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HISTORY OF THE SEASON'S SPATFALL

In order to study the spatfall, daily counts were made on
ten shells exposed to the river water while attached to a fixed
support at the station landing stage. These were perforated
centrally and arranged at intervals of 18 inