda (crustaceans ) . Balenus (barnacles) were
not present on any of the control panels hut occurred In sTnall numbers
on & test peinels, the maiimum diameter recorded being k mm after 8

months' submergence. A few amphipods occurred on one panel each of
both the control and test panels.

e. Mollusca (nonboring molluslm ). Miscellaneous nonboring
mollusks occurred occasionally as follows: Anemia (jingle-shells)
occurred on one control panel and on 6 of the 21 test panels. The
largest number on any one panel was 30, and the piqYi™'™ size recorded was
15 mm on a panel, submerged for 8 months. Hytilus (mussels) were not
present on the control panels, but occurred on 7 of the 21 test panels. The
mayimnTTi number on any panel was 60 , and the maximum length recorded was
ll4- mm on a panel submerged for 8 months. Traces of Pecten (scallops)
and Saxicava occurred on single test panels.

A5'4-.05 Summary and Conclusions

1. Installation . A test board of the panel type was operated
at the U. S. Naval Air Station at Sitka, Alaska, from November 15, I9UU
until its discontinuance on August I6, 1946, to deteimine the identity
and prevalence of marine borers and fouling agents at this location.

2. Test Besults .

a. Borers . Teredinldae were more or less active at this
location, the attack rating very heavy in 19^5 and medium heavy in
19^6. The breeding season is difficult to determine because of the
extremely limited occurrence of Teredinldae in the control panels and the
short duration of the test, but it appears to extend from February to at
least the middle of July. LiTtinorla were active at this location through-
out the period of the test, and the attacks attained peak ratings of
very heavy by the summer of 19^5 aJ^d again early in 19^6

.

b. Fouling Organlams. . Silt, algae, emd invertebrate
animals belonging to 5 piiyla contributed to fouling of the panels.
The latter Included hydroids, encrusting and filamentous Bryozoa, ser-
pulid worms, barnacles and amphipods, and nonboring moUusks. Of these
organisms, hydroids and encrusting Bryozoa occurred with the greatest
frequency; filamentous Bryozoa occurred with less frequency; while the
occurrence of the others, as well as of the algae, was merely sporadic
or occasional.
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Section 35

INDIAN ISLAND, HADLOCK, WASHINGTON — U. S. NAVAL MAGAZINE AND NET DEPOT

A55.Q1 Location of the Test Station and Test Board

A test "board of the panel type, designated by the symbol USNII-l,
vas installed July 18, 19^, at the U. S. Naval Magazine and Net Efepot at
Indian Island, Hadlock, Washington. It was placed at the southwest
comer of the dock on Indian Island, I50 ft out from the shore on the
eastern side of the southern end of Port Townsend, on a "branch of Admiralty
Inlet leading southward into Washington from the Strait of Juan de Fuca
"between northwestern Washington and Vancouver Island. The location is

east of Irondale and northeast of Hadlock in Jefferson County. The test
"board •vreis insteilled in the vicinity of untreated piling as requested.
(This location appears to have "been selected "because the piling at the
ferry landing ie treated, and the piling at the pier is steel. ) The
operation of this test "board is "being continued. Tlie results have "been

summarized to the end of 19^7*

Local experience with piling and dolphins indicated that aji

untreated tight-"barked pile would deteriorate in 10 to 12 months. It
was noted, howevei", that conditions have "been found to vary to a
great extent in various sections of the Sound. It was stated that this
pile wouJ-d "be good for 3 to 5 years in the Discovery Bay area, while
in the Qullcene Bay area, it would "be good for only 6 to 8 months.

A35.O2 Hydropg-aphic Ifata

The depth of water at the location where the test "board was
installed was 23 ft, the tidal range 7 to 10 ft, the current approximately
2^ knots. The temperature of the water at the time of installation was 55°
I". The salinity was given as 26.3 parts of chlorides as sodium chloride
per thousand. The pollution was reported to "be negligi"ble.

A35 . 03 Marine Borers

1. Teredinidae . Teredinidae (Bankia setacea ) were very active
throughout the period of the test. The attack was so destructive that
on Novem"ber 6, 19^5/ it was requested that the panels "be removed and
a new series installed which would "be submerged for k months instead of
the previous 8-month "basis. This change was made later in the month.

Teredinidae occiirred in 12 of the 38 control panels, ranging
from minute pits to em'bryonic or minute specimens. The "breeding season
was limited to the period beginning in the middle of March and running
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through December. There were specimens in all except 5 of the ^0 test
panels, some panels Tsecoming riddled in the short period of 6 months. All
except 2 of the 9 consecutiYe panels submerged from 6 to 8 months up to
October IS, 19^5^ were riddled, and one of these panels was well filled.

A maxlmiaa length of 56O mm was recorded in a panel sulamerged for 8 months.
Ihe attack rated very heavy in 19^5 and appeared to be equally heavy
in 19^6 and 19^7, although the period of sulmergence had "been reduced from
6 to Ij- months.

2. Limnoria . Limnoria were eictive throughout the period of the
test but never occurred in particuleirly destructive numbers. They occurred
in 21 of the 58 control panels, but there were never more than 125 in

any single panel, and no forms occurred until after March 18, 19^5. In
the test panels, they occurred in all except 2 of the 59> "but the attack
never exceeded a low slight rating in any one year.

A55,0I^ FoxLling Agents

1. Silt'. Silt occurred on 55 of the 58 control panels and on
all except one of the same number of test panels. In the control
panels, the deposits ranged from traces to occasionally light, while
on the test panels they ranged from traces to mostly light, and moderate
on one panel.

2« Algae. A trace of green algae occurred on e. single test panel.

5. Invertebrate animal phyla .

a. Coelenterata (hydroids and Metridium ) . Hydroids occurred
on 8 of the 58 control peinels emd on 28 of the same number of test
panels. They: rated as traces on the control panels emd from traces to
occasionally light growths on the test panels. A solitary specimen

of Metridlum» a member of a different group of Coelenterata , occurred
on a single test panel.

b. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa
were lacking on the control panels and occurred rather sparingly on
11 of the 59 test pajiels. Cal 1 ipora craticula , Cheiloporina praelonga ,

Cryptosula sp., Dendrobeania lichenoides , and ELectra sp. were identified.

Filamentoxis Bryozoa were lacking on the control panels but occurred
more or less abimdantly on 25 of the 59 test panels. Bugula -pacifica ,

B. flabellata , and B. sp. were the only ones identified.

c. Annelida (annelid worms ). Serpvilid (Serpula ) tubes like-
wise were lacking on the control panels, but they occurred on 10 of the 59
test panels, the largest number being 50 on any one panel.

d. Arthropoda (crustaceans ). Bft3.anus (beoTaacles) occurred on
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15 of the 59 control panels and on 55 of the same nuaiber of test panels.
Ten panels of the control series were from 25^ to 75^ coTered, and 22
fJanels of the test series were from 25^ to 100^ covered. A maximum
diameter of 7 ram was recorded on a control pajxel and 22 mm on a
test panel, after they had "been submerged for k months.'

e. Molluflca (nonhoring mollusks ). A solitary specimen of
Anomla (jinsle-shells), with a diameter of 6 ram after k months' submergence*
occurred on a single test peinel. Single specimens of t^ilus (mussels ^

occurred on two of the test panels, one attaining a length of 12 mm
after k months' suhmergence.

f

.

Chordata (tunicates ). Tunicates occurred on one control
panel and on 2 test panels. All were identified as Botryllus sohlosseri .

A55«05 Summary and Conclusions

1. Installation . A test board of the panel type installed July
18, 19'<-^, at the U. S. Naval Magazine and' Net Depot at Indlaui Island,
Hadlock, Washington, to determine the identity and prevalence of mwin©
"borers and, fouling organisms, is still "being operated. The resulta ©f
this test have "been suimnarized to the end of 19^7

•

2. Test Eesults .

a. Borers . Teredinidae were very active throughout the period
of the test, the "breeding season apparently lasting from the middle of
March through Decemher. The attack rated very heavy in 19^5 and appeared
to "be eq.ually heavy in 19^6 eind 19^7* although the period of suhmergence
was reduced from 8 to 4 months. Llmnoria also were active throughout the
period of the test, "but the attack never exceeded a low slight rating
in any one year.

"b. Fouling Organisms . Silt, algae, emd inverte"brate animals
belonging to 6 phyla contributed to fouling of the panels. The latter
con5)rised hydroids and Metridium , encrusting and filamentous Bryozoa,
serpulid worms, beirnacles. Jingle-shells emd mussels, and tunicates. Of
these organiams, baxnacles occurred with by far the greatest frequency
and abundance; hydroids, filamentous Bryozoa, emd encrusting Bryozoa with
regressively less frequency; while the occurrence of the others, as
well as the algae, was merely sporadic or occasional.

5. Recent Addenda . There was a heavy attack by Teredinidae at this
station in both 19li-8 and 1949. The Limnoria attack rated slight both
years.
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Section 56

SEATTLE, WASHUHGTON — U. S. HAYAL STATIOT

A56. 01 Location of the Teat Station and Test Boards

Teat "boards of the panel type were installed June I5, 19^+^, at
different locations at the U. S. Naval Station at Seattle, Washington.
One of these hoards, designated hy the symbol USNS-1, was installed at
the southwest comer of Pier No. 90. The other, designated "by the
symbol USNS-2, was Installed at the southwest comer of Pier No. 91.
Both piers are located in ELllott Bay, Puget Sound. The operation of
these test hoards is being continued. The results of these tests have
"been summarized to the end of 1947.

On Septeniber 15, 19hk, the Naval Station advised that the test
hoard at Pier No. 9I liad been destroyed. A new one was installed on
October 15. On August 20, 19it-5, the Naval Station advised that the
test board at this pier had a^ln been destroyed and had been replaced
by a new one on August 18. On February 15, 19k^, the Naval Station ad-
vised that the test board at Pier No. 90 had been destroyed. This
board was replaced by a new one on March 15 . On November 29, 19^5^ hews
came from the Naval Station that the test board at this pier had again
been destroyed. This board was replaced by a new one on February 8,
19h6.

It was found by pulling and testing piling from different areas
of the piers at this station that the piles.had been damaged by marine
borers so extensively as to lose their structural value. These piles
had been in place 11 months when they were pulled for tests. Figure 9
shows sections of an untreated pile, removed from Pier No. 91, which
was almost completely destroyed by marine borers,

A56.02, Hyarographlc Data

The depths of water where the test boards were Installed were
50 ft at Pier No. 90 and 53.5 ft at Pier No. 9I. The tidal range was
19.5 ft (from -4.5 to /l4.8 ft). The velocity of the current was tidal
flow only, but on October 15, 19^6, it was stated to be 600 ft per hour
measured by the U, S, Coast and Geodetic Survey Office. The measure-
ments were taken one hour before and two hours after low water. The
direction of the water current one hour before low water was 108°

j

after low water, 560° or due north. The tengjerature of the water at the
time of installation was 52° F at Pier No. 90 and 56° F at Pier No. 91.
The degree of polluticm was given as 10,000 Bacillus coll per 100 'cc.

By request of the Public Works Department of the Naval Station, analyses
were made at the Sanitary Engineering Laboratory on four san^jles of water
collected from Elliott Bay off Pier No. 91, following the completion of
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dredging operations in the vicinity of the test 'boards. The san^jles

were collected at 6-hovir intervals throxighout a 2k-la.oxxr period. Each'

sample was taken at such time as to carrespond approximately with high-
tide and low-tide elevations, occurring from 1200 on June 2l»- to O8OO on
June 25, 19*+^. The results of these determinations indicate that the
5-day B.O.D. of the waters of Elliott Bay at the point of collection
varies from U to 6 and averages h.^^ ppm. A chemical analysis of these
san5)les indicates that the salinity of Elliott Bay water, "based on the
sulphate (SO^) content and chloride (Cl) content, is l6,055 ppm or 1,6
percent hy weight.

A.36,03 Marine Borers *

1. Teredinidae . Teredlnidae (BanTria setacea ) were very active
at hoth locations throughout the period covered hy the tests. The attacks
were so destructive that panels were "becoming riddled in a few months.
The detailed figures coa the occurrence of Teredinidae at each of these
locations are summarized "below.

a. XJSHS-1 (Pier No. 90 ). Teredinidae , ranging from minute
pits to minute specimens, occurred in 2k of the 55 control panels, the
"breeding season extending from the middle of March to the middle of
January. They occurred in all except one of the 55 test panels, "being

absent in the first of the It-panel series. The maximum length recorded
was 280 mm. (a"bout 11 inches) in a panel su'bmerged for 5 mjcmths.. Sixteen
of these panels were either filled or riddled, and they "became riddled in
the short period of 5 months. The attack at this location rated very
heavy each year, "beginning with 19kk. (See figure 10.)

h, USHS-2 (Pier No. 91 ). Teredinidae , ranging from minute
pits to specimens up to it- mm in length, occurred in 22 of the 55 control
panels. At this location, the "breeding season clearly extended from the
middle of January to the middle of December. They occurred in all ex-
cept k of the k2 test panels, "being ahsent in i<- at the start of 5 differ-
ent series of panels. The maximum length recorded was 280 mm (about 11
Inches) in a panel su'bmerged for 5 months. Twenty-one of these panels
were either filled or riddled, and they "became riddldd in as short a
period as 5 months. The attack at this location rated very heavy in
19^5, 19^6, and 19^7. It dou"btleBS would have rated heavy also in lOkh
had not the test "been interrupted "by loss of the "board.

*

2. Limnoria . Limnoria also were active each year at each loca-
tion, "but never occurred in particularly destructive numbers. Their
occu3:*rence, which was the same for each location, is summarized as
follows :

a. USNS-l (Pier No. 90 ). Limnoria occurred irregularly on
20 of the 55 control panels, the maximum number of tunnels "being only 20

159



on any single, panel. They occurred on all except one of the 55 test
panels, "being atsent In only one panel at the start of a new series.
The attiack rated slight in 19^5 and merely a trace in 1946 and 19^4-7.

h. U5NS-2 (Pier Wo. 9l ). Limnoria occurred irregularly
on 17 of the 55 control panels, the maYimnTn number of tuone^ls "being only
h^ cm any panel. They occuired on 52 of the k2 test panels, "being a"bsent

on all the group of 8 su"binerged in August and removed in Octo'ber and
Hoveiaber 1955. The attack rated slight in 1945 and only a trace in 1946
and 1947.

A56.04 Fouling Agents

1. Silt . Silt occurred on all the panels of "both the control
aiid test series. The deposits ranged from traces to light on the con-
trol panels and from traces to moderate, and sometimes oily, on the test
panels.

2. Algae . A trace of a green alga occurred on a single test
panel at Pier No. 90.

5. Inverte"brate animal phyla .

a. Coelenterata (hydJolds ). Bydroids occurred on 15 of the
55 control panels and on 50 of the 55 test panels at Pier Ho." 90, and on
10 of the 55 control panels and on 57 of the 42 test panels at Pier No.

91. The growths rated as traces on the panels of the' control series, and
as traces, or rarely light, on the panels of the test series. Tu"bularia
was the only form identified.

"b. Bryozoa (encrusting and filajasmtous ) . Sacmsting Bryozoa
occurred more or less ahundantly on the panels at hoth locations. At
Pier No. 90 they were on 28 of the 55 test panels, and at Pier No. 91
they occurred on 4 of the 55 control panels and on 28 of the. 42 test
panels. Cheilopofina praelcaaga , Crl'billna sp., Cryptosula sp., Electra
sp., Lichenopora sp., Schizoparella unicornis , Schizoporella^ sp., and
Tegella unicornis were identified. Filamentous Bryozoa occurred more
or less a"bundantly on some of the test panels at "both locations. At
Pier No. 90 they occurred on 9 of the 55 test panels, and at Pier No. 91
they occurred on a single control panel and on 6 of the 42 test panels.
Bugula flahellaia and Bugula sp. were identified.

c. Annelida (annelid worms ). Serpulld (Serpula ) tubes
occurred on a single control panel and on 15 of the 55 test panels at
Pier No. 90, while at Pier No. 91 they occurred on only 2 test panels.
The' number on any one panel was small in most cases, "but 500 worms were
recorded cm one of the test panels at Pier No. 90.

d. Arthropoda (crustaceans ). Balanas ("barnacles) occurred
with considera"ble frequency and in great a"bundance on the panels at "both
locations. At Pier No. 90 they occurred on 11 of the 55 control panels
and on 24 of the sajne number of test panels, attaining a ma.xlmam
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diameter of 6 nm on the control panels and 11 mm on a test panel after

k months' submergence. At Pier No. 91 they appeared on 12 of the 35 con-

trol panels and on 23 of the l|-2 test panels, attaining a maximum diameter

of 6 mm on the control panels and 12 mm on a test panel after k months'

submergence. At Pier Wo. 90, 19 of the test panels were from. 2Cf^ to

100^ covered, vhile at Pier No. 91, 6 of the control panels were fl-om

25^ to 70^ covered and 17 of the test panels were from 20^ to 100^ covered.

e. Mpllusca (nonborin^ mollu8.ks ). A trace of t^llus
(iDUSsels) occurred on a single" test panel at each location. A length of

32 mm after h months' suhmergence was recorded for a single specimen at
Pier No. 90.

f. Chordata (tuQicates ) . Two colonies of tunicates occurred

on a single control panel at Pier No. 91.

A36.05 Summary and Conclusions

1, Installation . Two test boards of the panel type installed
Jtme 15, 19hk, at different locations at the U. S. Naval Station at
Seattle, Washington, are still heing operated. The results of these
tests have "been summarized to the e^d of 19^7.

• 2. Test BesiatB .

a. Borers . Teredinidae were very active at "both locations
,"

the "breeding season extending from the middle of March to the middle of

January at Pier No. 90 and from the middle of January to the middle of
December at Pier No. 91. The attack at "both locations rated very heavy
each year, with panels "becoming riddled in as short a period as 5 months
at each location. Limnoria also were active, the attack rating slight

at "both locations in 19Jt-5 and only a trace in 19h6 and 191^7.

"b. Fouling Organisms . Silt, algae, and lnverte"brate

animals "belonging to 6 phyla contri"buted to fouling of the panels. The

latter comprised hydroids, encrusting and filamentous Bryozoa, marine
worms, "barnacles, mussels, and tunicates. Of these organisms, hydroids

occurred with the greatest frequency; "barnacles and encrusting Bryozoa
occurred with less frequency-, while the occurrence of the others, as

well as the algae, was merely sporadic or occasional.

3. Eecent Addenda . The Teredinidae attack was very heavy at

Pier No. 90 during ISkQ and 19l»-9, and in "both years the Limnoria attack
rated as slight. The same situation o"btained at Pier No. 91 during
"both years.

161



Secticjn 37

BEE!ME3WOT, WASHINGSCCaff -- PUGEP SODHL UAVAL SHPTABD

A37 . 01 Location of the Test Station and Test Boards

Three test hoards of the panel tjpe were Installed June 16, 19^j
at different locations at the Pxjget Sound Naral Shipyard on the Sinclair
Inlet from Fuget Sound at Bremerton^ Washington. The first test hoards
designated hy the synibol USNFS-l, was Installed at the south end of the
Eeceiving Station Pier. The second, designated hy the synibQl USHPS-2,
was installed on the east side of Pier JSo. 1 (Fuel Oil Pier). The
third, designated hy the symbol IOIPS-3, was installed at the south
end of Pier No. 8.

On June 20, 19^6, the Shipyard advised that the test hoard
USKPS-3 at Pier No. 8 had heen removed, chain and all, hy an unknown
party, and that a new hoard had heen installed on June 19, 19^1-6. The
operation of these test hoards is heing continued, and the results of
these tests have heen summarized to the end of 19^7.

A37 . 02 Hydrographic Data

1. UBMPS-1 (Receiving Station Pier ) . The depth of water where
this test hoard was installed was 20 ft at mean low water. The, tidal
range traa. mean low water to mean high water was 11.7 ft; frca extpraie
low water to extreme high water it was 19.8 ft. The velocity of the
current was zero. The temperature of the water at the time df instaU.a-
tlon was 60° P, and further data are given in the tahle helow. The
pollution was very slight. The salinity of the water at the depth
of the test hoard was given as 1,000 grains per gallon on March SS, 19k6.

2. USHPS-2 (Pier No. 1 - Fuel Oil Pier ) , The depth of water
where this test hoard was Installed was 22 ft at mean low water, and the
tidal range was the sane as that given for the first location. The
current was zero. The temperature of the water at the time of Installa-
tion was 590 F. Further teniperature data are given In the tahle. The
pollution was very slight. The salinity of the water at the depth of
the test hoard was given as l,0ltO grains per gallon on March 28, 19k6.

3. TJ5HPS-3 (Pier No. 8). The depth of water where this test
hoard was InsteOled was 21 ft at mean low water. The tidal range was
the same as that given for the first location. The current was zero.
The temperature of the water at the time of Installation was 57° F, and
further tezoperature data are given in the tahle. The pollution was
very slight. The salinity of the water at the depth of the test hoard
was given as l,0l»O grains per gallon on March 28, I9U6.
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On December 9, 19k-6, the Shipyard advised tliat extensive dredging

operations had been in progress in the area between the Shipbuilding

Ways and the west boundary since May Ik, 19h6, and that these operations

had caused considerable turbidity in the water because of a large amount

of suspended silt. At that time, pollution tests showed Bacillus coll

heavy at the Receiving Station Pier and medium at the other two locations.

This extensive dredging continued until the end of 19^6, and dredging

continued in the vicinity of the Receiving Station Rler until the end

of March 19^7, when heavy pier construction in this area continued to

keep the water somewhat turbid as late as the middle of August 19^7.

The following record of temperature of the water in degrees F,

from readings made about the middle of each month, shows the general

range throughout the year at each location.
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installed, to "be operated on a 4-month tasis instead of the previous 8-month
basis. This change was made at all three locations on June 2k-. The

detailed figiires on the occurrence of Teredinidae at each of these locaticmfl

are summarized belov.

a. Eeceivin'=; Station Pier. Teredinidae occurred in I5 of

the 58 control panels, although no forms were recorded prior to- April I6,

1945^ and they made their appearance in only one panel after March 17,
1947. They ranged from minute pits and embryonic specimens to specimens
up to 10 mm in length. The breeding season appeared to be limited to
the period lasting from February through November. Teredinidae occurred
in kO of the ^5 test panels, although no forms occurred until September
16, 19kk. A maximum length of kk6 mm (18 in. ) was recorded after 8

months' submergence, and 9 of the panels submerged for this length of
time was filled x),r riddled. The attack at this location rated very
heavy each year after 19kk.

b. Pier Wo. 1 (Fuel Oil Pier ). Teredinidae occurred in
10 of the 58 control panels, although no forms were recorded prior to
April 16, 1945, or after March 17, 19^7. They ranged from minute pits
to juvenile specimens, but a maximum length of 45 mm was recorded in
one panel inadvertently submerged for 2^ months. The breeding season
appeared to be limited to the period lasting from February through
November. Teredinidae occurred in kO of the 45 test panels, with a
maximum length of 522 mm (21 in. ) recorded In a panel submerged for
8 months. Seventeen of these panels submerged for 8 or more months were
filled or riddled. The attack at this location rated very heavy each year
after 1944.

c. Pier No. 8 . Teredinidae , ranging from minute pits to

Juvenile specimens, occurred in 10 of the J>6 control panels, but only
2 minute specimens had appeared prior to June I6, 19^5* ^e breeding
season appeared to extend from February through November. Teredinidae
occurred in 58 of the 44 test panels, with a maximum length of 56O mm"
(about 22I in.) recorded in a panel submerged for 8 months. Of the panels

that were submerged for 6 or more months, I6 were filled or riddled.

The attack at this location rated very heavy each year after 1944.

2. Llmnorla . Limnorla were active at each of the locations
but occurred generally in small numbers. Their occurrence may be summarized
for each location as follows:

a. Eeoelvlng Station Pier . Limnorla occurred sporadically
on 12 of the 58 control panels, but were not recorded after March 17^
1947. The largest number on any one panel was 53 forms. They occurred
on 39 of the 45 test panels, but not until after October 16, 1944.
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The number on any one panel never exceeded a trace rating, except in
one panel removed early in 19^7 after 10 months' aulmergence, where
a peak low in the moderate rating was attained.

b. Pier Ho. 1 (Fuel Oil Pier ). Limnoria occurred in 19
of the 58 control panels, but no forms were recorded after June 2h,

1947. The largest number on any one panel was 75 forms. They also
occ\H'red on k^ of the k^ test panels. "-During 19^5 and 19^6 the attack
was merely low in the slight rating, but in 19^7 i"t attained a peak
rating of moderate.

c. Pier No. 8 . Limnoria occurred in 22 of the 56 control
panels. The largest number on any one panel was 115 forms. They occurred
on all except one of the hk test panels. The attack rated slight in
19^5^ attained a peak rating of moderate in 19^6, and lapsed to low in
the slight rating In 19^7.

It is of interest to note that panels made of a number of
different kinds of wood were used on all 3 test boards in 19^^.
The woods used included Douglas fir, western hemlock, western white
pine, and cedar. In addition, panels of Douglas fir with heartwood
and sapwood also were used. Unfortunately, the use of the different
kinds of wood did not always coincide with the incidence of the Teredo
attack. It was perfectly clear from an analysis of the results, however,
that one kind of wood was filled or riddled by Bankia aetacea as readily
as another, and it made no difference whether the Douglas fir panels were
of heartwood or sapwood. It is also relevant to note that western hemlock
has been recommended for piling by some engineers because of its alleged
resistance to attack by marine borers. Tlie results of these tests' clearly
show that this kind of wood was riddled by Bankia setacea and attacked
by Limnoria Just the same as were the other kinds of wood.

AJY.Oll- Foxaing Agents

1. Silt . Silt occurred on all the panels at all three locations,
except on 2 control panels at each location and on single test panels
at Pier No. 1 (Fuel Oil Pier) and Pier No. 8. The deposits mostly ranged
from traces to light on the panels of the control series and from light
to moderate on those of the test series.

2. Algae . A trace of a green alga occurred on a single test
panel at Pier No. 1 (Fuel Oil Pier). -

5. Invertebrate animal phyla .

a. Porifera (sponges ). Two 'small sponges occurred on a
single test panel at the Receiving Station Pier.
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t. Coelenterata (hydrolda and Metrldium ) . Hydrolds
occurred with great frequency on the panels at all three locations.
They were present on 17 of the 58 control panels and 58 of the ^5 test
panels at the Receiving Station Pier, on I6 of the 38 control panels
and k2 of the h^ test panels at Pier Wo. 1 (Fuel Oil Pier), and on 15
of the 56 control panels and 5^ of the hk test panels at Pier No. 8.

The gro^rths generally rated as traces on the panels of the control series

and from traces to light on the panels of the test series. Tuhularia
was identified at each location. A trace of Metridium occurred on a single
test panel at Pier No. 1 (Fuel Oil Pier) and on 2 of the control panels
and h of the test panels at Pier No. 8.

c. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa
occurred on one test panel at toth the Eeceiving Station Pier and Pier
No. 1 (Fuel Oil Pier) and on three test panels at Pier No. 8. Cryptosula
pallagiana was identified on one test panel at the last-named location.
Filamentous Bryozoa occurred more or less abvindantly on the panels at.

all three locations. They were present on 2 of the 58 control panels
and 15 of the ^5 test panels' at the Receiving Station Pier, on 5 of the 38
control panels and 10 of the 45 test panels at Pier No. 1 (Fuel Oil Pier),

and on a single control panel and 10 of the Wj- test panels at Pier No. 8.

Bugula sp. was identified on a panel at the last-named location.

d. Annelida (annelid worms ) . Traces of serpulid (Serpula )

tubes occurred on 5 test panels at the Receiving Station Pier and
on four test panels at both Pier No. 1 (Fuel Oil Pier) and Pier No. 8.

e. Arthropoda (crustaceaxis ). Balanus ("barnacles) occurred
with great frequency and in abundance on the panels at all three locations.
They appeared on 22 of the 58 control panels and on all k^ test panels
at the Receiving^ Station Pier, on 21 of the 58 control peuiels and all

45 test panels at Pier No. 1 (Fuel Oil Pier), and on 15 of the 56 control
panels and all except one of the hk test panels at Pier No. 8. On the

control panels, maximum diameters of 10, 10, and 8 mm were recorded, and
on the test panels, maximum diameters of 20, 20, and I6 mm, in 8 to 9
months, were recorded for the respective locations in the above order.

Many tubular forms, which develop as a result of crowding, occurred at

each location. The maximum length of these forms was 50 mta. At the
Receiving Station Pier, 8 control panels were from ^0^ to 100^ covered,
and k2 test panels were from 60^ to 100^ covered.

f. Mbllusca (nonboring mollusks ). %tilus (mussels)

occurred on ik of the 45 test panels at the Receiving Station Pier, on

a single control panel and 15 of the 45 test panels at Pier No. 1 (Fuiel

Oil Pier), and on a single control panel and 10 of the kk test panels at
Pier No. 8. The largest number occurring on any one test panel at these
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respective locations, in the order named, was 120, l60, and 20; their
maximum lens^hB were 40 mm in 10 months, 55 nm in 9 months, and 22 mm
in 8 months.

g. Chordata (tunicates ). Tunicates occurred on a single
control panel and 2 test panels at the Receiving Station Pier, on a
single control panel and 7 test panels at Pier Wo. 1 (Fuel Oil Pier),
and on a single panel of "both the control and test series at Pier No. 8.

A maximum number of 30 colonies on einy one panel was found. Botryllus
schlosseri was the only species identified.

A57.05 Summary eind Conclusions

1. Installation . Three test "boards of the panel type installed
June 16, 19^1-, at three different locations at the Puget Sound Naval
Shipyard, Bremerton, Washington, are still "being operated. The results
of these tests have heen summarized to the end of 19^7.

2. Test Results .

a. Borers . Teredinidae were very active each year at each
of the locations. The "breeding season appeared to extend from Fe"bruary
or March through Novem'ber. The attack rated very heavy each year after
19^ at each location, panels submerged for 8 months frequently "becoming
filled or riddled. Limnoria were active at each location but generally
occurred In small numbers only, the severity of attack varying at the
different locations and in different years. At the Receiving Station
Pier, it never exceeded a trace except on one panel removed early in
19'i-7 after 10 months' submergence, where a peak low in the moderate
rating was attained. At Pier No. 1 (Fuel Oil Pier), the attack was low
in the slight rating in 19^5 and 1946 but attained a peak rating of
moderate in 19^7. At Pier No. 8, it rated slight in 19^5, attained a
peak rating of moderate in 19^6, and lapsed to low in the slight rating
in 19i^7.

It became apparent from the use of panels made of a number of
different kinds of coniferous woods, including the heartwood and sapwood
of Douglas fir, at the three locations in 19Mi-, that Bankia setacea and
Limnoria attack one kind of wood as readily as another.

b. Fouling Organisms . Silt, algae, and invertebrate
animals belonging to 7 phyla contributed to fouling of the panels.
The latter comprised sponges, hydroids, encrusting and filamentous Bryozoa,
serpulid worms, barnacles, mussels and J.ingle-shells, and timicates. Of
these organisms, hydroids and barnacles occurred with great frequency;
filamentous Bryozoa and mussels occurred with moderate frequency; while
the occurrence of the others, as well as the algae, was merely sporadic
or occasional.
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5. Recent Addenda . At the Receiving Station Pier, there was
trace of Teredinidae in 19^8 and a slight attack in 19^9- Llmnoria
rated a trace in "both years at this location. The Teredinidae attack
was heavy in 19^8 and very heavy in 19^9 at the Fuel Oil Pier, where
the attack "by Llmnoria rated a trace in hoth years. A medium heavy
onslaught of Teredinidae and a slight attack of Limnoria was recorded
in hoth 19i^8 and 19i)-9 at Pier No. 8.
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Section 58

TACOMA, WASHINGTON — TODD PACIFIC SHIFYAEDS, IMC.

A58 . 01 Location of the Test Station and Test Board

A test "board of the panel type was operated at the Todd Pacific
Shipyards, Inc., at Tacoma, Washington, from September 15, 19''<^ until
March 19, 19^6, when it was discontinued. This board was located approxi-
mately 180 ft from the north end of Outfitting Pier No. k, which is

approximately 2,880 ft long, located in the Wapato Waterway. It was
placed in the axea showing the greatest degree of infestation hy marine
horers. Original diver inspections and subsequent removal of piling
from the dock has indicated a substantially greater degree of infesta-
tion on the piling where the mud line was in deeper water. This test
board was designated by the symbol USNTWrl.

A58 . 02 Bydrographic Data

The depth of water where the test board was installed was 27.5
ft at low tide; the tidal range was given as I6 ft frcan extreme low
to extreme high tide; the velocity of the cuj^rent was not reported.
The temperature of the water at the time of installation was 57° F
at high tide and 56° F at low tide (temperatures taken 27 ft below sur-
face at both high and low tides). In both instajices, the temperatvire
was taken at minus 15 ft below 0.0 water. Eight 8-in. sanitary sewer
lines expelled sewage under this dock from toilet facilities serving
approximately 15,000 people dally. One 8-ln. sewer line outlet was
located approxi.Tnn.tely 75 ft from the test board.

A58 . 05 Marine Borers

1. Teredlnidae . Teredlnidae , Including Bankla setacea and
Teredo (Lyrodus ) sp . , were active throughout the period of the test,
occurring in 11 of the 19 control panels and in all except 2 of the 26
test panels. Of the control panels, two submerged for k months were
5050 filled; one submerged for 5 months was 75^ filled; and two submerged
for 6 and 7 months, respectively, were completely filled. Specimens
up to 80 mm long were found in one of the panels submerged for k months.
The breeding season extends from the middle of December to the middle
of November.

One of the test panels exposed for k months was filled with
specimens up to 190 mm in length. All 11 pajiels submerged for from
5 to 8 months were riddled, and several were at least half destroyed, with
specimens ranging up to 550 mm in length. The attack by Teredlnidae
at this location rated very heavy and appears to be continuous throughout
the year.
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2. Limnoria . Limnorla occurred in 6 of the 19 control panels
and in 19 of the 26 test panels. In the test pajiels there was a slow,
"but more or less gradual, "build-up from the "beginning of the test, "but

the maximum attack, even after 8 months' exposure, did not exceed a
low slight rating and rated only a trace most of the time.

A58.04 Fouling Agents

1. Silt . Silt occurred as traces on 15 of the 19 control
pajiels and as traces to light deposits on 25 of the 26 test panels.

2. InYerte"brate animal phyla .

a. Coelenterata (hydroida ) . Hydroids occurred as traces
on 7 of the 19 control panels. They also occiirred as traces on the
first ik of the test panels submerged up to NoTem"ber 15, 19^5* 'but

no forms occurred thereafter. Bugula flabellata was the only form
identified.

"b. Bryozoa (encrustinp; and filamentous ). Encrusting
Bryozoa were lacking on the control panels "but occurred on l6 test
panels. Tlieir occurrence on the latter resem"bled that of the hydroids
in that, with the exception of the first panel, they occurred regularly
on all panels removed "before Novem"ber 15, 19^5, but occurred subsequently
only on the last 2 panels in the test. They ranged from a few up
to 55 colonies per panel. Schizoporella unicornis was identified
repeatedly; Cheiloporina praelon^ca also was identified. Filamentous
Bryozoa were recorded on only 5 of "the test panels.

c. Annelida (annelid worms ). Traces of serpulid (Serpula )

worms were recorded on only k test panels.

d. Arthropoda (cr-ustaceajis ). Beilanus (barnacles) occurred
on only 2 control panels, where the maximum diameter was 2 mm. On
the test panels, they occurred regularly on all panels removed from July 6
to November 15, 19^5^ after 8 months* su'bmergence. One panel was
10^ covered; one, kO^; one, 50^; and three, 100^. Strangely, however,
despite their abundance during this period, there were no barnacles on
the test panels at ajiy other time. The maximum diameter recorded was
15 mm in a panel su"bmerged 8 months.

A58.05 Summary emd Conclusions

1. InstaJLlation . A test board of the panel type was operated
at the Todd Pacific Shipyards, Inc., at Tacoma, Washington, from September
15, 19^ until its discontinuance on March 19, 19^6, to determine the
identity and prevalence of marine borers and fouling agents at this
location.
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2. Test Besiats .

a. Borers. The attack "by Teredinldae at this location
rated yery heavy; the "breeding season appears to extend from the
middle of December to the middle of Novemher. All panels exposed for
five or more months were riddled, and several were at least half destroyed.
Limnoria. were active throughout the test, "but the maximum attack, even
after 8 months' suhmergence, did not exceed a low slight rating aind

rated only a trace most of the time.

l>. Fouling Organisms . Silt and invertebrate animal

s

belonging to it- phyla contributed to the fouling of the panels. The
phyla included hydroids, encrusting and filamentous Bryozoa, searpulid
worms, and barnacles. Silt occurred with great regularity on nearly
all the panels. Hydroids and encrusting Bryozoa ocCttrred with great
regularity during the first half of the test, but hydroids failed to
occur subsequently, and encrusting Bryozoa did not appear again until
at the end of the test. Barnacles were present in great abundance on
a series of test panels submerged at monthly intervals during a period
of 6 months, but failed to occur on test panels at any other time.
The occ:irrence of filataentous Bryozoa and serpulid worms was only occasional.
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Section 59

ASTORIA, OREGON — U. S. MVAL STATION TOH&UE POINT

A59.01 Location of the Test Station and Test Board

A test TDoard of the panel type was installed at the U. S. Niaval

Station at Astoria, Oregon, on July 18, 19^^ > and operated until Feb-
ruary 18, 19^6. It was later requested that the operation of this
test hoard he discontinued hecause no marine horers were present at
this location. The station is located ahout 8 miles upstream from the
mouth of the Colitmbia River, i.e., from where the river empties into the
Pacific Ocean. The test hoard was located at the extreme north end of
Pier No. 2 and was designated hy the symbol USNAO-1.

The port of Astoria docks, which were leased by the Navy Department,
•fere constructed between 191^1- and 1921, and the original piling was still
in place in 19hh. The piling was reported to he in excellent condition
helow the low water level, hut it had rotted out between the tidal ranges.
The piles under the docks had been cut off at approximately the 5-f't

elevation and reposted up to the main decks of the piers. The maximum
decay occurred close to mean high water, but there had been absolutely no
indication of decay or of disintegration of the piles below meaui low
water. Moreover, there had been no indication of any wooden piling at
this Station having been damaged by marine borers.

A59 . 02 Bydrographic Data

The depth of water at the location where the test board was
installed was 18.1 ft below mean low water; the tidal range was 12 ft
(from -2 to /lO ft); the current was reported to vary from to 6 knots.
The temperature of the water at the time of installation was 65° F. The
saJLinity of the water surrounding the Naval Station varies greatly each
day, ciianging from nearly 100^ fresh at ebb tide to a considerable salt
content at flood tide. The water carried considerable silt, but was not
strongly polluted with acids because of the large volume of flow.

A39.O3 Marine Borers

There was no evidence whatever of activity of any marine borers
during the approximately li--year period covered by the test. In fact,
the daily variation of the water from saline to practically fresh water
woTold preclude the possibility of either Teredinidae or Limnoria becoming
established at this location.

A'^9.0k Fouling Agents

1. Silt. Silt occurred on all the panels of both the control
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and test series except on 2 of the former. The deposits ranged from

traces to light on the panels of the control series, and froiii moderate

to heavy, and occasionally oily, on the panels of the test series.

2. Inverte"brate animal phyla .

a. Coelenterata (hydroids ). Hydroids occurred as traces

or light growths on 12 of the control panels, althcpugh no f03rms occurred

on any of the k removed after Octoher 18, 19^5. They occurred on all

of the 19 of the test panels, the growths "being mostly moderate or heavy.

"b. Arthropoda (crustaceans ). Barnacles occurred on only 2

of the 19 control panels and on 6 of the same number of test panels.

One of the test panels was 2^f> covered. Maximum diameters of 4 mm were

recorded on the. control panels ajid 12 ram on a test panel which had
been submerged for 8 months . Amphipods (mostly Corophium ) occuarred on
10 control panels and on l6 of the 19 test panels, frequently "being

numerous, particularly on ihe test panels.

A59 • 05 Summary and Conclusions

1. Installation . A test "board of the panel type was operated
at the U. S. Naval^<Stat±on at Astoria, Oregon, from July 18, 19^^
until its discontinuance on Fe"bruary 18, 19^6, to determine, the identity

and prevalence of marine borers and fouling organisms occurring at this

location,

2. Test Eesults .

a. Borers . There was no evidence whatever of activity of

marine borers during the approximately 1^-year period covered by the

test. The daily variation of the water from saline to practically
fresh would preclude the possibility of either Teredinidae or Limnoria
becoming established at this location.

b. Fouling Organisms . Silt and invertebrate animals
belonging to 2 phyla contributed' to the -fouling of the pemels. The

invertebrate animals comprised hydroids, and barnacles and amphipods, the

latter being largely Corophium. Of these organisms, the hydroids
occurred with considerable frequency, Corophium occurred with less-

frequency, and barnacles occurred with still less frequency.
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Section kO

VALLEJO, CALIFORNIA — MAEE ISLAND NAVAL SHIECAED

a40.01 Location of the Test Station and Test Boards

Three test "boards of the panel type were Installed June 20 and
21, 19^, In different locations at the Mare Island Naval Shlpy;ard,
Vgillejo, California. Jfere Island is located at the eastern side of
San Pablo Bay, and the piers where the test hoards are located are
in Mare Island Strait, sometimes called the Napa Elver, "between Mare
Island and Yallejo. The first of these test hoards, designated by
the symbol USNMI-l, is located near the north end of the Shipyard on
the south side of the east end of Shipbuilding Ways No. 8. The second,
designated by the symbol USNMI-2, is located near the south end of
the industrial yard, on the north side of Finger Pier No. 21 about
50 ft west of the eastern end. The third, designated by the symbol
tJSHMI-5, is located near the southeastern end of Mare Island, about
15 ft from the southeastern corner of the Naval Anmrunition Depot
Pier, at Berth 54-E.

The test board at Finger Pier No. 21, which was lost sometime after
the panels were removed, was replaced by others on September 21, 19Mi-;

a new board was installed about 5 ft inboard from the old location on
December 23. On October 25, 19^5 it was reported that the test
board at Finger Pier No. 21 was lost because of ship movements or
tides, and that the board at the Naval Aamunition Depot Pier was
swept under this pier and was fouled, so that it could not be withdrawn
until favorable low tides would permit dismantling. Both boards
were replaced by new boards at the same locations on December 6, 19l»-5.

The operation of these test boards is being continued. The results
of these tests have been summarized to the end of 191*7.

Al|-0.02 HydrograTihic Data

1. USHMI-1 (Shi-pbuilding Ways No. 8 ). The depth of water
where this test board was Installed was 9 ft below mean low water. It
was installed with its lower end at a depth of 7 ft and its top at a
depth of one ft below mean low water. The usual rsmge of tide was 6.2
ft from mean low water to meem high water. The extreme high water
(Febmary 13, 1938) was 9.5 ft above mean low water. The extreme low
water was 2.6 ft below mean low water, emd the extreme indicated variation
in the water was 12.1 ft. The velocity of the current in Mare Island Strait
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varies with the stage of the tide, reaching a maximum of approximately
k miles per hovir. The temperature of the water at the time of installation
was 64° F. A sample of. the channel water, taken in the immediate
vicinity of the test Ijoard on June 26, 19^^^ contained 12,620 ppm of
salt. During the one-year period prior to the installation of the
test board, the salinity of the channel water varied from approximately
4,000 to 24,000 ppm. The water had a dirty, muddy-brown color and
contained some visible foreign material.

2. USIMC-2 (Flnf^er Pier No. 21 ). The depth of water where this

test board was installed was 22 ft below mean low water. The board was
installed with its lower end at a depth of 20 ft and the top at a
depth of ik ft below mean low water. The tidal range and velocity are
the same as the readings given for the first test board. The
temperature of the water at the time of installation was 64° F. A
sample of the chajinel water taken Jtme 26, 1944, in the immediate vicinity
of this test board contained 12,920 ppm of salt. The water was moderately
dirty and contained some visible foreign material.

5, 'USHMr-3 (Naval Ammunition Depot Pier ). The depth of water
where this test board was Installed was 20 ft below mean low water. The
board was Installed with its lower end at a depth of l6 ft and the
top at a depth of 10 ft below mean low water. The tidal range ajid

velocity are the same as the readings given for the first test board.
The tenrperature of the water at the time of installation was 65° F.

A sample of the channel water taken in the Immediate vicinity of the
test board on June 26, 1944, contained 15,260 ppm of salt. The
water was moderately dirty.

Further data on the temperature and salinity records, as well
as on the pH refection of the water at these locations, are given in
the three following tables:
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Record of the pH reaction of the water, tased on readings

made at various times each month, showing the general range

throughout the yeeir at each location

Month



t. Finder Pier Ho. 21 . Teredlnidae occurred In 8 of the
52 control pemels, but there were none in the panels removed from
Septeniber 21, 19l;4 to May 25, 19^7, with the exception of the panel
su'bmerged from September 5 "to October 9> 19^6. They ranged from minute
pits to specimens up to 42 mm in length. The "breeding season at this
location appeared to extend from the middle of May through October.
Teredinidae occurred in 16 of the 52 test panels and again none occurred in
the panels removed from Septemher 21, 19^; to Septanber 5> 19^6, hut they
did occur in every pajael thereafter. A maximum length of 520 mm (about
15 inches) was recorded in a panel submerged for 9 months. The last
2 of these panels were filled. At this location there was no attack
in 19^5; the attack in 19l|-6 rated moderate; and in 19^7, very heavy.

c, Hiaval Ammunition Depot Pier . Teredinidae occurred in
6 of the 52 control panels here, but there were none in the panels removed
frcaa October 25, 19^ "to May 25; 19^7 > except in the panel submerged
from September 5 to October 9j 19^6. The specimens ranged from minute
pits to individuals up to 25 mm in length. The breeding season
appeared to extend from the middle of May through October. Teredinidae
occurred in 25 of the 55 test panels, with a maximum length of 155 ram

recorded on one panel submerged for 8 months. Six consecutive panels
removed from late 19M«- to early 19^5 were riddled, and one panel taken out
in 1914-7 was filled. The attack at this location rated very heavy in l^kk and
19^5* moderate in 19^6, and very heavy in 19i»-7.

2. LjBinoria . No evidence of Limnorla occurred in either the
control or test panels at any of the three locations.

Al^O.Ol^• Fouling .Agents

1. Silt . Silt occurred on all the panels except 2 of the
control panels at Shipbuilding Ways No. 8. The deposits, in general,
ranged from traces to light or rarely moderate on the panels of the
control series and from light to moderate on the panels of the test
series,

2. Algae . Traces of green algae appeared on a single panel of
each of the control and test series at Shipbuilding Ways No. 8.

5. Invertebrate wri-tTnai phyla .

a. Ooelenterata (hydroids ). Hydroids occurred with great
frequency on the panels at all locations. They were on 25 of the 57
control panels and 56 of the 58 test panels at Shipbuilding Ways
No. 8 on Ik of the 52 control panels and 27 of the 52 test panels at
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Finger Pier No. 21, aiid on 2k of the 55 control panels and 51 of the
52 test panels at the HiaTal Ammunition Depot Pier. The growths generally
rated as traces or rarely moderate on the panels of the control
series and from traces to moderate on the panels of the test series.
Tubtilaria occurred at all locations, and Pennaria sp. vas identified
at the Ifeival Ammunition Depot Pier.

"b. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa
occurred more or less ahundantly on the panels at all locations. They
were on 2 of the 57 control panels axid 15 of the 58 test panels at
Shipbuilding Ways No. 8, on li- of the 52 control panels and 8 of the
same nuniber of test panels at Finger Pier No. 21, and on a single on©
of the 55 control panels and 15 of the 52 test panels at the Naral
Ammunition Depot Pier. Eleotra sp. was the only form identified, and
this form occurred at all three locations. On© of the test panels at
Shipbuilding Way6 No. 8 was 50^ covered and one test panel at the
Naval Ammunition Depot Pier was 25^ covered. A trace of a filamentous
Bryozoan (Bugula sp.) occurred on a single control panel at the Naval
AnjmuMtiojp; Depot Pier.

c. Arthropoda (orastaceans ). Balanms (beu:Tiaoles ) occurred
with great frequency and ahmidance on the panels at all three locations.
They were on 25 of the 57 control panels and all 58 of the test panels
at Shipbuilding Ways No. 8, on 20 of the 52 control panels and 27 of
ttie same number of test panels at Finger Pier No. 21, and on 25 of the
35 control panels and 29 of the 52 test panels at the Naval Ammunition
Depot Pier. On the control panels, maximum diameters of 9* 8, and
8 mm were recorded for the locations in the above order, while on
the test panels, mBTlnnm diameters of I8, 12, and Id mm were attained
in 8, kf and 8 months, respectively. At Shipbuilding Ways No. 8,
20 of the control panels were k<yf) to 100^ covered, and all 58 of the
test panels were 20?^ to 100^ covered. At Finger Pier Ho. 21, 15 of
the control panels were 50^ "to 90?^ covered, and 25 of the test panels
were 5^ to lOQ^i covered. At the Naval Ammunition Depot Pier, 18 of the
control panels were kO^ to 100^ covered, and 21 of the test panels were
50^ to 1005^ covered. Corophium occurred on a single test panel at
Shipbuilding Ways No. 8, on k of the test panels at Finger Pier No. 21,
and on 5 of the test panels at the Naval Ammunition Depot Pier, the
largest number appearing on any pamel being 100 forms. Other amphipods
occurred on 5 of the test panels at both Finger Pier No. 21 and the Naval
Ammunition Depot Pier.

d. MolluBca (nonboring mollusks ). ^^iluB (mussels)
occurred on 20 of the 58 test panels at Shipbuilding Ways No. 8, on
2 of the control panels and 15 of the test panels at Finger Pier No. 21,
and on 7 of the control panels and 25 of the test panels at the Naval
Ammunition Depot Pier. A maximum length of 17 mm was recorded on the
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control panels, and maximum leiagths of kO, 38 > Buad. k2 mm were recorded
on the test panels at these locations in d^, S, and 9 months, respectively.
At Shipbuilding Ways Wo. 8, 2 of the test pamels were 60^ to 100^ covered,
and at the Naval Ammunition Depot Pier, K of the test panels were 25?^

to 100^ covered.

e. Chordata (tunlcates ). A few colonies of tunicates
(BotryllTis schlosseri ) occurred on a single test panel at Finger Pier
Wo. 21.

kkO . 05 Summary sjad Conclusions

1. Installation. Three test toards of the panel type installed
at different locations at the Mare Island Naval Shipyard at Vallejo,
California, on June 20 and 21, 19kh, are still "being operated. The
results of these tests have been summarized to the end of ISl^l.

2. Test Results .

a. Borers. Teredlnidae were active at all locations
throvighout most of the period covered by the tests, the breeding season
at each place apparently extending from the middle of Jfeiy through
October. At Shipbuilding Ways Wo. 8, the attack rated very heavy in
19i|-5, moderate in 19^6, and very heavy in 19^7. At Finger Pier Wo. 21,
there was no attack in 19^5* only a moderate one in 19^6, but a very
heavy attack in 19^7. At the Naval Ammunition Depot Pier, the attack
rated very heavy in IS'kh and 19^5 » moderate in V^G, and very heavy
in 19^7. No evidence of Limnoria occurred in either the control or
test panels at any of the three locations.

b. Fouling Organisms . Silt, algae, and invertebrate
animals belonging to 5 phyla contributed to fouling of the pemels.
The latter comprised hydroids, encrusting and filamentotis Bryozoa,
barnacles and araphipods, mussels, eind tunicates. Of these organisms,
hydroids and barnacles occurred with greatest frequency, with the latter
in unusual abundance; mussels occurred with considerable frequency;
encrusting Bryozoa occurred with less frequency; and the occurrence of
the others, as well as the algae, was purely sporadic or occasional.

5. Recent Addenda . The Teredlnidae attack was moderate in ISkQ
and slight in 19^9 at Shipbuilding Ways Wo. 8. There was no evidence
of Llmnoria either year at this location. At Finger Pier Wo. 21,
a medium heavy attack of Teredlnidae occurred in 1948, and a moderate
attack occurred in 19^9. Again, no Llmnoria occurred either year at this
location. Examination of panels from the test board at the Naval Ammunition
Depot Pier revealed a moderate Teredlnidae attack in 19^8 and a medium
heavy onslaught the following year. Wo Llmnoria at all made their
appearance either year on this test board.
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Section kl

SAW FRAiroiSCO, CALIFORNIA — SAN FRAHCISCO MYAL SHIPYAED

Alj.1.01 Location of the Test Station suid Test Board

A panel-type test board was Installed on July 5; 19^» at
Hunter's Point, San Francisco, California, at the station formerly
known as the U. S. Naval Itrydocks, but now designated the U. S. Naval
Shipyard, When an attempt was made to remove the first panels on August
12, it was discovered that the board was missing. A new one was at
once installed, and the test is considered to have begun on the
last-named date.

The board was installed at the end of the second pier east of
Drydock No. 5 between berths 57 and 58. This pier, a timber structure,
extends l|-00 ft into San Francisco Bay. This test board was designated
by the symbol USNMI-li-. The operation of this test 'board is being
continued, and the results of the test have been siammarized to the end
of 19^7.

The destructive attacks oy I'eredlnidae in the San Francisco Bay-

region have long been of major concern, and a number of intensive
studies of the situation. have been made and published. The destructiveness
of Teredlnldae Is well illustrated in figure 11, which shows axi untreated
Ponderosa pine pile from the storage boom dolphin at Hunter's Point,
which was driven on February 8, 19^3* and broke on June 18, 19^3«

AlH . 02 Bydrographlc Ifata

The depth of water where the test board was Installed was 26 ft
at mean low water. The tidal range was 9 ft, with a mean range of 6 ft.

The current velocity was given as 2.2 knots (a,t time of tropic currents).
The temperature of the water at the time of the original installation
in July was 6h° F. Two samples of water from the Bay, taken 25 ft
below mean low water, were submitted to the Industrial Laboratory for
analysis of salinity in 1946. One taken at SubBase (end of Pier B),
2 hours after low tide on March 20, showed a salinity (expressed as
sodium chloride) of 23.1 parts per thousand. The second, taken at
SubBase (head of Pier B), at high tide on March 21, showed a salinity
(expressed as sodium chloride) of 22.2 parts per thousand. The Coast
and Geodetic Survey Publication IW-2, November 19^1, gives the following
information on San Francisco Bay salinity.
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Salinity expreesed as sodium chloride in parts per thousand
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AlH.Oi!- Fouling Agents

1. Silt . Silt occurred as traces to light deposits on all
except 5 of the kO control" panpls and as light to moderate deposits on
all of the 59 test panels.

2. Algae . Traces of green algae occurred on a single panel of
"both the control and test series.

i

5. Invertebrate animal phyla .

a. Coelenterata (hydroids ). Hydroids occurred as traces
on 25 of the 40 panels and as traces to light growths on 57 of the 59
test panels. Tuhularia was identified repeatedly..

h. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa
occurred sparingly on a single control panel and on k of the 59 test
panels. Cryptosula sp. was the only one identified. Filamentous
Bryozoa occurred more or less abundantly on 7 of the kO control panels
and on 25 of the 59 test panels. Bugula flahellata and Bugula sp. were
the only identifications.

c. Arthropoda (crustaceans ). Balanus ("barnacles) occurred
in imusual abundance on 27 of the lt-0 control panels and on all of the

59 test panels. ELeyen of the control panels were 25^ to 100^
covered, and Jik of the test panels were 20^ to 100^ covered. Maximum
diameters of 9 mm were recorded on a control panel and 15 mm on a test
panel after 8 months' submergence. Corophium occurred abundantly on a
single test panel.

d. Mollusca (nonboring molltisks ). Mytilus (mussels)
occurred on a single control panel and on 19 of the 59 test panels.
They ranged in numbers from a few to kO or 50. A maximum diameter of
17 mti was recorded on a control panel and 51 nm on a test panel
after 8 months' submergence. A solitary specimen of Anomla (jlngle-shells),
12 mm in diameter, occurred on a single test panel.

e. Chordata (tunicatea ). Tr&oeB of tunicates (Botryllue
Bohlosseri ) occurred on a single control panel and on 2 of the test
panels.

Al|.1.05 Surnmary and Conclusions^

1* Ihetallatlon . a test board of the panel type Installed at
the U. S. Haval ItrydookB at Hunter's Point, San Francisco, California,
on August 12, 19kk, Is still being operated. The results of this test
have been summarized to the end of 19^7 •
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2. Test Results .

a. Borers . Teredlnldae were very active at this location
throughout the period of the test, the "breeding season apparently^

extending from March to the middle of January. The attack rated very
heavytin 19^5 and 19^6 tut only modei?ate in 19^7 • Limnoria eilso were
quite active throughout the period of the test. Die attack never rated
more than slight in 19^5 and. 19^6 tut attained a rating of medium
heavy in 19^7.

b. Fouling Qrffanisms . Silt, algae, and invertebrate animals
belonging to 5 phyla contributed to fouling of the panels. The latter
con5)rised hydroide, encrusting and filamentous Bryozoa, barnacles and
amphipods, mussels emd Jingle-shells, and tunicates. Bydroids azid

barnacles occurred wi1di great frequency, the latter occurring in
unusual abundance. Filamentous Bryozoa occurred with considerably less
frequency, while the occurrence of the others, as well as the algae,
was purely sporadic or occasional.

5. Recent Addenda . At this station, the Teredinidae attack rated
as heavy in 19^8 and very heavy the following year. Llmnoria attained
a loedium heavy rating in 19^8 and a moderate rating in 19^9* Chelura
was plentiful in both years.
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Section U2

PORT CHICAGO, CALIIOENIA — U.S. NAVAL MAGAZIME

AU2.OI Location of the Test Station and Ibst Boards

Tbree test toards of the panel type were Installed January 5^ 19^5^
at the U. S. Naval Magazine at Port Chicago, California. Ihis installation
is located west of where the Sacramento and San Joaquin Elvers enter Suisun
Bay, east of the Mare Island Naval Shipyard on San Pablo Bay at Vallejo,
The first of these test hoards, designated by the symbol USHMI-5, . is located
near the northeast comer of the Barge Pier. The second, designated by the

symbol UBHMI-6, is located about 65 ft west of the northeast comer of Wharf
Wo.,,2, and the, third, designated by the symbol USNMI-7, is located about 25
ft wefet;;^of the northeast comer of Wharf No. 5. The second of the boards
is east'6f the first, and the third Is east of the second. The test board

at the Barge Pier was found to be missing in March 19^7^ so a new board was

installed on April ^t-. The operation of these test boards is being continued,

and the results of these tests have been summarized to the end of 19^7.

AU2 .02 Hydrographlc Data

1. Test Board No. 1 (USNMI-^ X The depth of water where this test

board was installed is 55 ft below mean low water. The board was installed

with its top at a depth of I8 ft and its lower end at a depth of 2k ft be-

low nean low water. The usual range of tide was U,5 ft, i.e., from 5.5 ft

to 0.8 ft above low water. Ihe highest estimated tide was 8.0 ft above low

water, and the lowest estimated tide was 2.0 ft below low water. The

estimated extreme variation in the water height was 10.0 ft. Ihe strength

of current was not reported. Water temperature at the time of Installation

was k6° F. A sample of channel water taken In the lujmedlate vicinity of the

test board on January 5, 19^5, contained 862 ppm of salt. Ihe water was

very clear.

2. Test Board No. 2 (USNMI-6) . The depth of water where this

test board was Installed was 25t ft below low water. The board was in-

stalled with its top at a depth of 21 ft and its lower end at a depth of

27 ft below water. The tidal range, temperature, and pollution were the

same as data given for Test Board No. 1, A sample of water taken In the

Immediate vicinity of the test board on January 5, 19^^, contained 217 PPm
of salt.
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3. Itest Board No. 3 (USMI-7) . The depth of water vhere this
test board was Installed was 27 ft below low water. The board was
installed with its top at a depth of 19 ft and its lower eftd at a depth
of 25 ft below low water. The tidal range, temperature, and pollution
were the same as data given for Test Board Wo. 1. A sample of water
taJcen in the immediate vicinity of the test board on January 5, 19^5,
contained 135 PPm of salt. Further data on the temperature, salinity, and
pH reaction of the water at these locations are given in the tables below.

h. Water Temperature . The following record of water tempera-
ture in degrees F, from readings made at various times each month, shows
the general range throughout the year at each location.

Month



5. Water Salinity . Tlie following record of salinity of the
water (as sodium chloride in parts per million), made at various times
each month, shows the general range throughout the year at each location.

Month



A14-2.05 Marine Borers

1, Terqdlnidae. Kiere was relatively little evidence of the
activity of Teredinldae , including Tteredo navalis and T, sp., at any
of these locations except during 19W^ Th© details of the occurrence
of thbse borers at each location is summarized belov.

a. Barge Pier . Only 5 minute pits occurred in 2 of the
control panels submerged from August 8 to October 6, 19^7. ^redinidae
were recorded in 5 of the 51 test panels, but none at all were noticed
until the latter part of 19^6. The largest number found in any of the
test panels was 67 In one panel submerged from April 25 to December 10,
19U7. The maximum length recorded was 90 mm in 2 paiiels, each submerged
for 6 months. The breeding season at this location appears to be relatively
brief, apparently lasting from August to early October. Tbsre was no attack
in 19^5> only a single specimen was recorded late in 19^6, and the attack
in 19^7 rated only moderate.

b. Wharf No. 2 .. Uiere were only 2 minute pits in the control
panel submerged from September 5 "to October 6, 19^7. Teredinldae occurred
only in the last 5 test panels, which had been submerged from November k,

19h6 to December 10, 19^7. ^e largest number in any test panel was 6h in
one panel submerged from December I5, 19^6 to September 5^ 19^7. ^e maximum
length recorded was 65 mm, this specimen appearing in a panel submerged 9
months. The breeding season at this location seems to be extremely brief,
probably lasting only from August to early October. There was no attack in
1914.5 or 19*»-6, and that of 19^7 rated only moderate.

c. Wharf No. 5 . Only 2 minute pits occurred in the control
panel submerged from September 5 to October 6, 19^7. Teredinldae occurred
on]^ in the last 3 test pajiels, which had been submerged from February
26 to December 10, 19^7. The maximum length recorded was 60 mm in this

same panel after being submerged for 7^ months. The breeding season at

this location Is extremely brief, apparently being limited to September
and early October, Biere was no attack in 19^5 or 19^6, and that In 19^7
rated very slight.

The slight to relatively light Teredo attacks at these locations

are unquestionably caused by the low salinity conditions which prevail

dvirlng a large part of the year and which are unfavorable for the develop-

ment of borers. It is interesting to note, in this connection, that the

attack at Wharf No. 2 was lighter than that at the Barge Pier, and that

the attack at Wharf No. 3 was lighter than that at Wharf No. 2.
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In other words, the intensity of attack diminished from west to
east. A study of the figures given in table 2 indicates that the salinity
of the hay water also diminishes as one proceeds eastward toward the
mouths of the Sacramento and San Joaquin Elvers , Here we see clearly
the connection between the rate of intensity of marine borer attack and
the salinity of the water. The salinity records for 19k^ through 19k'!,

for all three of the test board locations at Port Chicago, disclose a
wide range of variation for different times of the year. At no time
was the water even half as saline as normal ocean water, and the salinity
was generally extremely low during the first half of each year, especially
during the summer months when the water is merely brackish,

2. Llmnorla . The only evidence of Llmnorla at any of the
three locations was a single tunnel found In a test panel at Wharf No, 2
and 5 tunnels found in a test panel at Wharf No. 3, Both of these
panels had been subniBrged for 9 months and were removed early in June 19h6.

Al+2,Ol4- Fouling Agents

1. Silt . ' Silt occurred as traces to moderate or rarely heavy
deposits on all the panels of both the control and test series at all
three locations,

2. Algae , Traces of green algae occurred on a single panel of
the control series and on one of the test series at Wharves 2 and 5.

5. Invertebrate animal phyla .

a, Coelenterata (hydrolds and Metrldlum ). Hydroids occurred

on 2U of the 51 control panels and'on 24 of the 25 test panels (5 panels
not received) at the Barge Pier. At Wharf No. 2, they occurred on 22 of
the 55 control panels and on 52 of the 55 test pemels. At Wharf No, 5*
they occurred on 25 of the 55 control panels and on 52 of the 55 test
panels. The growths mostly rated from traces to moderate on the panels
of the control series and from traces to moderate, or occasionally
heavy, on the panels of the test series. Tubularla was Identified on
several panels. Three colonies of Metrldlum a member of a different
group of Coelenterata, occurred on a single test panel at Wharf No. 2,

b, Bryozoa (encrusting and filamentous) . Encrusting Bryozoa
occurred on a single control panel and on 5 of the 26 test panels at the

Barge Pier, on a single control panel and on 5 of the 55 test panels at

Wharf No. 2, and on 2 of the 55 control panels and 5 of the 55 test
panels at Wharf No, 5, Electra sp, was identified on a few of these
panels. Filamentous Bryozoa occuirred on a single test panel at the

Barge Pier,
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c. Arthropoda (crustaceans) . Balanus (barnacles) occiirred,
vlth great frequency and In great abundance on the panels at all three
locations. At the Barge Pier, they were on 11 of .the 51 control panels
and on 25 of the 26 test pajiels. Fifteen of these control panels were
15^ to 100?^ covered, and 21 of the teat panels were 50^ to 100^ covered.
A maximum size of 7 mm was recorded on a control panel eind 12 mm on a
test panel after 6 months* submergence. At Wharf No. 2, barnacles occurred
on 20 of the 55 control panels and on 29 of the 55 test panels. Fourteen of
the control panels were 25^ to 100^ covered, and 28 of the test panels, were
50^ to 100^ covered, A maximum diameter of 8 mm was recorded on a control
panel and I5 mm on a test panel after 9 months' submergence. At Wharf
No. 5, barnacles occurred on 16 of the 55 control panels and on 28 of the
55 test panels. Twelve of the control panels were Uo^ to lOOfi covered,
and 25 of the test panels were 60^ to 100^ covered. A majclmum diameter
of 9- mm was recorded on a control panel and I5 mm on a test panel sifter

9 months' submergence. Traces of amphlpods occurred on a single control
panel at both the Barge Pier and Wharf No. 2 and on 5 of the control
panels and 2 of the test panels at Wliarf No. 5. Isopods occurred on
single peuiels of both the control and test series at the Barge Pier,
on 2 panels each of the control and test series at Wharf No. 2, and
on 2 control panels and h test panels at Wharf No. 5, Ihe largest number
on any one panel was 50 isopods.

d. MolluBca (nonborlng mollusks ). Mytllus (mussels)
occurred on 10 of the 26 test panels at the Barge Pier, on 7 of the 55
test panels at Wharf No. 2, and on 8 of the 55 test panels at Wharf
No. 5. The largest number on any panel was 55 mussels. Maximum lengths
of 25 mm were recorded at each location after 7, 8, and 9 mon1;hs'-

submergence, respectively.

AI12.O5 Summary and Conclusions

1. Installations . Three test boards of the panel type installed
at different locations at the U. S. Naval Magazine at Port Chicago,
California on January 5, 19^5^ "to determine the identity and prevalence
of marine borers and fouling organisms, are still being operated. The
results of these tests have been summarized to the end of 19^7.

2. Test Results .

a. Borers . Teredinidae showed relatively little activity at

all three locations. Ihe low salinity of the water, which appears to have
been merely brackish during the spring months, was unfavorable for their
development. Tlie breaking season at these locations appears to be extremely
short, apparently lasting only from August to early October at the Barge
Pier and Wheirf No. 2 and from September to early October at Wharf No. 5.
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There was no attack at any location In 19^5> and only a single specimen
was recorded at the Barge Pier in 19^6. In 19^7* the attacks rated
moderate at the Barge Pier £ind Wharf No . 2 hut only very slight at
Wharf No. 5. The only evidence of L1 Timoria at any of the three locations
^*as a ^single tunnel found in a test panel at Vharf No. 2 and 5 tunnels
found in a test panel at Wharf No. 5.

b. Fouling Organisms . Silt, algae, and invertebrate
animals belonging to ij- phyla contributed to fouling of the panels.
The latter comprised hydroids and Jfetridium; encrusting and filamentous
Bryozoa; barnacles, amphipods and isopods; and mussels. Of these
organisms, hydroids and barnacles occurred with great frequency, the
latter in unusual abundance; mussels occurred rather infrequently;
while the occun'ence of the others, as well as the algae, was purely
sporadic or occasional.

3. Recent Addenda . There were no Teredlnldae whatever at the
Barge Pier during 19^^ and 19^9. Limnoria also were absent. At Wharf
No. 2, there was no change in the conditions already reported above.
No Teredinidae appeared on the test or control panels at Wharf No. 5
in 19^8, and the damage from a set in 19^9 rated only a trace. There
have been no Limnoria at this location since 19^6.
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Section k3

PCET HUEKEME, CALIFORNIA -- U. S. NAVAL STATION

Al^5..01 Location of the Test Station and Test BoardB

Two test boards of the panel type were Installed June 15, 19l»-^,

at different locations in the harbor of what was then the Advanced Base
Depot, but is now the U. S. Naval Station at Port Hueneme south of Ventura,
California. The first of these boards, designated as USNPH-1, was in-
stalled under the 1ST Wharf B between bents 12 and 15 from the shore end.
The second, designated as USKPH-2, was installed under Wharf No. 1, 50 ft
east of the west end of Transit Shed No, 1. No untreated wood piling is

in place in the harbor, and both test boards are located approximately
6 ft from creosoted piling. The operation of these test boards is being
continued, and the results have been summarized to the end of 19^7.

It was stated on December 26, 19^'+> that structural timbers
recently removed from Wharf D, located near Wharf B, were found to be
in an advanced stage of destruction from Teredo action. This material
was Douglas fir, surface -treated with creosote, which was installed in
19^0, It was anticipated that several more timbers would have to be
removed and replaced with new material.

Decomposition during transit had progressed to such an extent that
the identification of fouling organisms was impossible on 2 of the test
panels of Test Board No. 1 and on one test pemel of Test Board No. 2.

Al+5,02 Hydrographlc Data

1. Ibst Board No. 1 (USHPH-l) . The depth of water where this

test board was Installed was Ik-.^ ft at mean low tide; the tidal range
varied from about 2.7 to 8.1 ft; the current velocity was said to be

zero. The temperatxire of the water at the time of installation was
57*^ ^. In samples of ocean water taken near Test Board No, 1 on
November 21, 19^5> the sample analysis showed a salinity of 30,725
ppm; and In samples taken February 22, 19'+6, the sample analysis showed

a salinity of 51,600 ppm. In regard to pollution, it was stated on,

July 12, 19kk, that the untreated sewage of the U. S, Naval Base is

released into the harbor at a point approximately 200 ft from the

test board for a period of h hours per week. However, in April 19^6,

it was stated that water pollution is regarded as light and that waste

lines discharging into Hueneme Harbor comprise only the following: a

line from 3 automotlle wash racks passing approximately 3 gallons per

minute of waste containing chemicals used for washing cars; a leaching
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line 8 in. in diameter from sludge beds of Imhoff tanks; and a llf-in, "by-

pass dl'scharging raw sewage, which is iised only in case of emergency, aa
normally all sewage passes through Imhoff tanks for treatment.

2. Test Board Ho. 2 (lJSMPH-2) . ^le depth of water where this
tee-^ board was installed was 2^.5 ft at mean low tide; the tidal range
varied from about 2,7 to 8.1 ft; the current velocity was said to be
zero. The temperature of the water at the time of installation was 59° F.
The data in regard to aalinit" and pollution for this test board are the
same as those for Test Board No. 1. Both test boards are suspended 8 ft
above the mud line, with the bottom approximately 2 ft from that line

.

The following record of the temperature of the water in degrees F,
based on readings made mostly around the middle of each month and 5 ft
above the mud line, shows the general range at each location.

Month



navalis, T. (Lyrodus ) dlegensls ^ T. (Lyrodus ) sp., and T, ep., were
very actlTe each year at both locations. In the control panels, they
occurred in all but 2 of the i^0 on Test Board .No. 1; while on Test
Board No. 2, they occurred in all except 2 of the 1<-1 panels." The
Teredinldae observed ranged from minute pits to embryonic or minute
specimens and often occurred in large numbers. It is clearly apparent
that the breeding season at this location is continuous throughout the
year.

Teredinidae occurred in all the test panels except in one at

each location, and these panels were the first in the i|--panel series

which had 'been submerged for only one month each. The destruction by
Teredinidae at both these locations was so severe that panels were
becoming filled or riddled in 1+ or 5 months; and after the test had run
for 5 months, the panels were removed and blocks 5 inches thick were
inigtalled. However, the attack still continued to be severe, and on
Noveniber 15, 19^5* ilie period of submergence was reduced from 8 to
k month's. Even with U -month submergence, many of the panels were more

or less filled by the tunnels of Teredinidae , particularly in the panels on

Test Boaird No. 1. The attack rated very heavy each year at both locations.

2. Llmnorla . Llmnorla were relatively active at both locations

throughout the period covered by the tests, although never occurring

In destructive numbers. In the control panels, they occurred In 3 of

the 1+0 on Test Board No. 1, and these panels had only 2, 2, and 6

tunnels, respectively. On Test Board No. 2, they occurred In l8 of the

kl panels, 50 tunnels being the maximum number in any one panel; none

occurred prior to June 15, 19*^-5 •

Llmnorla occurred In every test panel of Test Board No. 1

submerged after Tebruary ill-, 19^6, but_cji4y h tvmnels occurred In any

of the panels subaerged prior to that, date,. In the test panels of

Test Board No. 2, Limnoria were more plentiful, occurring In 58 of the

60, but only in two panels during 19hh. On Test Board No. 1, the

Limnoria attack never rated more than a trace in any year; while on

!Ifest Board No. 2, it rated only a trace most of the time, but attained

a peak rating of moderate late in 19h^ and a rating of slight in the

last test panel in 19l<-7.

a1<-3.0U Fouling Agents

1. Silt . Silt occurred on all the panels of both test boards,

the deposits ranging from traces to light, or rarely moderate, on the

panels of the control series and generally from traces to moderate on

those of the test series. The deposits on a number of panels at both

locations were oily.
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2. Algae. Algae, mostly green, occurred on 2 control panels j^
and on one test panel of Test Board No. 1 and on a single control panel;

-

of Test Board Wo. 2, the growths rating aa a trace or light. —
3. Invertehrate ajiimal phyla .

a. Coelenterata (hydroids) . Hydroids occurred on 15 of

tlie ifO control panels and on 59 of the 56 test panels of Test Board :

No, 1; on Test Board No. 2 they occurred on 1? of the i)-l control
panels and on h2 of the 56 test panels. The growths rated as traces

on the panels of the control series and, in general, as traces to light •

on the panels of the test series. Tubular-ia occurred frequently.

b. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa
occurred more or less abundantly on 11 of the UO control panels and on
ij-9 of the 56 test panels of Test Board No. 1; on Test Board, No. 2 they
occurred on 9 of the 1<-1 control panels and on ij-0 of the k^ Test panels.

On the test panels, 9 of the Test Board No. 1 and 15 of Test Board
No. 2 were from 50fo to Sof covered. Crypt osula pallasiana , Holoporella
brunnea , Lichenopora sp., Schizoporella unicornis , and Tsgella sp.

were identified. Filamentous Bryozoa occurred more or less abundantly
on 7 of the Uo control panels and on 26 of the 56 test panels of Test

Board No. 1; on Test Board No. 2 they occurred on 11 of the i|-l control
panels and on 52 of the 56 test panels. Bugula flabellata , B. neritina ,

B. sp. were identified.

c. Annelida (annelid worms) . Calcareous worm tubes occurred

on 25 of the 56 test panels of Test Board No. 1 and on a single control

panel and 5U of the 56 test panels of Test Board No. 2, On Test Board
Wo. 1, the maximum number on any one test panel was 55 a^cl the maximum
diameter recorded was UO mm after h months' submergence. On Test

Board No. 2, the maximum number on any one test panel was I50, and the

maximum diameter recorded was 50 mm after h months ' submergence . Both
Serpula and Spirorbia occurred.

d. Arthropoda (crustaceans ) . Balanus (barnacles) occurred'

in small numbers and infrequently on the panels at both locations. They

were recorded on 5 of the test panels of Tfest Board No. 1 and on a

single control panel and I5 of the 56 test panels of Test Board No. 2,

On this test board, a vaaxlmvtm diameter of 6 mm was recorded on a single

control panel and 12 mm on the test panels after h months' submergence.

Amphipods (nearly all Corophium ) occurred on 2 of the control panels

and on a single test panel of Test Board No. 1, while on Test Board

No. 2, they occurred on only a single control panel. In no case was •

their number particularly large.

e. Mollusca (nonboring mollusks ). Miscellaneous mollusks

occurred occasionally at both locations as follows: A few small specimens
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of Mytllus (mussels) occiirred on i|^ of the control panels of Ifeet Boaird
No. 1 and on a single control panel and on 5 of the test panels of Test
Board No. 2. A trace of Anomla (jingle -shells) occtirred on h of the test
panels of Test Board No. 2. A few Juvenile specimens of Pecten (scallops)
occtjrred on 2 of the test panels of Test Board No. 1,

f . Chordata (tunicates) . A few colonies of timicates were
recorded on the first panels in both the control and test series of Test
Board No. 1 and on a single control panel and two of the test panels in-

Ibst Board No. 2, Botryllus schlosserl was 'the only fomi identified.

A^5.05 Summary and Conclusions

1. Installation . Two test boards of the panel type installed at
the U. S. Naval Station at Port Hueneme, California, on June I5, 19^i^, are
still being operated. The results of these tests have been summarized to
the end of 19^1.

2. Test Eesults .

a. Borers . Teredlnidae were very active at both locations,
and it is clearly apparent that the breeding season is continuous throu^-
out the year. The destruction by Teredlnidae was so severe at both
locations that ai"ter the tests had run 5 months, thicker test panels
were used, and the period of submergence was reduced from 8 to ^l- months.
The attack rated very heavy each year at both locations, particularly
so on Test Board No, 1. Limnoria were more or less active at both loca-
tions throughout the period covered by the tests. The attack never
rated more than a trace in any year on Test Board No. 1, while on

Test Board No. 2, it fated only a trace most of the time, but attained
a peak rating of moderate late in 19^5 and a rating of slight in the
last test panel removed in 19^7.

b. Fouling Organisms . Silt, algae, and invertebrate
animals belonging to 6 phyla contributed to fouling of the panels.
The phyla included hydroids, encrusting and filamentous Bryozoa, serpulld
worms, barnacles and amphlpods, miscellaneous nonboring mollusks, and

tunicates. Of these organisms, hydroids, encrusting and filamentouB

Bryozoa, and calcareous worm tubes occurred with the greatest frequency,

while the occurrence of the others, as well as of the algae, was purely
sporadic

.

5. Becent Addenda . At Test Board No. 1, there was a very heavy
attack by Teredlnidae in both 19^18 and 19^9. The attack by Limnoria

at this location was slight in each of those years. Ibredlnidae were

also very heavy on the panels of Test Board No. 2 in both years, while
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Llmnorla rated as moderate in I9U8 and slight the following year at
this point. Chelura put in an,appearance on this board in 19k9. A
new board, installed at the Li^t Station by the U. S, Coast Guard
June 1, 19^8, showed evidence of very heavy attack from Teredinidae
sets in both 19h8 and 19^9. Limnoria rated low in the slight category
here each year.
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.. ,,§ectlpn kk. .

SAN PEDRO,,, PAmoilqk,j^- 'fcMIKAL. .I^LAMP.J^AYAJ^ SHIPYARD

Al^l^.Ol Location of ths Test Station and Test Board

A test Isoaird of the panel type was Installed June l^*-, 19^, at the

U. S. Operating Base, now the Terminal Island Naval Shipyard at San Pedro,

California. It was installed at the south end of Approach Pier No. 1 at

the U. S. Naval Drydocks, and was designated "by the symbol USNTI-1. The

operation of this test "board la 'being continued. The results have "been

Bummarlzed to the end of 19^7.

Al|U.02 Hydrographic Data

The depth of water where the test hoard was Installed was kh

ft M.L.W. datum, and the tidal range was 8 ft (plus or minus). The velocity

of the current was stated to he approximately 500 ft per hour (various

directions) on March 15, 19^6. The temperature of the water at the time

of Installation was 6k° F. The following figures concerning salinity,

pH reaction, and pollution were given on June 2k, '19^'<-, hased on a sample

of sea water taken from the end of Pier No. 1 at the east ladder and

at a depth of 10 ft:

Dissolved oxygen



Eecord of the ten^erature of the water in degrees F,
hased on readings made on or close to the l^i-th day of
each month from saa^les taken at a depth of 10 ft

Month



Salinity determination of water from samples taJcen

at a depth of 10 ft at Approach Pier No. 1, U. S. Naval
Drydocks

Date



Aij.i<-.05 Marine Borera -

1. Teredlnldae . Teredlnldae , Including Bankla eetacea . Teredo
navalls , T. (Lyrodus ) dlegenslB , T. ( Lyrodus ) sp., and X- sp., were very
active at this location.. They occurred in 56 of the k2 control panels,
ranging from minute pits to embryonic specimens, and in every calendar
month of the year, thus indicating that the "breeding season here is con-
tinuous. They occurred in every one of the k-9 test panels except the
fir^sjijand second of -ttie new i|--panel series, which was started on Nov-
ember l4> 19^6. Specimens were recorded up to 25P mm in length after
8 months' submergence, 6ind panels in 19^5 were riddled after having been
submerged for only 5 to 6 months. The attack by Teredlnldae was so

destructive, that on this date the panels were removed and a new 4-panel
serifes was started. The attack rated very heavy each year.

2. Limnoria . Limnorla showed some evidence of activity through-
out much of the period covered by the test but never occurred in more
than trace numbers. They occurred in only 8 of the k2 control panels,
and there were only from 1 to 5 timnels in each panel infested They
occurred in 27 of the k9 test panels, but there were never more than
56 tunnels in any panel; and none occurred in 19^5 in the panels sub-
merged after March 15 . Thus, it can be seen that the Limnoria attack
never rated more than a trace.

Akk.Qk Fouling Agents

1. Silt . Silt occurred on all the panels, the deposits generally
rating from traces to light on the panels of the control series, and
from traces to moderate, or sometimes heavy, on the panels of the test
series. In some cases the deposits were oily.

2. Algae . A trace of a green alga occurred on only one control
panel

.

5. Invertebrate animal phyla .

a. Co.elenterata (hydroid s

)

. Hydroid's occurred on I8 of
the k2 control panels and on 50 of the k9 test panels, the growths
rating traces on the panels of the control eeries and ranging generally
from traces to light on the panels of the test series. Tubularla was
the only form identified.

b. Bryozoa (encrusting and filamentous) . Encrusting Bryozoa
occuirred rather abundantly on the panels, being recorded on 2k of the
k2 in the control series and on k6 of the kS in the test series. Three
of the test panels were from 50^ to 80^ covered after having been
submerged for 5 to 8 months. Cryptosula pallaslana occurred frequently,
and Cryptosula sp . , Crlsulipora occ Identails . Holoporella brunnea .
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Schlzoporella unicornis , and Schlzoporella sp. aleo were identified.
Filamentous Bryozoa also occurred rather abundantly, "being recorded on
9 of the k-2 panels in the control series emd on hk of the k9 in the test
series. Three of the test panels were 25^, 50'5b, and 85^ covered, re-
spectively, after having "been suhmerged for 4 to 6 months. B^^gula

flahellata and Bugula sp. were the only forms identified.

c'. Annelida (marine worms) . Serpulid (Serpula) tuhes occurred
on 11 of the k2 control panels and on 26 of the h9 test panels. Foui'

consecutive test panels suhmerged for 4-month periods at monthly
intervals "beginning July 15, 19h6, were 75^, 75^, 30%, and 45^ covered,
respectively. Maximum lengths of 25 smi vere recorded on the control
panels and h'^ mm on the test panels after 7 months' submergence.

d. Arthropoda (crustaceans) . Balanus ("barnacles) occmrred
in small numbers on 6 of the k2 control panels and on 39 of the k9 test
panels. Maximum diameters of 6 mm were recorded on the control panels
and 25 mm on the test panels eufter 8 months' submergence. The maximum
number recorded on any test panel was only 30 barnacles. An5>hipods

(nearly all Corophium) occurred on 5 control panels and on 2 test panels.

e. Mollusca (non'boring aollusks) . Miscellaneous non"borlng

mollusks occurred on the panels as follows: Mytllus (mussels) occurred
on 5 of the k2 control panels and on 22 of the h9 test panels. Maximum
lengths of ik ram were recorded on the control panels and 57 mni on a
test panel after k months' submergence. A few specimens of Modiolus
(horse mussels) occurred on 3 of the test panels. A few specimens

3

of Pecten (scallops) occurred on I6 of the test panels Traces of
Anomla (jingle-shells) occtorred on k of the test panels. Several
specimens of Saxicava occurred on 5 of the test panels.

f

.

Chordata (tunicates) . Tunicates occurred on 9 test
panels. Ciona occurred a number of times and Malgula also was recorded.

A41t-.05 S^TmnHvy and Conclusions

1. Installation . A test board of the panel type installed
at the Terminal Island Naval Shipyard at Sen Pedro, California, on
June ik, 19^4; is still being operated. The results of this test have
been summarized to the end of 19^7.

2. Test Results .

a. Borers . Teredinidae were very active at this location,
infesting panels in every calendar month of the year, thus indicating
that the breeding season is continuous. The attack, which was so
destructive that the period of submergence for the panels was reduced
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from 8 to 4 months, rated very heavy each year. Llmnoria showed some

evidence of activity throughout much of the period covered hy the test

"but never occurred in more than trace nimbers

.

h. Fouling Organisms . Silt, algae, and invertebrate animals

belonging to 6 phyla contributed to fouling of the panels. The latter

coniprised hydroids, encrusting emd filamentous Bryozoa, serpulid tubes,

barnacles and ang)hipods, miscellaneous nonboring mollusks, and tunicates.

Of these organisms, hydroids, encrusting and filamentous Bryozoa, and

barnacles occurred with the greatest frequency; serpulid tubes, mussels,

and scallops occurred with somevhat less frequency; while the occurrence

of the others, as well as of the algae, was purely sporadic.

3. Recent Add end, a . The attack by Teredinidae sets was moderate

in 19^*5 and very heavy in 19^9 on Test Board USNTI-l. The Llmnoria
attack was slight here both years. A board installed near Paint Shop

Wo. 1 indicated a heavy attack by Teredinidae in 19^+8 but only slight in

the following year. Limnoria were medium heavy here both years. A
third board, installed near the south end of the Finger Pier on 1

September 19^9, showed no evidence of Teredinidae to the end of that

year and only a slight attack by Limnoria .
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Section k3

SAN DIEGO, CALIFORNIA — U. S. NAVAL SUPPLY DEPOT FUEL FACILITY
AND THE U. S. NAVAL STATION

Ak^

.

01 Location of the Test Stations and Test Boards

Test "boards of the panel type were installed on July 1?^ 19^^>

at the U. S. Naval Fuel Annex (changed to U. S. Naval Supply Depot
Fuel Facility in 19^7) and on August 5> 19^^, at the U. S. Naval Repair

Base (nov the U. S. Naval Station) in San Diego Bay, at San Diego,

California. The first of these, designated hy the symbol USNSD-1,

vas Installed at the northern end of the T-shaped Fueling Pier at the

Fuel Facility. The second, designated "by the symbol USNSD-2, was

installed on the south side (outhoard end) of the south Mole Pier at

the N?ival Station. As all piles used in waterfront structures at

this Station are either concrete or treated Douglas fir, it was Im-

possihle to locate the test "board adjacent to untreated piling.

Because of disintegration of the test "boards and extreme high

tides during the last week of June 19'*-6, "both "boards were lost. On

account of the severity of the marine "borer attacks at these locations,

it was requested that the new "boards of 4-panel series "be installed

so that the panels would be submerged on a ^-month: "basis Instead of on

the 8-month "basis which was "being en?)loyed . Thfese were Installed

in August at the Fuel Facility, and proha'bly in July at the Naval

Station. The operatloia of these test "boards- is "being continued and

the results of these tests have "been summarized to the end of 19^7.

A14-5 . 02 Hydrographic Data

1. USNSD-1 (U. S. Naval Supply Depot Fuel Facility) The depth

of water where this test "board was installed was 29 ft; the tidal range

was 10.28 ft (from -2.12 to -8.l6); the velocity of the current was

unknown. The temperatiire of the water at the time of installation was
66° F, and the water was clear with the exception of the occasional oil

pollution caused by fueling activities.

2. USNSD-2 (U. S. Naval Station) . The depth of water where

this test board was Installed was 17 ft; the tidal range was 10.28 ft

(-2.12 to /8.l6); the water was quiet. The temperature of the water

at the time of Installation was 72° F. Pollution was said to be negligible,

the water being clear. However, the surface of the water subsequently

was variously reported to be clear, slightly oily, not too dirty or

oily, and with an oily, dirty, dark color and traces of oil. On August

7, 19^6, it was reported that marine growths were "blooming."

Further data on the te3]5)erature and salinity of the water at this

location are given in the following tables.
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Record of the ten^ierature of the water in degrees F,

based on monthly readings, shoving the general range

Month
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A^5.03 Marine Borers

1. Teredlnldae . Teredlnldae , Including Teredo navalls , T.

(Lyrodua ) dlegensla , T. (Lyrodus ) sp., and T. sp. vere very active at
the Fuel Facility throughout the period covered hy the test "but showed
relatively little activity at the Naval Station. On account of their
destructiveness, it vas requested on August 1, 19^6, that a new series
lof test hoards he Installed at hoth locations in •vAilch the period of
suhmergence would he reduced from 8 to 4 months. This request was made
ahout a month after the test hoards at hoth locations were carried away
hy high tides and hefore new ones had heen Installed to replace them.

a. USNSD-1 (U. S. Naval Supply Depot Fuel Facility) . Tere-

dlnldae occurred in 26 of the 50 control panels, ranging from minute
pits or .embryonic specimens to some up to 20 mm in length, with a maximum
of h^O recorded in any one pemel. The hreeding season at this location
was. continuous. They occurred in every one of the 50 test panels, the
panels hecomlng filled after 8 months' submergence and riddled or
destroyed if left in longer. A maximum length of 250 mm was recorded
after 15 months' suhmergence. The attack rated very heavy in 19^5

>

19^6, and 19^7-

h. USIO)-2 (U. S. Naval Station) . Teredlnldae occurred In
only 5 of the 58 control panels at this location, and nearly all were
embryonic. The hreeding season here extended only from March to the
middle of August in 19^5* vlth merely minute pits recorded suhsequently
and these only in the panel suhmerged from April ik to May 15, 19**'7.

Thfey occurred In 17 of the ^5 test panels hut almost always in small
numbers. There were none at all in the panels suhmerged from April 5
to Septemher 11 in 19^6. The maximum number recorded in emy month was
50 in a panel that had heen suhmerged from August 5, 19^ to April 5,
19'<-5- The maximum length recorded was 155 mni after 8 months' suhmergence.
The attack at this location rated zero or a trace most of the time, hut
it attained peak ratings of moderate in 19^5 from an infestation in
1910^, and slight in 19^7.

2. Limnorla . Llmnoria were active at hoth locations throughout
the periods of the tests, occurring in all the panels of hoth series
at hoth locations except in 2 control panels at the Naval Station. At
hoth locations, the Llmnoria population increased rapidly after the
start of the tests and attained peak ratings of very heavy in 19^5,
after the panels had heen exposed for 8 months. The attack at hoth
locations was less severe in 19^6; while in 19il-7, it again was very
heavy at the Fuel Facility, although ligiht at the Naval Station.

Aii.5.04 Fouling Agents

1. Silt. Silt occurred on all except one control and one test
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panel at "both locations, the deposits ranging from traces to light or

reurely moderate on the control panels eind trom traces to moderate on

the test peinels.

2. Algae . Algae, ranging from a trace to a light growth, occurred

on 2 of the test panels at the Naval Station.

5. Invertehrate animal phyla .

a. Coelenterata (hydroid s

)

. Hydroids occurred vith great
frequency at hoth locations. At the Fuel Facility, they vere on 27 of

the 50 control panels and on all 30 of the test panels. At the Naval

Station, they appeared on 19 of the 58 control panels and on 50 of the

k^ test panels. They ranged from traces to light growths on the panels
of "both series. Tuhularia occurred with great frequency and was the
only form identified.

Tj. Bryozoa (encrusting and filamentous) . Encrusting Bryozoa
occurred more or less abundantly at "both locations hut with greater
frequency at the Fuel Facility. At this location, they occurred on I6

of the 50 control panels euad on 25 of the 50 test 'panels; vdiile at the
Naval Station, they occurred on only 2 of the 58 control panels and on

Ik of the ^5 test panels. At the Fuel Facility, one of the control
panels, which inadvertently was left submerged for 5 months, was 90^
covered , and 5 of the ttest panels were from 50^ to 90^ covered after
2 to 9 months' submergence. One test panel was 80^ covered in 2 months,

and 2 were 90'?^ covered in 5 months. Cryptosula pallasiana , Electra sp.,

Holoporella "brunnea , LichenoT>ora sp . , Rhynchozoon tumulosum, Schizoporella
unicornis , Schizoporella sp., and Tegella sp. were identified. Filamentous
Bryozoa also occurred more or less alDundantly at "both locations "but with
greater frequency at the Fuel Facility. At this location, they occurred
on 16 of the 50 control panels emd on 25 of the 50 test panels; while at

the NavaJL Station, they occurred only on 11 of the U5 test panels. Bugula
flabellata and Bugula sp. were the only ones identified.

c. Annelida (annelid worms) . Serpulid (Serpula) worms occurred

with great frequency at both locations, At the Fuel Facility, they were
on 16 of the 50 control panels and on 2k of the 50 test panels; \*ile at

the Naval Station, they appeared on ik of the 58 control pa,nels and on 29

of the k^ test panels. At the Fuel Annex, 7 of the control panels were

from 50^ %o 100^ covered and k of the test panels were from 50^ to 100^
covered.- At the Nayal Station, k of the control panels were from 10^ to

100^ covered and 19 of the test panels were from 10^ to 90^^ covered.

Maximum lengths of 5^5 mm were recorded on a control panel and 60 mm on a teel

panel after 5 months* submergence. Balanus (barnacles) occurred with
great frequency at both locations. At the Fuel Facility, they were on ik
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of the 50 control paaiele and on. 17 of the 50 test panels. At the Naval

Station, they occurred on 11 of the 58 control panels and on 28 of the

k3 test panels. At the Fuel Facility, a maximum diameter ot 9 mat. vas

recorded on the control panels and 29 mm on a test panel after 13 months'
suhmergence. At the Naval Station, a maximum diameter of 11 mm was

recorded on a control panel and 20 mm on a test panel after 8 months'

suhmergence . One of the control panels at each location vas 25^ covered,

and h of the test panels at each location vere from 25^ to 35^ covered.

Corophlum occurred on a single control panel at the Fuel Facility and on
one control and one test panel at the Naval Station, The largest number
recorded on ajiy one oejiel was 12^ specimens.

d. Mollusoa (nonhoring mollusks

)

. Mlscellajieous nonhoring
mollusks occurred occasionally as follows: A trace of Mytilus (mussels)

occurred on 2 of the test panels at the Naval Station. One panel
suhmerged for 8 months contained specimens up to 25 mm in length. A
trace of Pecten (scallops) occurred on a single control panel and on li-

test panels at the Fuel Facility. One panel suhmerged k months had-

specimens up to 5 mi in diameter. A few specimens of Saxicava occurred
on 2 test panels at the Fuel Facility. No sizes were recorded,

e. Chordata ( tunlcates

)

. Tunicates occurred more or less
abimdantly on 7 of the 30' control panels and on 9 of the 30 test panels
at the Fuel Facility; >*ille at the Naval Station, they occurred on 5 ot the

38 control panels and on 19 of the k^ test panels. One of the test panels
at the latter location was 85^ covered. Botryllus schlosseri and Clooa
were identified.

a1»-5 05 Summary and Conclusions

1., Installation . Test hoards of the panel type Installed at
the U. S. Naval Supply Depot Facility and the U. S. Neval Station at
San Diego, California, on July 17 and August 3, 19^, to determine the
Identity and prevalence of marine horers and fouling organisms, are
still heing operated. The results of the test have heen summarized to
the end of I9U7.

f

2. Test Besults .

a. Borers « Teredlnldae were very active at the Fuel Facility
throughout the periods covered hy the tests hut showed relatively little
activity at the Naval Station. At the Fuel Facility, the breeding season
was continuous, and the attack rated very heavy In 19^5, 19^+6, and 19^7.
At the Naval Station, ttie breeding season extended only from March to the
middle of August in 19^5^ with only 3 minute pits recorded subsequently.
The attack rated none or a trace most of the tlifle but attained peak ratings
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ofmoderate in 19^5 resulting fron an Infestation in 19^^^ and slight in

1947. Limnoria were active at "both locations throughout the periods covered
"by the tests, attaining peak ratings of very heavy in 19^5 l^^t vere less

severe in 19U6; while in 19^7 > they again wei-e very heavy at the Fuel
Facility though light at the Naval Station.

b. Fouling Organisms . Silt, algae, and invertebrate
animals "belonging to 5 phyla contributed to fouling of the panels.

The latter con^rised hydroids, encrusting and filamentous Bryozoa, serpulid
worms, barnacles and amnhipoda, miscellaneous nonborlng mollusks, and

tunicates. Of these organisms, hydroids, encrusting and filamentous
Bryozoa, serpulid worms, eind barnacles occurred with great frequency;
tunicates occurred with less frequency; while the occurrence of the others,

as well as the algae, was purely sporadic or occasional.

5. Recent Addenda . The attack from the Teredinidae set in 19^
rated very heavy at the Fuel Facility board, while that from the set of

the following year was only light. The Limnoria attack was heavy here
in 19hS and medium heavy in 19^9 • There was no evidence of Teredinidae
on the board at the Naval Station in 19^ and only a trace from the

19^9 set. Limnoria was medium heavy here in 19^ "but only slight the
following year.
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Section k6

BALBOA, CAHAL ZOHE ^- U. S. MVAL STATION

Ai)-6. 01 Location of the Test Station and Test Boards

Tvro test toardfl of the panel type were Installed June 15* 19^^

»

at the U. S. Naval Station at Ballioa, Canal Zone. This Station Is

located at the western end of the Panama Canal on the Pacific Ocean

side of the Isthmus of Panama. The test hoards were Installed near

the San Juan rump on the west hank of the Canal at the north end of

Balljoa Barhor, Just across from Balhoa. Two kinds of wood were used for

panels, namely Southern yellow pine and Douigslas fir, as hoth kinds are

used in waterfront structures at this Station. These test "boards were

designated hy the symbols USMCZ-l and USMCZ-2, the first hoard having

panels of Southern yellow pine and the second, panels of Douglas fir.

The test hoards were suspended from an untreated wooden dock and were

covered at all times hy salt water at the Pacific end of the Canal.

They were Installed approximately 3 ft from an untreated pine pile.

On Novemher 20, 19^5, a new series of panels was installed on

Test Board No. 1, for which the period of suhmergence was reduced from

8 to Jf months on accoimt of the destructiveness of the Teredinldae .

The operation of the second test hoard was discontinued at this time, as

it gave essentially the same results with respect to marine horers

as did the first hoard.

In January 19'4-6, the near collapse of the untreated pile structure,

from which Test Board No. 1 was still suspended, necessitated the relocation

of that hoard; it was Installed on a pile cluster (treated piling)

50 ft south of its original location. The operation of this test hoard
is heing 6ontlnued, and the results of these tests have heen summarized

to the end of 19^7.

Ak6.02 Hydrographic Data

1. The mean depth of water at the location where the test hoards

were Installed was 22 ft. The maximum range of tide was 22 ft, and the

normal range was 12 ft. The velocity of the cvirrent was approximately

5 knots. The temperature of the water was given as 75° F to

80° F, though whether this is the range for the year is not clear.

It was reported that a slight dilution of the salt water may occur at
this location hecause of fresh water discharged from the canal locks

located approximately l^- miles upstream from the test hoards. To

determine the degree of pollution of the water at this location, samples

were taken from the end of the wooden pier nesif the salvage yard on
three successive days at high, mean, eind low water. Tests made on these
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samples Included "bacteriological examinations, dissolved oxygen,
'biochemical oxygen demand, pH determinations, and temperature readings.

2. Pollution Criteria * The following excerpt from a report hy
W. D. Fedde, Acting Chief Chemist in cliarge of the Testing Lahoratories
of the Municipal Engineering Division, Miraflores Water Purification
Plant, is suhmitted 'becaxise of the valuatle information it contains with
reference to pollution at this location.

Report on

Pollution Tests on Waters of Balboa Harhor in Vicinity of the U. S. Maval
Operating Base» West Bank

Discussion

From time to time, various standards have Taeen proposed as "bases
for working criteria limiting pollution of watercourses. In this connection,
the Royal Commission standard in Great Britain provided that sewage
effluents should contain not more than 50 ppm of suspended matter said

should have a 5-day B,O.D. at 65° F not exceeding 20 ppm. As the hasis
of the sewage effluent standard, the Commission formulated the working
rule that the 5-day B.O.D. of a stream of water, after receiving an effluent,
should not exceed k ppm in order to maintain satisfactory conditions in
the stream at a summer temperature of 65° F and under dry-weather conditions.

The dissolved oxygen content of a watercourse should not he
allowed to fall to a point where a nuisance will he created or where
fish life will be destroyed. Recent surveys of the U. S. Bureau of
Fisheries, as reported by Ellis, have indicated that the desirable minimum
dissolved oxygen content shoiild not be less than 5 ppm in order to provide
favorable conditions for the development of a normal variety of native
fish life. Furthermore, if the percentage saturation of dissolved oxygen
in a watercourse is not permitted to fall below 50 percent, it is likely
that no nuisance will exist.

In connection with the disposal of sewage by dilution in harbors,
estuaries, and the sea, it should be pointed out that sea water contains
20 percent less dissolved oxygen than fresh water under similar conditions
of temperature and pressure. Sea water also exerts a precipitating effect
on the colloids in sewage, a condition that favors the formation of sludge
banks when sewage is discharged into salt water. As sludge deposits
decompose, hydrogen sulphide is formed in greater abundance in salt water
than in fresh water, caused by the breaking aown of the sulphates
contained in sea water.

A46.05 Ifarine Borers

1. Teredlnidae . Teredinidae . including Bankia canaJLis , B. gouldi .
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B. mexicana , B. (NauBltora ) ep., were extremely active each year in the
panels of "both test 'boards. They occvirred in all except 2 of the hh
control panels of Test Beard No. 1 and in all except one of the l8 that
were received from Test Board No. 2. The uncontaminated panel was the
last one removed after 5 days* submergence. Most of the specimens in
these peinels were embryonic or minute, but some specimens up to 52 mm
emd 40 mm in leiJgth were recorded in Test Boards No. 1 and No. 2,
respectively. Teredinidae were found infesting the control panel every
month of the year, thus showing that the breeding season at this location,
is continuous. Infestation and development in these panels were lowest,
however, from the middle of February to the middle of April.

Teredinidae occurred in all the test panels of Test Board No. 1
except in a panel that was removed in November 19^5/ after having been
submerged for only 5 days, and in all of Test Board No. 2 except the
first and last, the latter of which was removed after having been sub-
merged for only 5 days. In both test boards, the majority of the test
panels were either filled or riddled by JTeredinidae . In Test Board
No. 1, they continued to be generally filled, or oocasioneilly riddled,
even after the period of submergence was reduced from 8 to 4 months.
The maximum length of specimens recorded was 250 mm in Test Board No. 1
and 290 mm in Test Board No. 2. The attack by Teredinidae at this location
is rated very heavy.

2. Limnoria . Limnoria also occurred in both test boards
throughout the period of operation. They occurred as mere traces in 50
of the hk control panels received from Test Board No. 1, and in 6 of
the 18 control panels in Test Board No. 2. They also occurred, mostly as
traces, in kk of the 51 test panels received from Test Board No. 1
and in 20 of the 25 in Test Board No. 2. In Test Board No. 1, the
maximum attacks attained ratings of slight in 1946 and 1914-7; while in
Test Board No. 2, only mere traces were recorded.

5. Pholadidae . Pholadidae , including Martesia and Hiata,
also occurred at this location. In Test Board No. 1, juvenile speci-
mens were recorded in only 2 control panels and from 1 to 20 specimens
occurred irregularly on 18 of the 51 test panels, the maximum length
being 28 mm. In Test Board No. 2, Juvenile specimens were recorded on
only 2 control panels and from 1 to 6 specimens occurred irregularly
on 7 of the 25 test panels, the length not being recorded. The Pholad
attack thus rates as slight in Test Board No. 1 and practically only
a trace in Test Board No. 2.

Aii-6.0l4- Foulina Agents

1. Silt . Silt occurred on all the panels of both the control
and test series on both test boards. On Test Board No. 1, the deposits
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ranged from traces to moderate on "both the control and test panels;
while on Test Board No. 2, they ranged from traces to light on panels .

of both series.

2. Algae . Traces of green and "brown algae occvirred on a single
test panel of Test Board No. 1.

3- Inverte"brate animal phyla .

a. Porifera Csponpces ). A few sponges were recorded on
5 test panels on Test Board Ho. 1 and on a single test panel on
Test Board Wo. 2. A single specimen of an encrusting sponge occurred
on one control panel of the latter test toard.

Tj. Coelenterata (hydroids ). ^ydroids occurred on 58 of
the hk control panels and on all except one of the 50 test panels on
Test Board No. 1. On Test Board No. 2, they occurred on all 18 control
panels and on all of the 25 test panels, except the last panel in each
series, the uncontaminated one having been removed eufter only 5 days'
submergence. Tubularia was the only form identified.

c. Bryozoa (encrusting and filamentous ). Encrusting
Bryozoa were more or less abundant on the panels of both test boards.
On Test Board No. 1, they occurred on 56 of the k^ control panels and on
53 of the 50 test panels. Four control panels were from 50^ to 100^
covered. On Test Board No. 2, they occurred on ik of the 18 control
panels received and on 1? of the 25 test panels. Electra crustulenta .

E. monostachys . E. sp., Aoanthodesia serrata , Cryptosula pallasiana ,

Cryptosula sp. , Schizoporella sp. , and Gemelliporidra typica were
identified. Filamentous Bryozoa also were relatively abundant on the
panels of both test boards. On Test Board Nd. 1, they occurred on 32
of the ij-5 control panels and on kl of the 50 test panels. Five each
of the control and test panels were from 50^ to 75^ covered. On Test
Board No. 2, they occurred on 12 of the 18 control panels received,
and on 18 of the 25 test panels. Bugula flabellata . B. neritlna , and
B. sp. were identified.

^« Braohlopoda (brachiopods ) . A few brachiopods occurred
on a single control panel and on 2 test panels of Test Board No. 1,
also on two each of the control and test panels of Test Board No. 2.

e. Annelida (marine worms ). Serpulid (Serpula ) tubes
occurred more or less abundantly on the panels of both test boards.
On Test Board No. 1, they occurred on 8 of the ^3 control panels and on
21 of the 50 teat panels. The maximum length was I5 mm on the control
panels and 70 mm on the test panels. The maximum number on aziy one
of the latter was 60 worms. On Test Boeird No. 2, they occurred on 3
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of the 18 control panels received and on 11 of the 25 test panels.
The maxlraraa length was 10 mm on the control pcaiels and 20 mm on the
test panels. The maximum numher on any of these test panels van 20.

f. Arthropoda (crustaceans ). Balanus (barnacles) occurred
fairly frequently on the panels of Test Board No. 1 "but only sporadically
on the* panels of Test Board No. 2. On Test Board No. 1, they occurred
on 27 of the 43 control panels and on 27 of the 50 test panels. The
maximum diameter recorded was 18 mm on the control panels and k2 mm on
the test panels after h months' submergence. Eight control panels eind

5 test panels were from 50^ to 805^ covered. On Test Board No. 2,
barnacles occurred on 5 of the 18 control peuiels received and on k of
the 25 test panels. The maximum diameter recorded was 8 mm on the control
pemelB and 12 mm on the test panels.

g. Mollusca (nonboring mollusks ). Miscellaneous molluslcs

occurred sporadically on the panels of both test boards. Anomia (jingle-
shells) occurred on 5 of the k'^ control painels and on 15 of the 50 test
panels in Test Board No. 1; while in Test Board No. 2, they occurred on
k each of the control and test peinels. Maximum diameters of 8 mm were
recorded on the control pan&ls and of 15 inm on the test panels. The
TTiftTlminn number on a test panel was 40. Traces of Ostrea (oysters)
occurred on a single control panel and on 12 test panels of Test Board
No. 1 and on five test panels of Test Board No. 2. A trace of Yermetidae
occurred on a single test panel of each test board.

h. Ohordata (tunicates ). A few colonies of txuiicates
occurred on occasional panels of both test boards. They occurred on
3 control panels and on 5 test panels of Test Board No. 1 and on
2 control panels and a single test panel of Test Board No. 2. Botryllus
schlosseri was the only one identified.

A46.05 Summary and Conclusions

1. Installation . Of the 2 test boards of the panel type
installed at the U. S. Submarine Base at Balboa, Canal Zone, on June
15, 19hk, one is still being operated, and the other was discontinued in
November 1945* The results of these tests have been summarized to the
end of 19^7.

2. Test Beaults .

a. Borers . Teredinidae were active every month of the
year, showing that the breeding season is continuous at this location.
The attack was very heavy on both test boards, with panels becoming
filled, or occasionally riddled, even after the period of submergence
Was reduced from 8 to 4 months. Ljmnoria were present throiighout
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the period covered by the tests, but the attack usually did not exceed

a trace. In Test Board No. 1, maxlmiam attacks rated slight In 1946 and
,

19^7; but In Test Board No. 2, only mere traces vere recorded. Pholadldae

also occurred at this location, the attack rating slight in Test Board

No. 1 and practically a mere trace in Test Board No. 2.

b. Foxaing Organisms . Silt, algae, and invertebrate animals

belonging to 8 phyla contributed to fouling of the panels. The latter

comprised sponges, hydrolds, encrusting and filamentous Bryozoa,

brachlopods, marine vorms, barnacles, miscellaneous nonborlng mollusks,

and tunicates. Hydrolds and encrusting and filamentous Bj^^ozoa occurred

most frequently, barnacles somewhat less frequently, while the occurrence

of the others was purely sporadic or occasional. Algae occurred as traces

on two test panels of Test Board No. 1.

5. Eecent Addenda . Test Board No. 1 showed a very heavy attack

from sets of Teredinldae in 19^8 and 19^9. ^e attack by Limnorla was

slight in each of these yeeirs. Pholads (Hiata and Martesia ) were medium

heavy in 19kQ, but their attack in 19i^9 rated only slight. A test

board installed at the Navy Pier No. 2 on June 5, 19^* showed a trace

of Teredinldae from the set of I9W and a moderate attack from the

set of 19it9. There was a trace of Limnorla on the panels of this board
each year. Pholads (Hiata and tfertesia ) were moderate here in both years.
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Section k^

MIDMAI ISLAUIS — U. S. MYAL OPEEJATIMJ BASE

A47.0j. Location of the Test Station and Test Board

A test "board of the panel type was Installed July 21, 19^* at
the U. S. Ka-ral Operating Base at the Midway Islands, located In the
northwestern Hawaiian Islands in the central Pacific Ocean. The test "board

was located in the extreme east end of a small "boat haven which has
a 50-ft entrance-opening facing northward into the open lagoon. The
Tiasin floor is coral and coral sand. The test hoard is protected from
"boats hy an untreated wood fender pile which forms part of the dock. It
^Is designated "by the symbol USHX-2. This test "board is still "being

'operated, and the resiilts of this test hare "been summarized to the end
of 1^1,

Because of the severity of the combined attack of Llmnoria and
Teredlnldae , the original panels were replaced "by 2-inch-1iiick pemels
on April 21, 19^5; in November of this year, it was requested that
the panels "be removed and replaced "by a new series in which the period
of su'bmergenoe would "be reduced from 8 to 4 months. On I>eoem"ber 15, 19^^

t

the Naval Operating Base advised that they could not comply with this
req.ueBt "because the test "board had "been either totally destroyed or
washed away "by strong undercurrents. A new test "board of the ^-panel
series was Installed on this last-named date.

On May 15, 19i»-7, the Naval Operating Base advised that the test
"board was lost "because of the failure of the supporting caMe. A new
"board, using the 4-panel series, was installed in a more protected
location on April 1, 19^7, "but shortly after the first set of panels
was forwarded, the test "board was carried away during a storm. A new
one was not installed until Octo"ber 1 of the same year. The operation
of this test ho^rd is helng continued, and the results of the test
have "been summarized to the end of 19^7.

AI4.7.02 Bydrographlc Pata

The depth of water where the test "board was Installed was
12.25 ft. The "board was Installed so that the top of the upper panel
was k ft "below the surface of the water, and the lower panel was 2 ft
above the "bottom of the "basin. The tidal range was 1.2 ft, and the
velocity of the current was said to "be zero. The temperature of the
water at the time of installation was 78° F. A temperature reading
of 60° F was reported on August 26, 19^6. The average salinity of the
water In the vicinity of the test "board was given as 18,000 ppm. . The
"boat "basin was reported as not "being contaminated "by artificial sources
other than those nonnally expected for an area where from 20 to 25 small
"boats are moored.
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A47.03 tfajine Borers

1. Teredlnidae . Teredlnidae , including Teredo (Lyrodua ) sp.

and Teredo sp,, were active throvigh the period of the test. They
occiirred in 25 of the 29 control panels receiyed (one was destroyed
"by the postal authorities), ranging in size from minute pits to embryonic
or minute specimens, and up to 15 mm in length. The majciraum mmiber in
any one of these panels was 2,015. They occurred in every calendar month
of the year, proving that the "breeding season at this location is

continuous. Teredinidae occurred in 25 of the 29 test panels received.
Specimens were recorded up to 1^5 mm in length after 6 months' submergence,
although the lengths could not be measured in several panels "because of their
almost complete destruction "by Limnoria . Two of these panels, one removed
on OctoTier 15, 19k6, and the other on November 15* after k months' submer-
gence, were 50^ filled. The attack rated moderate each year except 19^6,
when it attained a peak rating of medium heavy.

2. Limiioria . Limnoria were extremely active throughout the,

period of the test, occurring in every one of the control panels and
even occurring in large numbers the first month. The prodigious number
of 7,260 tunnels were estimated to be in one panel submerged from May 15
to June 15 > 19^6. Limnoria occurred in all the test panels and so
abundantly that the attack penetrated to a depth of 8 mm in 5 months
and almost completely through a 2-inch "panel in 6 months. The panels
were from 75^ to 90^ destroyed after 8 months' submergence, and others,

were still partially destroyed even after the period of submergence was
reduced to k months. The Limnoria attack was recorded as extremely
heavy each year except in 19^7* when the test board was operated only
briefly; it was the most severe attack recorded from any locality.

5. Pholadidae . No Pholadidae were recorded from this location.

Alj-7.0lt- Fouling Apients

1. Silt . Silt occurred as traces to light or moderate deposits
on all the panels of both the control and test series,

2. Alfcae . Green algae occurred as traces to rarely light or
moderate growths on k each of the 29 control paiiels and on 5 of the same
number of test panels.

5, Invertebrate animal phyla .

a. Coelenterata (hydroids ). Hydroids occtirred as traces
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on 17 of the 29 control panels and on 18 of the same niniiber of test
panels. Tub\ilaj:ia vas the only form identified.

"b. Bryozoa (encrusting and filamentous ). Six colonies
Df an encrusting Bryozoa occurred on the last panel in the test series.
Fllamentoiis Bryozoa occurred more or less ahundantly on k of the 29
control panels and on 9 of the same number of test pajiels . Bufiula sp

.

was the only form identified. Filamentous Bryozoa occurred more or less
abundantly on k of the 29 control panels and on 9 of the same number
of test panels . Bugula sp. was the only form identified.

c. Annelida (marine worms ). Serpulid (Serpula ) tubes occurred,
often in great abundance, on 25 of the 29 control panels and on 26 of
the same number of test panels, the maximum length on any panel being
20 mm. Eleven of the control panels were from 25^ to 100?^ covered, eind 7
of the test panels were from 50^ to 100^ covered.

d. Arthropoda (crustaceajis ). Balanus (barnacles) occurred
in rather scanty numbers on Ik of the 29 control panels and on 10 of the
same number of test,panels, the maximum number being only 5OO on any
One panel. A maTlTmim diameter of 6 mm was recorded on the control panels
and 12 mm on 2 test panels after 5 and h months' submergence, respectively.

e. Chordata (tunicates ). From 10 to 12 colonies of tuni-
cates occurred on 2 test panels.

Akl . 05 Sinrmmvy and Conclusions

1. Installation . A test board of the panel type, installed
at the II. S. Maval Operating Base at the Midway Islands in the centred
Pacific t)cean on July 21, 19kk, is still being operated. The results
of this test have been summarized to the end of 19^7-

2. Test Eesults .

a. Borers . Teredinidae were active each year, and the
breeding season was continuous. The attack rated moderate each year
except 19^6, when it attained a peak rating of heavy. Limnoria were
extremely active throughout the period of the test. .Except during
19^7^ when the test board was operated only briefly, the attack was
extremely" heavy throughout the year, and panels were almost completely
destroyed in 8 months. The panels continued to be partially destroyed
even after the period of submergence had been reduced to k months.
This is the most severe Limnoria attack that has been recorded from
any locality. No Fholadidae were recorded from this location.
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"b. Fouling Orf^ajilsma . Silt, aJLgae, and inverte"brate

!animals 15610081118 to 5 phyla contrl'buted to fouling of tlie peinels.

I^ie natter comprised hydrolds, encrusting and filamentous Bryozoa,
ferpulid worms, 'barhacles, and tunicates. Of these organisms, serpulid
\^orms occurred with the greatest frequency and abundance, hydroids with
i^ss frequency, 'barnacles with still less frequency, while the occurrence
of the others, as well as the algae, was purely sporadic.

5. Recent Addenda . There were very heavy attacks of Teredlnldae
at\thls location from sets in 19^8 and 19^9« "Ehe Llmnoria attack was
exti;emely severe in each of these years, several panels "being from 25^
to 80^ destroyed in 19^9. There were no Pholads.
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Section kQ

PEABL HAEBOE, HAWAII -- PEAEL HARBOR KAYAL SHIPYARD '

A48.Q1 Location of the Test Station and Test Boards

Four test toards of the panel type were installed July 5 and k, 19hk,
at different locations at the Pearl Harljor Naval Shipyard, Pearl Harhor,
Hawaii. This harhor is located on the south side of the Island of Oahu.
The first of the "boards, designated hy the symbol DSHH-1, was placed under
a marginal tlmher wharf (Berth A-12) located near the entrance to the
harhor. This new wharf is constructed of creosoted piles and tlnibers.

The iest hoard is located 6 ft inside the fender system and 5i- ft from the
nearest pile. The second hoard, designated hy the symbol USIIH-2, was
placed under the so-called "1010 Wharf" (Berth B-l) which is of concrete
construction. The fender system on this wharf is constructed of treated
tlmher extending from deck to water line. The test "board is located
6 ft from the fenders. The third board, designated hy the symbol DSM-J,
was placed under a marginal wharf (HE wharf. Berth IE-5), about one-half
mile upchannel from the first test board. This wharf had been in place
for about one year, and all submerged members were heavily encrusted with
"barnacles ajid other marine growth. The timber piles were creosoted.
The test board was located 6 ft inside the fender system and 5 ft from
the nearest pile. The fourth board, designated by the symbol DSMH-i)-,

was placed under the Fuel Oil Pier (Berth H-2) at Kuahua. This pier is
of concrete construction with a spring-type fender system of creosoted'
timber, which does not project into the water. The test board was
placed 12 ft inside the fender system. The operation of these test
boards is being continued, and the results have been summarized
to the end of ISkl.

A14-8 . 02 Hydrographic Data

1. DSHH-l (Timber Wharf ). The depth of water where this
test board was Installed was 40.2 ft; the tidal range was given as
3 ft (from -.5 "to /2.5 ft); the velocity of the current was negligible.
The temperature of the water at the time of installation was 78° F.
Pollution of water by sewage and wastes varies with the quantity of
shipping and anchorage. As an average, little if any evidence of influence
on normal coMltioris was apparent from these causes. In fact,
pollution by sewage wastes and oil was considered negligible in general
throughout the period covered by the tests.

2. PSM-2 (1010 Wharf ). The depth of water where this test
board was installed was 29 ft. The tidal range and temperature of the
water were the same as given for test board USM-1. There is usually
an oil film on the surface of the water at this point, and considerable
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sewage pollution exists. The water iisre is practically stagnant.

5. USHH-3 (DE Wharf ). The depth of water where this test
"board was installed was 25.5 ft- ^© ticLal range and teiaperature of
the water are the same as given for the first test "board. Pollution
and current are negligible.

k. U5M-4 (Fuel Oil Pier ). The depth of water where this
test hoard was installed was 28.6 ft The tidal range and tenrperature
of the water were the same as given for the first, test hoard. There
is a considerahle amount of fuel oil on the surface of, the water in
this area, and pollution from sewage is also appreciable. There is more
current at this site than at the other test hoards, hut it was estimated
to have a TtK.ylTTium velocity of only 0.2 knot.

Fu2rther data on the temperature and salinity of the water at
the different locations are given in the following tahles.
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A48.05 Marine Borers

1. Teredinidae . Teredlnldae , including Bankia havailenals .

Teredo affinis . T. milleri . T. parksi . T. trulllformis , T. (Lyrodus )

diegensis , T. (Lyrodus ) sp. , and T. sp
.
, vere very active at all four

locations throughout the period covered "by the test. The severity of
attack was such that it was requested in November 19^ that all panels
be removed from the test "boards and replaced with panels 2 inches
thick. This change was made in Decemlier. However, increasing the
thickness of the panels did not prolong their length of life, since
the attack was Just as severe proportionately in the two-inch panels as
in the one-inch panels. In Novemljer 19^5 it was requested that all
liaAels on the test "boards "be removed and that a new series "be insteilled

and pperated on a 4-month "basis instead of on the 8-month "basis which
was ))eing employed. The change to the new series of panels was made
in IJiebeaaber. The detailed figures on the occurrence of Teredinidae
at each of these locations are summarized "below.

a. USHH-l (Tim"ber Wharf ). Tered.inidae occurred in all 4l
control panels, ranging from minute pits or embryonic specimens to
specimens up to 50 nm in length. Five of these panels were 40^, 50^*

^^r l^i>t and 90^ filled, respectively. The "breeding season was
continuous. Teredinidae also occurred in all except 5 of the k-8 test
panels, none occurring in the first 2 panels or in the first one in the
new series installed when the change was made to thicker panels in
December 19^. A maximum length of 250 mm (lO inches) was recorded
in a panel su'bmerged for 7 months. Thirty-eight of the k-8 test panels were
either filled or riddled, although most of them had "been submerged for
only k months. One. test panel "became riddled in as short a period as 2
months. The attack was extremely destructive each year, Including 19^.

"b. T3SMH-2 (lOlO Wharf ). Teredinidae occurred in all 4l
control panels, ranging from minute pits or em"bryonic specimens to those
up to 25 mm in length. Two of these panels were 50^ and ^t-O^ filled,
respectively. The "breeding season was continuous. Teredinidae also
occurred in all 48 test panels, with a maxlTmim length of 220 mm
(a"bout 9 inches) recorded in a panel su'bmerged for 3 months. Nineteen
test panels were either filled or riddled, although most of them had
"been su'bmerged for only k months. One of these panels "became filled
within 5 months. The attack was extremely destructive each year, including
1944.

c. IJSM-5 (DE Wharf ). Teredinidae occurred in all except
2 of the 4l control panels, ranging from minute pits or em"bryonlc

specimens to those up to 25 mm in length. The "breeding season was
continuous. Two of these panels were 40^ filled, and 2 were completely
filled. Teredinidae occurred in all 48 test panels, with a maximum
length of 240 mm (a"bout 9z inches) recorded in a panel suhmerged for 4
months.
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Twenty-seven test panels were either filled or riddled, although most of

'them had "been submerged for only k months. One of these panels hecame
filled within 5 months. The attack was extremely destructive each year,

including 194^1-.

d. TJSM-^ (Fuel Oil Pier ). Teredinidae occurred in 58 of

the In control panels, ranging from minute pits or emhryonic specimens
to specimens up to 25 mm in length. The surfaces of two of these panels

were 50/0 and 755o filled, respectively, hy minute pits made "by "both

Teredinidae and Pholadidae . The "breeding season was continuous. The
most rapid development of Teredinidae in the control panels at all four
locations occurred from the middle of March to the middle of September.

Teredinidae also occurred in aJLl k3 test panels, vith a 'maximum length

of 180 mm (ahout 7 inches) recorded in one panel auTanerged for 5 months.

Twenty-six of the test panels were either filled or riddled, although
mogt of them had "been submerged for only k months. One of these panels

became filled within 2 months. The attack was extremely destructive

each year, including 19^^.

2. Llmnoria . Llmnoria showed more or less activity at all
locations; the occurrence is for each location is summarized "below.

a. IJSHH-1 (Timber Wharf ). Llmnoria occurred on ^k of the

kl control panels, although none occiirred up to November 5* 19^^- ^e
maximum number on any panel was 66O forma. Llmnoria occurred also on all

except 3 (including the first 2) of the k8 test panels. The attacks
attained peak ratings of medium heavy In 19^5* 19^6, and 19^7.

b. ll5m-2 (1010 Wharf ). Llmnoria occurred on 37 of the kl

control panels, the maximum number of tunnels being 2,000 recorded on
any single panel. They occurred on 46 of the k6 test panels. The
attacks attained peak ratings of medium heavy in 19^5 and 19**-6 and very
heavy in 1947.

c. USMH-5 (EE Wharf ). Llmnoria occurred on 21 of the kl

control panels, although only on k up to July 13, 19k6. The maxijmim

number on any one panel was 200 forma . They occurred on 57 of the k8 test

pajiels, but were absent on all except on the first panel until April

9, 1945. The attacks attained peak ratings of alight in. 1914-5 emd 19k6
and very heavy in 19^7

•

d. USm-lj- (Fuel Oil Pier ). Llmnoria occurred on I7 of the
1+1 control panels, although none occurred until after March 11, 19k6,

The maximum number on any one panel was only 12 forms. Llmnoria occurred
on 25 of the 1+8 test panels, also, but occurred on only 2 panels

up to March 11, 19l»-6. The attacks attained peak ratings of slight In

19^5^ 191+6, and 19I+7.
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5. Pholadldae . Pholadldae (Hlata and Jfaxtesia) shoved more or
less activity at all four locations. However, it was difficult to
evaluate the severity of the attack "because the panels were frequently
riddled "by Teredini dae and also more or less severely attacked "by

Limnoria in some cases. The occurrence of Pholade is summarized "below

for each location.

a. USHH-1 (Timber Wharf ). Pholadldae occurred on 7 of the
kl control panels, the TnaxlTnma nutober "being 60 on any one panel. They
occurred in 21 of the k8 test panels. Of 7 consecutive test panels
in 19^5* three were 20^, 50^, and 50^ filled, respectively, the fourth
was filled, the fifth and sixth were well filled, and the seventh was
riddled. One panel hecame well filled in 5 months. Sizes were rarely
recorded. The attacks rated very heavy in 19^5, moderate in 19^6, and
none in 19it-7.

t, I]ISm-2 <1010 Wharf ). Pholadldae occurred on 12 of the ^l^l

control panels, the maxlaium num"ber on any one "being 8 per sq in.

(1,056). They occurred in 55 of the k8 test panels also. Three of
the test panels were 25?^, 50^> ^d 80^ filled, respectively, and three
were well filled. One "became well filled in 5 months. Specimens up
to 50 mm long were recorded. The attacks rated very heavy in 19^5
and 19h6 and slight in 19^7.

c. PSim-5 (EE Wharf ). Pholadldae occurred in 7 of the
kl control panels, one "being 14-05& filled with juvenile specimens of
"both Teredinidae eind Pholadldae . Pholadldae also occurred in 55 of
the h& test panels. Two of the 6 test panels were 25^ filled, two
were 75^ filled, and two were well filled. One test panel was well
filled within 5 months. Specimens up to kO mm long were recorded.
The attacks rated very heavy in 19Mt- and 19k6 and heavy in 19^5 and
191^7.

d. USnH-4 (Fuel Oil Pier ). Pholadldae occurred in 12
of the in control panels, the sxu^aces of 2 panels "being 50^ and 75?^

filled, respectively, with pits caused "by "both Teredinidae and Pholadldae .

Pholadldae also occvirred in 56 of the k8 test pemels. Five of the 11
test panels were 10^, 20^, 25/^, 55^, and 50^ filled/ respectively) two
were filled; three were well filled; and one was riddled. One of these
panels was filled within 2 months. Specimens up to ij-5 mni long were
recorded. The attacks rated very heavy in l^kk and 19i<-5 and medium
heavy in 19l|-6 and 19^7.

Al)-8.0i|- Fouling Agents

1. Silt . Silt occurred on all the panels, "both control and
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test, except on one or 2 pemels of each series at each location. The
deposits generally ranged from traces to light on the panels of the control
series and from traces to light, or rarely moderate, oh the panels of
the test series.

2. Algae . Algae occurred on 2 test panels at the Timber
Wharf, on a single control panel and k test panels at the "1010
Wharf", and on a single control panel and 3 test panels at the
HE Wharf. The algae vere mostly green, hut "brown and red ones also
occurred. The growths were mostly traces or occasionally light.

3'. Invertebrate nnlwnl phyla .

a. Porifera (sponges ). One colony of sponges was recorded
on one test panel and three colonies on another panel at the Fuel Oil
Pier.

"b. Coelenterata (hydroids ). Bydrolds occurred with great
frequency on the panels at all four locations. They were on 36 of the
kl control panels and ^1 of the k8 test panels at the Tlmher Pier, on
31 of the kl control panels and 39 of the k8 test panels at the "1010
Wharf", on 22 of the kl control panels and 38 of the ^8 test panels at
the HE Wharf, and on 25 of the kl control panels and kl of the k8 test
panels at the Fuel Oil Pier. The growths mostly rated as traces on the
panels of the control series and as traces or occasionally light on
the panels of the test series. Tuhularia was the only form identified.

c. Bryozoa (enorustlng and filamentous ). Encrusting Bryozoa
occurred abundantly at one location "but were almost lacking at the
other locations. At the Timber Wharf, they occurred on 15 of the kl
control panels and on 27 of th6 k8 test panels. Five of the test panels
were 40^, 50^, 60^, and 75?^ covered, respectively. Their only occurrence
at the other locations was on single panels of both the control emd test
series at the "1010 Wharf" and on a single control panel at the HE
Wharf. None was identified. Filamentous Bryozoa .occurred more or less
abundantly at all four locations. They were manifest on 12 of the kl
control panels and on 17 of the k8 test panels at the Timber Wharf,
on 33 of the kl control panels and 39 of the k8 test panels at the
"1010 Wharf", on 9 of the kl control panels and 25 of the k8 test
panels at the HE Wharf, and on 11 of the ^t-l control panels and 2k of the
ii-8 test panels at the Fuel Oil Pier. One of the test panels at the
DE Wharf was 10^ covered, and one test panel at the Fuel Oil Pier was
5S^ covered. Bugula flabellata » B. neritina, and B. sp. were identified.

d. Annelida (annelid worms ). Serpulid (Serpula ) tubes
occurred with great frequency and abundance on the panels at all locations.
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At the Timber Wharf, they showed up on 28 of the Ij-l control panels
and on 58 of the k8 test panels. One of the test panels was 10^ covered.

At the "1010 Wharf", they were on 39 of the 4l control panels and on
all kS test panels. Serenteen of the control panels were from 20^ to

100^ covered, and 18 of the test panels were from 20^ to 100?& covered.

At the IE Wharf, they occurred on 58 of the kl control panels emd on
k^ of the kd test panels. Five of the control panels were from 15^
to 50^ covered, and 5 of the test panels were from 50?^ to 75^ covered.

At the Fuel Oil Pier, there were serpulid tutes on 57 of the kl control

panels and on 45 of the k8 test panels. Eleven of the control panels
were from 205^ to 100^ covered, and 5 of the test panels were from
55^ to ^^ covered.

e. Arthropoda (crustaceans ). Balanus ("barnacles) also
occurred with great frequency and in great ahundance on the panels at
all four locations. At the Timher Wharf, they occurred on 50 of the kl
control panels and on 45 of the 48 test panels. Four of the control
panels were from 20^ to 4o^ covered, and 17 of the test panels were
from 20^ to 100?& covered. At the "1010 Wharf", they were on 56 of the
kl control panels and on kk of the 48 test panels. Twelve of the
control panels were from 10^ to 100^ covered and 20 of the test panels
were from 20^ to 90^ covered. At the EE Wharf, heirnacles appeared on
52 of the 4l control panels and on 47 of the 48 test panels. Five of
the control panels were from 15^ to 50^ covered, and 29 of the test
panels were from 10^ to 100^ covered. At the Fuel Oil Pier, they occurred
on 50 of the 4l control panels and on 46 of the 48 test panels. Seventeen
panels of both series were from 25^ to 100^ covered. On the control
panels, maximinn diameters of 9, l4, 18, and 12 mm were recorded for the
respective locations in the order in which they are listed, while on
the test panels, maximum diameters of 25, 19^ 25, and 22 mm were recorded
in 8, 4, 8, and 4 months, respectively. Corophiioa tuhes up to 25 mm
long occurred on the first panel in "both the control ajid test series,
there "being approximately 200 tuhes on each.

f. Mollusca (nonhoring mollusks ). Anomia (jingle-shells)
aJ-BO occurred with considerahle frequency on the panels at all four
locations, although the numher on any panel was generally few, and it

exceeded 46 only twice. At the Timber Wharf, they showed up on l4 of
the 4l control pajiels and on 15 of the 48 test panels. At the "1010

Wharf", they were on 25 of the 4l control panels and on 38 of the 48
test panels. One of the control panels was 60^ encrusted. At the
HE Wharf, they appeared on 17 of the 4l control panels and on 37 of the
48 test panels. At the Fuel Oil Pier, they occurred on 21 of the 4l
control panels and on 40 of the 48 test panels. Ostrea (oysters)
occurred in small nunfbers on occasional test panels at all locatit)ns.

They were on six at the Timber Wharf, on seven at the "1010 VTharf",

on five at the DE Wharf, and on seven at the Fuel Oil Pier. Maximum
diameters of 18, 45, 20, and 50 ram were recorded in 5, 8, 7 f and 4

months, respectively.
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g. Chordata (tunicates )» Tunicates occurred with consider- .

a"ble frequency at all locations. They were on k of the i^l control
panels and on 19 of the ^1-8 test panels at the Timber Wharf, on 15 of
the kl control panels and 56 of the k8 test panels at the "1010 Wharf",
on 6 of the 4l control panels and 55 of the hd test panels at the rE
Wharf, and on k of the kl control panels and 1? of the ^8 test panels
at the Fuel Oil Pier. Botryllus schlosseri occur-red frequently, hut
MolRula and Ciona were also identified.

Aii-8.05 Summary and Conclusions

1. Installation . Four teat hoards of the panel type installed
at different locations at the Peaxl Barhor Naval Shipyard at Peaxl Harhor,
Hawaii, on July 5 and h, 19^^^ are still heing operated. The results
of these tests have heen sxnmnarized to the end of 19^7*

2. Test Besults .

a. Borers . Teredinidae were very active at all locations
throughout the period covered hy the tests, the breeding season "being

continuous and the attacks extremely destructive at each location, with
paixels 'becoming filled or riddled within 2 or 5 months. Limnorla also
showed more. or less activity at all locations, hut the severity of the
attack varied from year to year and at different locations. At the Timber
Wharf, the attacks attained peak ratings of medium heavy in 19^5 » 19^6,
and 19^7. At the "1010 Wharf", they attained peak ratings of medium
heavy in 19^5 and 19^6 and very heavy in 19^7. At the DE Wharf, they
attained peak ratings of slight in 19^5 «Jn2. 19^6 and very heavy in 19^7*
At the Fuel Oil Pier, they attained peaJc ratings of slight in 19^5*
19k6f and 19^7 • Pholadidae likewise showed more or less activity at
all locations, varying slightly from year to year. At the Timber Wharf,
the attacks rated verj heavy in 19^5^ moderate in 19^6, and none in
1947. At the "1010 Wharf", they rated very heavy in 19l<-5 and 19*^6

and slight in 19^7. At the Iffi Wharf, they, rated very heavy in 19Wt-

and 1946 and heavy in 19^5 and 19^7. At the Fuel Oil Pier, they
rated very heavy in 19kh and 19^5 and medium heavy in 19k6 and 19^^.

h. Fouling Organisms . Silt, algae, and invertebrate
animals belonging to 7 phyla contributed to the fouling of the
panels. The phyla comprised sponges, hydrolds, encrusting and
filamentous Bryozoa, serpulid worms, baxnacles and Corophlum , Jingle-
shells and oysters, and tunicates. Of these orgajoisms, serpulid worms
and barnacles occurred with the greatest frequency and abundance;
hydrolds, J ingle-shells, and filamentotis Bryozoa each occurred with
progressively less frequency; while encrusting Bryozoa occurred
frequently only at the Timber Wharf. The occurrence of the others, as
well as the algae, was merely sporadic or occasional.
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5. Recent Addenda . There was a very heavy attack of Teredlnldae

on the "board at the Timber Wharf in both 19^8 and 19^9- The Llninorla

attack was moderate in 19l<-8 and only slight in 19^9 at this location.

At the "board aear the "1010 Wharf", the attack by Teredinidae was very
heavy in both 1948 and 19^9- Limnoria were also very heavy here both
years. The test board at the DE Wharf was attacked very heavily by
Teredinidae in both 1948 and 19^9. The Limnoria attack here rated
very heavy in 19l|.8 and medium heavy the following year. There was

a Blight attack by Pholads (Hiata and Maxtesia ) in 19^8 but none

appeared here in 19^9 These Pholads appeared as traces on the board
at the "1010 Wbarf " both years. The attack from Teredinidae sets was

very heavy in both 1948 and 19^9 at the Fuel Oil Pier. Limnorija rated
Blight at this location both years. A slight attack of Pholads (Hiata

and tfaxtesla ) appeared on the board at the Fuel Oil Pier in 1948. In

1949* the appearance of Pholads rated as a mere trace.
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Section k9

PALMXEA ISLAKD — XT. S. HA.YAL AIR STATION

Al^9.01 Location of the Test Station and Test Board

A te£it "board of the panel type vae operated at the U. S. IlaTal

Air Station on Palmyra, Territory of Hawaii^ from December 20, 19'^5

until January 19, 19'*'7, when it vas discontinued "because of the con-

templated inactivatlon of this Station. Palmyra Island is located in
the Central Pacific Islands, south of the Eavallan Islands and North-
vest of Fanning and Christmas Islands at (approximate) latitude 6° N
and longitude l62° W. Ho Information is aTallal)le as to the location
of the test hoard at this Station, vhlch vas designated "by the symbol
DSNPI-l.

After the middle of 19l|-6, there was considerable confusion with
regard to the length of time that some of the panels were submerged

heciause of their removal in improper order.

Ai^9 . 02 By-drographic Data

The depth of water where this test hoard was installed was 15 ft;

the tidal range was given as Jg- ft; the current velocity was not recorded.

The temperature of the water at the time of Installation was 80° F. With
regard to pollution, it was merely stated that the water was clear, so

apparently no appreclahle pollution existed.

Al^9.05 Marine Borers

1, TerefUnidae . Teredlnldae were very active at this location
throughout the "brief period covered "by the test. They occurred in all

the control panels, ranging from minute pits or emhryonlc specimens up

to those "55 una in length in one panel which had "been inadvertently

left suhmerged for two months. It is clearly evident that the "breeding

season at this location I's continuous. Teredlnldae occurred in all

the test panels, and 2 were 75^ filled after having "been suhmerged for
k months, vlth specimens in one panel up to 2^0 mm in length. No
determination was made of the species Involved. The attack at this
location rated very heavy in 19^6.

2. LiTTinoria . LiTrmpria were active and extremely ahundant
throughout -the period covered by the test. They occurred in all the
control panels and in unusually large nomhers in most of them, there
"being some 15,000 tunnels recorded in one panel su1]merged from May 20

to June 18, 19^6. In the test panels, there was a rapid Increase in the
numher of Llmnorla tunnels from the "beginning of the test, with a peak
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in May aad June of 19^6, vhen It vas estimated that 12,000 taimalB
occtirred In panels that had heen subnerged for ^ and 6 months , reBpectlTel7.
After this tine, the Llnmorla population diminished irapldly and then
Increased again, xintll l4-,600 tunnels vere recorded In the panel removed
on December 20, 19^*^6, and ^,300 In the one panel remored on January 19, l^^i-T.

Eoweyer, the period of submergence of these 2 panels was not known because
of failure to remove them In the proper order. It Is plainly apparent
from this brief test that the Llmnorla attack at this location vas extremely
severe in 19^6.

3* Pholadldae . No fholadidae vere recorded at this location.

Al^9.0i^ Fouling Agents

1. Silt . Silt occurred as traces or light deposits on «n
the panels, both control and test.

2. Invertebrate animal phyla .

.a. Coelenterata (hydroids ). Eydrolds occurred as traces
or light growths on 6, of the 12 control panels and on 10 of the 1^ test
panels. None vas identified.

b. Bryozoa (enc3ruatinfi and filamentous ). Encrusting Bryozoa
occurred more or less abtuadantly on 6 of the 12 control panels and on
11 of the Ik test panels. The identity of these Bryozoa was not determined.
Filamentous Bryozoa occurred more or less abundantly on 7 of the 12
control panels and on 10 of the l^l- test panels. Bugula neritlna was
the only form identified.

c. Annelida (marine vorms ). Serpulid (Serpula ) tubes
occurred, often in considerable numbers, on 3 of the 12 control panels
and on 10 of the Ik test panels. The first of the test panels had an
average of 35-40 tubes per sq. in. (5,280).

d. MolluBca (mollusks ). A trace of Anamia (jingle-shells)
occurred on a single control peinel and on 2 of the test panels.

Ai|-9 • 05 Sufflmary and Conclusions

1. Installation. A test board of the panel type was operated
at the U. S. Naval Air Station on Palmyra Islemd, Territory of Hawaii,
from December 20, 19^5 until its discontinuance on January 19, 19U7,
to determine the identity and prevalence of marine borws and fouling
organisms at this location.
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2. Test Besults .

a. Borers . Teredinldae were very active throughout the
brief period covered "by the test, and it is clearly apparent that the
"breeding season is continuous throughout the year. The attack rated
very heavy in 19k6, Lljnnoria also vere active and extremely ahundant
throughout the period covered "by the test, occurring in exceptionally
large numbers in the control panels. The attack was extremely severe
in 19^6. No Pholadidae vere recorded at this location.

"b. Fouling OrAaniams . Silt and invertebrate animals
"belonging to k phyla contributed to fouling of the panels. The phyla
conprised hydroids, encrusting and filamentous Bryozoa, serpulid
vormBf and Jingle-shells. Hydroids, encrusting and filamentous Bryozoa,
and serpulid worms occurred with great frequency, while the occurrence of
the Jingle-shells was merely very occasional. The test was unusual in
that the heretofore ubiquitous barnacles and tunicates were absent.

The operation of this test 'board was not continued long enough
to provide conclusive infoimation on the breeding habits and development
of the marine borers and fouling organisms at this location, but it does
show the general trend.
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Section 50

WAKE ISLAHD — U. S. MVAL AIR BASE

A5O.OI Location of Test Stations and Test Boarda

Test "boards of the panel type vere operated "by the 85th Naveil

Construction Battalion at tvo locations on Wake Atoll from January 10,
19^6 to June 10, 19^7^ when their operation was texminated "because of
the inactiTation of this Base. The Pan-American Railways, which is
now controlling operations on WaJce Island, hare "been requested to
continue the operation of the test "boards, "but no further panels have
"been received.

Wake Atoll consists of three islands: Wake, Wilkes, and Feale.
Infonnation was given on January I6, 19^6, that the channel "between
Wake and Wilkes Islands had "been closed recently "by a causeway, forming
a "boat hasin. Prior to this, the current caused "by tide and wind
had varied from to 7 knots. Since then, only a moderate current is
caused "by the inflow and outflow of the tides. On the Wilkes side
of this channel, opposite the location of Test Board No. 1 (designated
as USMWI-l), there is an old dock made of wood cri"b"bing, which was "built
at least 5 years prior to the ahove date. The action of marine "borers
was reported to "be very noticeahle in this cri"b'blng.

The islands of Wake eind Peale are connected "by a "bridge on
steel piling, and "below the "bridge there is a water-level concrete
causeway. The current in the channel ""^^ies with tide and wind from

to 5 koDts, the causeway acting something like a weir* ^Fest Board
No. 2, designated as USHWI-2, is located near this point.

In the lagoon, which is not naviga"ble and has coral formations
aJjaost awash at low tide, there is a sunken dredge at the location
of this test "board. The wooden wales of this dredge also showed con-
sidera"ble marine "borer activity.

It was not possi"ble to comply with the request that the test
"boards prefera"bly "be installed adjacent to, or in the vicinity of,
tmtreated piling, as all the piling in the "boat "basin is, and will
continue to "be, of steel. However, close to Test Board No. 1 there
were camels made of untreated wood in front of a hulkhead of steel sheet
piling.

A50.02 gydrographio Ifeta

The depth of water where the test "boards were installed was
18 ft at location No. 1 and 11 ft at location No. 2. The range of
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tide was 2.5 ft, and the strength of the current as determined "by tidal
flow was approximately one knot. The temperatvire of the water
at the time of installation was 70° F. There was said to he no pollution.

A5G.O5 Marine Borers

1. Teredinldae . Teredinidae , including Teredo sp . , were
extremely active and destructive at both locations, rating very heavy
at the second location and heavier yet at the first. They occurred in
all the control panels received from hoth locations, except the first
panel of Test Board No. 2, which clearly indicated that they were "breeding

throxAghout the year. While many of the control panels from hoth test
hpards showed only pits or minute specimens, tunnels up to 70 mm in
length were recorded in a panel of the hoard at the second location.
One control panel which had heen ecrposed from Octoher 10 to November
10, 19^6, at the first location was riddled, and one at the second
location that had "been exposed from January 10 to February 11, 19^7

»

was filled.

All five test pajiels that were removed during the months of May
to November (December panel was lost), after h, 5, 6, 7, and 8 months'
exposure, respectively, at the first location were either filled or
riddled, with some specimens up to 190 mm in length. At the second
location, all the test panels that were removed from August to December
after 7 or 8 months' exposure, were more or less filled, with speci-
mens running up to 220 mm in length. It thus appears that the period
of most active growth ranges from May to December.

2. Limnoria . Llmnoria also were active at both locations through-
out the period for which the test boards were operated, occurring in
all panels received, both control and test, except in the first panel
of the control series at the second location. At the first location,
the attack in the control panel submerged from October 10 to November
12, 19^6, was exceptionally severe and rated medium heavy. At the
second location, the attack was exceptionally severe in 2 of the
control panels, rating heavy in one panel submerged from January 10 to
February 11, 19^7^ and medium heavy in one inadvertently exposed for
two months from April 10 to June 10, 19i^7• Such outstanding attacks
in control panels demonstrate the ability of Limnoria to destroy wood
very rapidly in comparatively short periods.

In the test panels, the Limnoria population fluctuated within
certain limits but, in general, maintained a fairly higja level, with
the maximum attack at both locations ranging from the lower limit of
the hea-vy rating in 19k6 to well up in the same rating in 19^7'
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5. Pholadldae . No Pholadldae vere recorded at either location.

A50 . Ok 'FovLJlDf^ Afients

1. Silt . Deposits of silt, rangiiig from traces to light or
sometimes medium, occurred on all the panels, "both control and test,
at "both locations.

2. Algae. Algae occurred as traces to light growths on 5
of the ik control panels and on 6 of the 15 test pemels received from
location No. 1. At the second location, they were more prevalent,
occurring as traces to light or rarely moderate growths on 15 of the
16 control panels and 12 of the I6 test panels, one of the test panels
"being ^0^ covered. These growths were mostly green, although red and
"brown algae were also noted.

5. InverteT>rate ftnlTnn,1 phyla .

a. Coelenterata (hydrolds ). ^droids occurred on i|- of

the Ik control panels and on 7 of the 15 test panels received from
location Wo, 1. At the second location, they were more widely prevalent,
occurring on 9 of the I6 control panels and on 12 of the I6 test panels.

However, they were limited to traces and light growths. Tuhularia
was the only form identified.

h. Bryozoa (encrusting and filamentous ). Traces of

encrusting Bryozoa occurred on 2 control panels and on only one test

panel at the first location. At the second location, they occurred
only on a single test panel. Traces of filamentous Bryozoa occurred
on only one each of the control and test panels at the first location,

and none were recorded at the second location.

c. Annelida (annelid worms ). Serpulid worms occurred
more or less ahundantly on 8 of the 15 control panels and on 11 of the

test panels at the first location, seme of the latter "being from 25/^

to 501^ covered. At the second location, they occurred only on k of

the 16 test panels. Senaula and Spirorhia were present at "both locations.

d. Mollusca (non"boring mollusks ). A single specimen or

Ostrea (oysters) was recorded on one of the test panels from the second
location.

e. Chordata (txmicates ). A few colonies of Botryllus
schlosseri occurred on only a single panel of the control series at
the first location.
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A50.05 Sunnnarj and ConcltiBlons

1. Inata] latlon . Test iDoarcLs of the panel type were operated
at two locations on Wake Atoll from January 10, 19^6 to June 10, 19^7

»

to determine the Identity and preyalence of marine borers and fouling
agents.

2. Test Results ,

a. Borers. Teredlnidae were extremely active ajid destructive
at toth locations, and breeding occurred continuously throughout the
year. The attack rated very heavy at "both locations and especially
so at the first location. Limnoria also were active at "both locations
throughout the year, the attack rating heavy. No Pholadidae were
recorded at either location.

h. Foulinf^ Organisms . Silt, algae, and invertebrate
Einlmals "belonging to 5 phyla contrihuted to fouling of the peuiels.

The phyla comprised hydroids, encrusting and filamentous Bryozoa, serpulid
worms, oysters, and tunicates. Silt occmrred regularly on all the
panels ^at hoth locations . Algae occurred on most of the panels at
location No. 2 but only sporadiceilly at location Wo. 1. HydrOids and
encrusting Biyozoa occurred frequently at location No. 2 but only
sporadically at location No. 1. Serpulid worms occurred fairly fre-
quently at location No. 1 but only occasionally at location No. 2.

The occurrence of the other organisms was purely sporadic or occasional.
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Section 51

MIWEPOK ATOLL, MARSHALL ISLAHES — 592D KA.VAL COHSTRTOTION BATTALION'
MAUJTEHAMCE UHIT

A51 . 01 Location of the Test Station and Teat Board

A test Ijoard of the panel type vas operated "bj the 592d Nayal
Construction Battalion Maintenance Unit at Enlvetok Atoll, Marshall
Islands, frcm March 11 to August 11, 1946, vhen It was discontinued
as a result of the cessation of military actlTlty at this location.
This test hoard was designated hy the symbol USBAT-1. No Infoimatlon
was given with regard to Its exact location.

A51,02 Bjdrographlc Data

The depth of water at the location where the test "board was
installed was 20 ft; the tidal range was k ft; the velocity of the
current was ahout 2 knots. The teiQ>eratxire of t^e water at the time of
Installation was 82° F. The water was relatively free from pollution.

A51. 05 Iferine Borers

1. Teredlnldae . Teredinidae (no determioations made) were
active throughout the "brief period of the test. They occurred in 2
of the k control panels that Were received. One of these panels con-
tained only 12 specimens, no specimen was more than 15 mm in length,
and the other pemel had only seven Juvenile forms. The "breeding season
at this location is pro"ba"bly continuous. Teredinidae also occurred
in all k of the test panels received. The test panel removed at the
end of one month contained 5 specimens up to 10 mm long; the panel
removed at the end of 3 months was filled with specimens up to I50 mm
long; the panel removed at the end of k months was half filled with
specimens up to 45 mm long; and the panel removed at the end of 5 months
was filled with specimens up to 58 Dtm long and also contained many
stenomorphs. Although the test was conti-iued for only 5 months, and
the second one of the test panels and its accompanying control panel were
lost, it is apparent that the attack was very hea'vy.

2, Llmnoria . Llmnorla were very active at this location, and
there was a rapid increase in numbers up to the time the test was
terminated, thus indicating that If it had heen continued longer, the
attack would have "been much heavier. In the control panels, the
nomber of Llmnoria tunnels in the h received was 6, 10, 42, and 66O,

respectively. No LiiTiriorla were recorded in the first test panel sub-

merged. The second panel was lost, and there were 85, 75* ancL 2,600
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tunnels, respectively, in panels submerged for 5^ ^f Bsid 5 months.
The Llmnoria attack at this location was rated as moderate on the
strength of the maximum number of tiuuiela recorded, but undoubtedly
it vould have been much heavier had the test been conducted longer.

3. Pholadidae . No Pholadidae were recorded at this location.

A51.04 Fouling Agents

1. Silt . Silt occurred on all the panels of both the control
and test series, the deposits ranging from traces to moderate in each
series.

2. Algae. A trace to a li^t growth of green algae occurred
on the first 2 control panels and on the first 2 test pemels received.

5. Invertebrate animal phyla .

a. Coelenterata (hydroids ) « Bydroids occurred as traces
on 5 of the k control panels and as traces to light growths on 5 of
the h test panels received.

b. Annelida (marine worms ). A trace of serpulid (Serpula )

tubes occurred on one control panel and on 2 test panels.

A5I.05 Summary and Conclxiaions

1, Installation . A test board of the peuiel type was operated
by the 592d Naval Construction Battalion Maintenance Unit at Eniwetok
Atoll, ^farshall Islands, from March to August in 19^6, to determine the
identity and prevalence of marine borers and foiiling organisms occurring
at this location.

2. Test Results .

a. Borers . Teredinidae occiirred in destructive numbers,
and the severity of the attack was rated as very heavy. The breeding
season is probably continuous. Limnoria also were very active, and the
attack rated as moderate, although increasing rapidly at the time the
operation of the test board was discontinued. No Pholads were recorded
at this location.

b. Fouling Orgsjiisms . Silt, green algae, and invertebrate
animals belonging to 2 phyla contributed to fouling of the panels. The
phyla were hydroids and serpulid worms. Bydroids occurred with the greatest
frequency, ajid serpulid worms sjid green algae occurred as infrequent
traces.
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Section 52

MAUUS ISLAMD, AKMIRALTI ISLAHDS — UUrDEHTIFrED MYAL BASE

A52.01 Location of the Test Station and Test Board

A test "board of the panel type was operated at an unidentified
Nayal Base on Meuiiib Island, Admiralty Islands, from February 19 to

Octoher 2, 19k6, vhen it was discontinued "because of the inactlvatlon

of this Base. Ho information was given as to the location of this

test "board, designated as USIK-l, other than that it was at Murzlm
Pier. It was reported that no marine borer activity had been evident
in this area within the past two years.

A52 . 02 Hydrographic Data

The depth of water where the test board was Installed was
10 ft. The tidal ran^e was given as follows: mean, l.k ft; diunml,
1.7 ftj and spring, 5.0 ft. There was no current. The temperature
of the irater at the time the board was Ins'talled was 70° F. With regard
to pollution it was stated: "Ten colonies per culture plate; acid- and
gas-forming bacteria were present."

A52.O5 Marine Borers

1. Teredlnldae . The duration of this test was so brief that

only 6 sets of panels were removed, and the fourth control panel
never -vTas received. Teredlnldae , including Bankia sp. and Teredo

(Lyrodua ) sp., occurred in 5 control panels. The first peuiel had
only 16 minute pits; while the second, submerged for one month, contained

210 specimens, some of which were as much as 75 mm long. The tliird

panel, submerged for 2 months by mistake, was filled with specimens

up to 85 mm long. The fifth panel, also submerged for 2 months by
mistake, contained only k specimens, ranging up to 50 mm long, and
the sixth contained 50 specimens up to 7 Jnm long.

The first one of the test panels, submerged for one month,

showed only 56 minute pits. The second panel, submerged for 2 months,

was filled with specimens up to I05 mm long. The tlalrd and fourth,

each submerged for k months, were both riddled with specimens up to

180 mm long. The fifth, submerged for 6 months, was riddled with speci-

mens up to 250 mm long. While the dijration of the test was entirely

too short to eifford an accurate picture of the attack by Teredlnldae ,

It clearly shows that they were active throughout the period covered
by the test, apparently starting to breed about the middle of February
anfi rapidly becoming destructive. The breeding season at this loca-

tion is probably continuous. The attack rated very heavy, with panels

becoming filled or riddled within 2 or 5 months.
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2. Llmnorla . Llmnorla were active In all the panels throughout
the period of the test, and the attaclc rapidly became destructive. In
the last control panel submerged for leas than a month (from August 10
to September 2), the attack rated slightly ahove moderate. In the test
panels, the Llmnoria population rose rapidly, attaining a rating of
heavy in a panel removed August 10 after having "been submerged for 6 months,
although somewhat lower in the last panel.

5» Pholadidae . No Pholadidae were recorded at this location.

A52.0ll- Fouling Agents

1, Silt . Silt occurred on all the panels, "both control and
test, ranging from traces to lig^t deposits.

2. Invertebrate anlmfl.! phyla .

a. Coelenterata (hydroids ). Hydroids occurred on all the
panels, both control and test, ranging from traces to light deposits.
Tubularia was the only form identified.

b. Bryozoa (encrusting ). Encrusting Bryozoa occurred
on 3 of "til© 5 control panels and on k of the 6 test panels. They
were mostly few in number. ELectra monostachys was determined in
one case.

c. Annelida (annelid worms ) . Serpulid (Serpula ) worms
occurred on one of the control panels and on k of the test panels.
They were few in number in 2 of the latter, but the other 2 test panels
contained 50 to 65 tubes, respectively.

d. Arthropoda (crustaceans ). Balanus (barnacles) oociirred

on the first 5 coatrol panels and on the first k test panels,
the greatest number on any single panel being 25 barnacles. On the control
panels, the maximum diameter of the specimens was 10 mm., and on the
test panels, the maximum was 15 3imi on one panel exposed for k months.

e. Mollusca (nonboring mollusks ). A dozen Juv^iile speci-
mens of Ltrfcilus (mussels) occvirred on a single control panel.

A52.O5 Summary and Conclusions

1. Install ation . A test board of the panel type was operated
at an unidentified Naval Base on Manus Island, Admiralty Islands, from
February 10 until its discontinuance after October 2, 19^6.
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2. Test Resulta ,

a. Borers . Teredlnldae were active in all the panels
throughout the "brief period of the test, the breeding season apparently
"being continuous. The attack rated very heavy in panels exposed only
k months. Limnoria also were active in all the panels throughout the
test, the attack rapidly hecomlng destructive and rating heavy. No
Pholads were recorded at this location.

"b. Fouling Organi833ia . Silt and inverteljrate animals
"belonging to 5 phyla contri"buted to fouling of the panels. The iilverte"brates

comprised hydroids, encrusting Bryozoa, serpulid worms, "barnacles, and
mussels. Silt and hydroids occurred regularly on all the panels.
Encrusting Bryozoa, serpulid worms, and "barnacles occurred less frequently,
and mussels only once.

The operation of the test "board was not continued long enough
to provide conclusive information on the "breeding ha'bits and development
of the marine "borers and fouling organisms at this location, "but the
conclusions reached from its study show the general trend.
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Section 55

Espmrro sahto islahd, mw bebriubs — u. s. myal awahced base

A55.OI Location of the Test Station and Test Boards

Four test boards of the panel type vere installed Aiigust 10 > 19li4,

at different locations at the U. S. Maval Advanced Base Depot on Espiritu
Santo Island, New Hel)rides. Because of the varying conditions, four
representative locations were selected. Two of these locations were in
Segond Channel, one in Pallufculo Bay, and one in Turtle Bay, "but the exact
locations were. not disclosed for security reasons. It appears from
correspondence, however, that Station No. 2 was on Aore Island, which is

sepeurated from Espiritu Santo Island "by Segond Channel. The test hoards
at Stations 2 and k were missing on the inspection date in Octoher 19^5*
apparently having "been carried away diiring a stom. The curtailment of
military actlvi-ty at that time made it necessary to discontinue the
operation of the hoards at these stations, and the opei^tion of those
"boards at Stations 1 and 5 was discontinued after January 10, 1946. These
test boards were designated by the symbols USHXX-1, 2, 5> sjid. k,

A55.O2 Bydrographic Data

1. Station No. 1 . The test board at this location was submerged
in water 29 ft deep where the tidal range was 5 f"t smd. the current
fairly slow. The water was clear and clean at each of these locations
and was recorded as having a temperature of 78° F at the time of in-
stallation. The test board was located 5 ft from treated piling.

2. Station No. 2 . The test board at this location was sub-
merged in water 28 ft deep where the tidal range was 5 ft and the current
fairly slow. It was located 5 ft from treated piling.

5. Station No. 3 . The test board at this location was sub-
merged in water 28 ft deep where the tidal reinge was 5 ft and the current
fairly slow. It was located 10 ft from treated piling.

h. Station No. h . The test board at this location was sub-
merged in water 15 ft deep where the tidal range was k ft and the current
fairly slow. It was located neai* the pontoon dock.

A55.O5 Marine Borers

1, Teredinidae . Teredinidae were extremely active and destructive
throughout the period of the test, occurring in every control and test
pajiel at each of the four locations. They were so destructive that it
was requested in November 19^4 that all panels on the test boards be
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removed aiid replaced with panels 2 inches thick. This change was made
on January 10, 19^5. In Novemher 19^5 it was requested that the panels
on the test "boards te removed smd replaced "by a new series to he
operated on a if-month "basis instead of on the 8-month basis which was
"being employed. The panels on the test boards which were still being
operated at Stations 2 and k were removed on Jeuiuary 10, 19k6, and the
operation of these boards was discontinued at this time.

»

In many of the control pajiels at each location, Teredinidae
were embryonic, but they ranged up to h3 mm, 120 mm, UO mm, and 12 mm
in length at locations 1, 2, 5^ sloI k, respectively. The TOftTlTtnTtn

number recorded in any one of these panels was 660 up to 12 mm long at
locatio'n No. 1, approximately i«-,000 up to 15 mm long at location No. 2,
approximately 1,000 up to 2U mm long at location No. 5, and 660 up to
10 mm long at location No. 4.

Most of the test pauiels at each location were either filled or
more or less completely riddled. They became riddled when submerged
for as brief a period as 5 months, tfeiximum lengths of 280 mm,
525 ram, 520 mm, and 510 mm were recorded at locations 1, 2, 5, and 4,
respectively. An unusual number of species was recorded on panels from
these locations. Those species identified included Ban]<ria hawaiiensis .

Teredo (Lyrodus ) diegensis , T. (Lyrodus ) sp., T. disconus , T, fullerl ,

T. gregoryi , T. milleri , T. trulliformis , T. (Psiloteredo ) sp.,
T. CTeredora ) sp., and Teredo sp. The attack rated very heavy at all
four locations.

2. Limnoria . Limnoria were active throughout the period of the
test, occurring in all the panels, both control and test, at locations
5 and k and in nearly all of both types at the other two locations. The
maxlTmim attack rated medium heavy at locations 1 and 2 and heavy at the other
two locations.

5. Pholadidae . No Pholadidae were recorded at any of these
locations

.

A53.0l|- Fouling Agents

1. Silt . Silt occurred on all the panels, both control and
test, at each of the four locations; nearly all the deposits ranged
from traces to light.

2. Algae . Green algae occurred on only 2 control panels at
location No. 1, on one control and 2 test panels at location No. 2,
on 5 control panels *'and 9 test panels at location No. 5* and on 8

control and 10 test panels at location No. h. The growths were mostly
traces but were occasionally light.
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5. Iaverte"brate ap-iTnwi phyla >

a. Forifera (sponges ). Ten colonies of an encrusting
sponge were recorded on a single test panel at location No. 1, but
none wtiatever occiirred at the other locations.

"b. Coelenterata (hydroids ). Hydroids, ranging from traces
to occasionally light growths, occurred on nearly all the panels, "both

control and test, at all four locations.

c. Bryozoa (encrusting and filamentous ). Encrusting
Bryozoa occurred quite frequently at all four locations, "being recorded
on 20 of a combined total of 58 control panels and on 59 of a combined
total of 72. test panels. The number of colonies per panel ranged from
one to 50» Cryptosula Egllasiana, Cryptosula sp., ELectra . , and
Holoporella sp. were identified. FilataentouB Bryozoa occurred on 6
control panels and on 5 test panels at location No. 1, and on one

panel of each type at location ITo. 2, but did not occur on any of the
panels at the other two locations. The number of colonies on any one

panel ranged from 1 to 2l|.. Bufnila sp. was the only identification.

d.^ Annelida (annelid worms ). Serpulid (Serpula ) worms
occurred quite frequently on panels, both test and control, at locations

1, 2, and 5/ "but only on 2 test panels at the other location. They
occurred on 15 of a combined total of 58 control panels and on k9 of

a combined total of 72 test panels, ranging from a trace to numerous.
At location Ko. 5; six test panels removed consecutively were covered.

e. Mollusca (nonboring mollusks ). A trace of Ostrea
(oysters) was recorded on one of the test panels at location No. k.

The maximum diameter recorded was 55 djdi. A trace of Anamla (jingle-
shells) was recorded on a single test panel at location No. 2 and
on 2 test panels at location No. k» The maximum size attained was
kO mm in diameter.

f

.

Chordata (tunicates ) . Botryllus schlosseri was recorded
on a single control panel and a single test panel at location No. 2,
there being one and 10 colonies, respectively, at these panels.

A55.O5 Summary and Conclusions

1. Installation . Test boards of the panel type were operated
at four locations at the U. S. Naval Advanced Base at Espiritu Santo
Island, New Hebrides, to determine the Identity and prevalence of
marine borers and fouling agents. The boards were installed on August
10, 19^; two boards were operated until September 10, 19^5 > an<i the
other two until January 10, 19^6.
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2. Test Besiats .

a. Borers . Teredlnldae were extremely active and destructive
throxigliout the period of the test, occiarring in every pemel, "both control
and test, at each of the foxir locations, with the "breeding season
extending throughout the year. Test panels at each location were riddled
when Buhmerged for as brief a period as 5 months. The attack rated
very heavy at all four locations. Llmnoria also were active throughout
the period of the test, occurring in all the panels, "both control and
test, at locations 5 sxi6. k and in nearly all of "both types at the other
two locations. The maximum attack rated medium heavy at locations 1 and 2
ajid heavy at the other two locations. No Pholadis were recorded at any
of these locations.

"b. Fouling Orfcanisms . Silt, green algae, and inverte"brate
anijuals "belonging to 6 phyla contrihuted to fouling of the panels. The
phyla were encrusting sponges, hydroids, encrusting and filamentous
Bryozoa, annelid worms, nonhoring mollusks, and tunicates. Silt
occurred on all the panels, "both control and test, at each of the four
locations, ^droids and enc3rusting Bryozoa occiurred qtiite frequently
at all four locations and green algae somewhat less frequently. Serpulid
worms occurred quite often at locations 1, 2, and 5 "but were scarce
at the other location. The filamentous Bryozoa occurred sporadically
at locations 1 and 2 hut not at all at the others. The occurrence
of the other organisms was largely occasional.
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Section ^k

ETOIMEA, HEW CALEDOKIA — U. S. MVAL ADVAHCED BASE

A5i)-.01 Location of the Test Station and Test Board

A test "board of the panel type vas operated at the U. S. Haval

Advanced Base at Koumea, Nev Caledonia, from July 19^ 19^ to May

28, 19h6. No details were given as to the exact location of this test

hoard, which was designated hy the symbol USMC-1. Its operation was

discontinued with the cessation of military activity at this location.

U. S. Kaval Activities at Woiimea were placed in a caretaier status in

June 19^1-6 and were disestahlished in May 19^7.

A54.O2 Bydrographic Jjata. -

The depth of water where the test hoard was installed was

52 ft at mean la\r water; the tidal range averaged k.^ ft; the velocity

of the cun'ent was not more than one knot. The temperature of the water

was given as 68° F to 72° F, hut it is not clear as to Just what portion

of the year this applied, or whether it is the range for the year. The

water was repo:cted to he polluted hy sewers of the City of Noimiea and
hy ships tied "up at the piers.

A54.O5 tfarine Borers

1. Teredliiidae . Teredinldae , including Teredo (Cornuteredo )

medilohata ajad T. (Lyrodus ) sp., occurred sporadically in 5 of the 22

control panels, hut all specimens were emhryonic or minute; the maximum
number recorded in any one panel was 15 specimens. The hreeding season

extends from the middle of July to the middle of March. Teredinidae

also occurred rather sporadically in I5 of the 22 test panels, hut mostly
in small numbers; in fact, the numher exceeded 8 in only 2 panels.

One of these panels had from 80-100 specimens, ranging from embryonic

to 10 mm in length. Panels removed from February to March of 19^5^ after
8 months' submergence, had tunnels from 6O-I8O mm in length, while the

greatest length recorded was in another panel with the same period
of submergence, removed November 27. The maximum attack by Teredinidae

at this location was considered to rate as moderate.

2. Limnoria . Llmnoria occurred with great regularity and
abundance at this location. There was only a single control panel where

it was not recorded, and in one panel there was an average of I5

tunnels per sq. in. (l*980 in all). From the time the test board was

submerged in Jtily 19kh there was, in general, a gradual increase in

the Llmnoria population until a peak rating of very heavy was attained
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In an 8-month panel remoTed in May 19^5 • After this, the nxmiber of tunnels
fell abruptly and remained fairly low through Octoljer 19^5 > and then
suddenly attained a high peak, with never less than 75^ and mostly $0,
tunnels per sq in. from then until the termination of the test at the

end of Meiy 19k6. The Hmnpria attack thus rated very heavy in "both 19^5

and 19^6.

5. Pholadidae . Wo Pholadidae were recorded at this location.

A54.04 Fouling Agents

1. Silt . Traces of silt occurred on all the panels except
one of the controls. On the control panels, there were mostly traces
"but sometimes light deposits; while on the test panels, silt mostly-

ranged from traces to light, but sometimes moderate, and once heavy.

2. Invertebrate animal phyla .

a. Forifera (sponges ). Encinsting sponges occurred on
9 of the 22 control panels and on 11 of the 22 test panels . On the
test panels, it occurred on all except one of those panels removed
from November 20, 19Mi- to October 20, 19l»-5. While these painels

were mostly limited to occasional colonies, there were as many as 50
on a test panel, ajid 2 control panels were recorded as 25^ and 50^
covered, respectively.

b. Coelenterata (bydroids ). Bydroids occurred on most
of the panels, but they were absent on the control peinels removed after
October 19^5 and also on the test panels removed dviring the months
from Decemher 19^5 through April 19^6. They rated as traces on
the control panels £ind as traces, hut sometimes light, on the test
panels.

c. Bryozoa (encrusting and filamentous ). Encnisting
Bryozoa occurred more or less abundantly on all the control panels
eind on all except one test panel. Nine test panels were from 25/^ to

80^ covered, eind even one of the control panels was 75^ covered. In
most cases, the orgajiiam was identified as Cryptosula pallasiana
or as Cryptosula sp. , but Hippodina feegeenis and Watersipora cucullata
also were identified. Filamentous Bryozoa were recorded on 3 control
panels and on 2 test panels, hut mostly as traces.

d. Annelida (annelid worms ). Serpulid (Serpula ) tubes
occurred more or less abundantly on all but 5 of the 22 control panels

and on all of the test panels. One control panel was 5^ covered, and
one test panel was 12^ covered. The maximum length of the tubes recorded
on the control panels was kO mm, while the TnaYlmum tube length on the

test panels was 60 mm.
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e. Arthropoda (cmstaceana ) . Balanua ('barriacleB ) occurred
more or less aljundantly on only 5 of the 22 control panels and on all
the test panels that were removed "before Octo'ber 20, 19^5^ hut only
as minute traces on 2 of the 7 test panels removed thereafter, although
these panels had "been suhmerged for 8 months. Seven test panels suh-

merged from 5 "to 8 months were from kO^ to 93i' covered. The maximum
diameter recorded on any of the control panels was 6 mm, while on the
test panels, a mn.y1nium diameter of I6 ram was recorded on a panel suh-
merged for 8 months.

f. Mollusca (nonhorlng mollusks ). A trace of Anemia
(jingle-shells) was recorded on 3 control panels and on only a. single
one of the test panels. A single specimen of the family Pterldldae
was also found on one of the test panels.

g. Chordata (tunicates ). Tunlcates were recorded on
2 control panels and on 2 test panels. They occurred as mere
traces except on one of the test panels, which was 10^ covered. In
two cases the organism was identified as Botryllus schlosserl .

A5^.05 Sximmary and Conclusions

1. Install ation . A test hosird of the panel type was operated
at the U. S. Kaval Advanced Base at Noumea, New Caledonia, from July
19, I9H until its discontinuance after May 28, 19^6, to determine the
identity and prevalence of marine "borers and fouling organisms occurring
at this location.

2. Test Besults .

a. Borers . Teredinidae occu3?red rather sporadically, and
the attack appeared to rate only as moderate. The "breeding season extended
from the middle of July to the middle of March. Llmnorla , however,
were very ahundant and very destructive, and the attack rated as very
heavy in "both 19^5 and 19*1-6. No Pholads were recorded at this location.

"b. Fouling Organisms . Silt and inverte'brate animals
"belonging to 7 phyla contri"buted to. fouling of the panels. The
phyla coniprlsed encrusting sponges, hydroids, encrusting and filamentous
Bryozoa, serpulid worms, "barnacles, jingle-shells, and timicates. The
hydroids, encrusting Bryozoa, serpulid worms, and "barnacles all occtirred
with great frequency, the encrusting sponges with less frequency, while the
occurrence of the other organisms was purely sporadic or occasional.
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Section 55

OKINAWA, SOUTHWESTERN ISLANDS OF JAPAN — U. S. PACIFIC FLEET SECTION BASE

A55 . 01 Location of the Test Station and Test Board

A test "board of the panel type "waa installed at the U. S. Pacific

Fleet Section Base at Okinawa, Southwestern Islands of Japan, on

February 6, and was operated until September 2, 19^6, after which date the

test "board, together with the decking facilities to which it was attached,

were carried away during a storm. The failure to install another test

"board was pro"bahly "because of the decommissioning of this Base. This

test "board, which was designated "by the symbol USNO-1, was submerged

near the "base of the Eatchln Hanto Peninsula in Buckner Bay.

A55.02 Hydrographic Data

The depth of water where the test "board was installed was 20
ft "below mean low water. The daily range of tide for Fe"bruary 19^6
varied from 0.5 to 6.9 ft. The strength of current was not measured
"but was estimated as 5 to 5 knots. The "boeird was secured to a pontoon
dock at the edge of a tidal chajmel 100 ft wide, in clear and constantly
changing water. Several small ships that discharged their waste into

the "bay were usually tied up to the dock. The teraperatvire of the water
during Fe"bruary 19k6 averaged 68° F. The "board was in the vicinity
of treated piling.

A55.O5 Marine Borers

1, Teredlnidae . While the operation of the test "board at
this location was discontinued shortly after Teredlnidae "became active,
it was clearly apparent from their extremely rapid development that
they were very destructive, and the attack was rated as very heavy.
They appeared to "begin "breeding veiy slowly early in April and rapidly
from June through August. It is quite likely, however, that a more
extensive test would show the "breeding season to "be continuous at this
location. The control panel su'bmerged during June ivas one-third filled
with specimens up to 68 mm long; the one su'bmerged during July had
only 5 minute pits; while the one submerged during August was 85^
filled with juvenile specimens. Test panels su"bmerged on February 6
and removed 5^ 6, and 7 months later were 50^ filled with specimens
up to 60 mm, 75^ filled with specimens up to 125 mm, and filled with
specimens up to 222 mm long, respectively.

2. Llmnoria . Llmnorla did not show axiy sign of development
until Atjgust, and only a trace was recorded during that month. The
loss of the test board and discontinuance of the test made it impossible
to follow their further development.
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A55.01*- Fouling Agents

1. Silt , Silt occurred on all the panels of "both the control
and test series, the deposits ranging from traces to mostly light.

2. Invertehrate «nitnw.i phyla .

a. Coelenterata (hydrolda ). Bydrolds occurred on the last
k of the 7 control panels and on the first and the last k of the 7

test panels. They ranged from traces to light growths, Tubularia was
the only form Identified.

h. Bryozoa (encrusting and f11 nmentous ) . Encrusting Bryozoa
occurred on only one of the control panels and on 2 of the test panels.
Filamentous Bryozoa occurred on the first 2 of the control panels q;"<^

on the first 5 of the test panels.

c. Annelida (annelid worms ). A trace of serpulld (Serpula )

tuhes occurred on 2 of the 7 test panels.

A55.05 Summary and Conclusions

1. Installation. A test "board of the panel type was operated
at the U. S, Pacific Fleet Section Base at Okinawa, Southwestern
Islands of Japaji, during the brief period from February 6 to September
2, 19^6, to determine the Identity and prevalence of marine borers ^Tt^

fouling organisms occurring at this location.

2. Test Results .

a. Borers . Teredlnldae developed with great rapidity,
and their tmmels soon filled the panels more or less completely; the
attack 2:«.ted very heavy. They appeared to begin to breed early in
April aiid rapidly from June through August, but a more extensive test
would probably show the breeding season to be continuous, Ll^nnf^rla

did not show suiy signs of development until August, and only a trace
was recorded during this month; but the loss of the test board and
discontinuance of the test made it impossible to follow their further
development.

b. Fouling Organisms . Silt and inveartebrate animals
belonging to 5 phyla contributed to fouling of the panels. The
phyla comprised hydroids, encrusting and filamentous Bryozoa, and
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serpulld worma. Of these organisms, hydroids occurred most frequently,
filamentous Bryozoa occurred leas frequently, and encrusting Bryozoa
and serpulid worms occurred still less frequently.

The operation of the test board was not continued long enough
to provide conclusive information on the "breeding habits and develop-
ment of the marine borers and fouling organisms at this location, but
the results obtained show the general trend.
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Section 56

BRISBANE, AUSTRALIA — U. S. NAVAL OPERATIIJG BASE

A36.01t Location of the Test Station and Test Board

A test toard of the panel type was operated at the U. S. Naval

Operating Base at BriB"bane, Australia, from July 1, 19^i)- to January

5, 19^5, when the hoard was discontinued because the personnel handling

the installation were assigned to other activities and other locations,

and the Base no longer maintained or operated waterfront facilities.

The test "board, designated hy the symbol USNBA-l, was installed at the

upstream end of the wharf at the Colonial Sugar Refinery Co., Ltd., in

the Brisbane River, approximately 9 miles from Moreton Bay and 20 miles

from the open sea.

A56.02 Bydrographic Data

The depth of water at the location where the test board was

installed was 18 ft at low tide. There was an avei-age tidal range of

6 ft and a maximum of 7^ ft. The maximum strength of the current was

5 knots during ebb and flow tide. The mean temperature of the water was

given as 70° F. The degree of pollution was considered inconsequential.

It was stated that there was an average of 50 vessels in the river but

no city sewage. The water was reported to be muddy at all times.

A56.O5 Marine Borers

1. Teredinidae . Teredinidae , including Bankia (Hausitora ) sp.

and Teredo sp,, were active from September to the end of 19^, when

the test was discontinued. They occurred as embryonic specimens in 5

of the 6 control panels, the last 2 psuiels not being received. The

breeding season extends from September to at least Itecember, and probably

longer. Teredinidae also occurred in the last 6 of the 8 test panels,

which had been submerged from 5 to 8 months, respectively. The maximum

lengths recorded in these panels ranged from 8 mm in 3 months, 10 mm in

k months, 25 mm in 5 months, to 75 mm in 6 months. The maximum number

recorded was from 25O-3OO up to 75 mm long in a panel submerged for

6 months. While this test was not conducted long enough to provide

conclusive information regarding the breeding season and the development of

marine borers and fouling organisms at this location, it is certain that

Teredinidae were present in destructive numbers and, accordingly, the

attack was rated as very heavy.

2. Llmnoria . No Limnoria or other crustacean borers and no

Pholadldae were found in any of the panels.
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A56.0l|- Foullofi Agents

1, Silt . Silt occurred as light deposits on all the control
panels and as light to moderate deposits on all the test panels.

2. Inverte'brate ajilmaT phyla .

a. Coelenterata (hydrolds ). Hydrolds occurred as traces

on all the control panels received except the last one, and as traces

to light growths on all of the 8 test peinels, which had heen suhmerged
for periods ranging from 1 to 7 months.

h. Bryozoa (encrusting and filamentous ). Encrusting Bryozoa
occuired more or less ahundantly on 2 of the 6 control panels ajad on the

first 6 of the 8 teat panels. ELectra sp. was the only one Identified.

Scattered colonies of filamentous Bryozoa (Bugula sp.) occurred on a
sin^e panel of "both the control and test series.

c. Annelida (annelid worms ). Serpulld (Serpula ) tubes
occuixed on the last 2 of the control peinels etnd on 2 of the test
panels. They were few In numher on all "but the last one of the control
panels, where tuhes up to 50 ™i in length covered 80^ of the surface.

d. Arthropoda (crustaceans ). Beilanus ('barnacles) occurred
more or less ahundantly on k of the 6 control pajiels and on all 8
test panels. They attained maximum diameters of 12 mm in one month
on a control panel and 22 mm on one of the test panels suhmerged
for h months. On 2 of the test panels they covered 50^ and 75^,
respectively, of the surface.

e. Mbllusca (nonhoring mollusks ). ttrtilus (mussels)-
did not occur on any of the control panels hut developed in great
ahundance on 5 of the 8 test panels which had heen submerged from
5 to nearly 7 months. The Trw-YiTninn length recorded was 22 mm on a panel
submerged for 5 months. On one of the test panels submerged for 6
months, ^0^ of the surface was covered; and on the last two, which
had been submerged from 6 to 7 months, 90> of the surfaces were
covered.

A56.O5 SuTTgnary and Conclusions

1. Install atlon . A test board of the panel type was operated
at the U. S. Na-val Operating Base at Brisbane, Avistralia, during the
last half of 19hh, to determine the identity and prevalence of marine
borers and fouling organisms occurring at this location.
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2. Test Besults .

a. Borers . Teredlnldae occurred in destructive numbers
and the maximum severity of attack was rated as very heavy. The breeding
season extends from Septeniber to at least December, and probaljly longer.
No Limnoria or other crustacean horers and no Pholadidae occurred in
any of the panels.

"b. Fouling Organisms . Silt and invertel)rate animals belonging
to 5 phyla contrihuted to fouling of the panels. The latter comprised
hydroids, encrusting and filamentous Bryozoa, serpulid worms, "beimacles,
and mussels. The hydroids and tarnacles occurred most frequently,
the encrusting Bryozoa occurred less frequently, while the occurrence
of the others was purely sporadic or occaeional.

The operation of the test hoard was not continued long enough
to provide conclusive information on the breeding hahits and development
of marine "borers and fouling organisms at this location, "but the test
does show the general trend.
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Section 57

AUCKLAHD, MIW ZEALAJH) — U. S. MVAL BASE

A57 . 61 Location of the Test Station and Test Board

A test 'board of the panel type was Installed September I6, 19^^
adjacent to concrete piles at the end of Kings Wharf in Waitemata Harbor

at Auckland, New Zealand. This board was operated until November I6, 19^h,

when this Base was deconnnissioned, interrupting the test after 2 test

panels and the acconrpanylng control panels had been sent for examination.

It was designated by the symbol USOTE-1.

On July lij-, 19i*-5, a new and more appropriate location was selected,

and the second test hoard was instaJ-led adjacent to both wood and concrete
piling at the end of the Export Wharf in the same harhor. This was
done through the cooperation of the U. S. Joint Purchasing Board Puhlic
Works Department, Millars Yard, the Strand, Auckland. The operation
of this test board was discontinued with the forwarding of the last set

of panels on December 15 ^ 19^5*

A57.02 Hydrographlc Data

The first test board was submerged in water from 20 to 50 ft
deep where the tidal range was 12 ft and the current was negligible. The
tenrperatiire of the water at the time of installation was 55° F« There
was very little sewage and silt to pollute the water.

The second board was submerged in wetter from 25 to 55 ft deep
where the tidal range was 10 ft and the strength of the current was only
tidal. Tlie temperature of the water at the time of installation was
55° F. The pollution here was reported to be negligible.

A57.O5 Marine Borers

1. Teredlnidae . Teredlnldae , including Teredo sp., showed
considerable activity on the panels at both locations, but in neither
the 2-month period during which the first test board was operated
nor the 6-month period during which the second test bosird was operated
did they develop beyond the embryonic or minute stages in either the

control 01- test panels. They occurred in both the control panels from
the first location and in the first 5 of the 6 panels from the second
location, but the greatest number in any one panel from either location
did not exceed 15. The breeding season extended from the middJLe of

June through October and probably longer. All the test pajiels except
the first one from the first location showed Teredlnldae, the maximum
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number recorded from the panel submerged for 6 months Tseing 500 of

embryonic size. The maximum attack was rated as moderate, "biat largely

on the hasls- of numbers rather than size or damage to panels. The

changing of the test board locations and the brief period for vhich

either was operated make it difficult to accurately evaluate the deunage from

Teredlnidae in this harbor.

2. Limnoria . Ho evidence of Llmnoria occurred in any of the

control panels from either location. No forms occxirred in either of

the 2 test panels from the first location, and only mere traces occurred

in k of the 6 test panels from the second location.

5. Pholadidae . No Pholadidae were recorded from either location.

A57.0ll- Fouling Agents

1. Silt . All of both the control and test panels showed traces

of silt except one of each which showed light deposits.

2. Invertebrate animal phyla .

a. Coelenterata (hydroids ). All except the last 2 of the

control panels from the second location and all the test panels from

both locations showed hydroids. These hydroids were limited to traces

in most cases, but some showed light growths Tubularia was the

only form identified.

b. Bryozoa (filamentous ). A trace of a filamentous Bryozoa

was recorded on a single one of the test panels.

c. Annelida (annelid worms ). A trace of serpulid (Serpula )

tubes was recorded on a single one of the test panels.

d. Arthropoda (crustaceans ). Balanus (beLmacles) occurred

more or less frequently on all of both the control and test panels from

both locations, but all specimens remained very small. The maximum size

recorded on any of the control panels was only 2 mm in diameter, while

the maximum size on any of the test panels was 5 ™i in diameter in 2

panels submerged for k and 5 months, respectively.

A57 . 05 Summary and Conclusions

1. Installation . A test board of the panel type was operated

for brief periods at two locations In Waitemata Harbor at Auckland, New-

Zealand, between September l6, 19kk and December 15, 19^5^ to determine

the identity and prevalence of marine borers and fouling agents occurring

at this location.
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2. Test Resvilts .

a. Borers. Teredlnldae were fairly active, especially
in the test panels, aljnost throughout the duration of the test, "but

none developed "beyond the embryonic or minute stages. The attack was
rated as moderate, chiefly on the strength of the numher of individuals
present. The changing of the test "board locations, and the "brief period
for which either was operated, make it difficult to evaluate accurately
the damage from Teredinidae or the full "breeding season in this har"bor.

The "breeding season extended at least from June through Octo"ber and pro"ba"bly

longer. Limnoria was recorded as only a trace, and no Pholads were
o"bserved.

"b. Fouling Organisms . Silt and inverte"brate animals
"belonging to k phyla contri"buted to fouling of the panels. The
latter comprised hydroids, filamentous Bryozoa, serpulid worms, and
"barnacles. The hydroids euid "barnacles occxirred with great frequency
euid regularity, "but the others were represented only as mere traces.
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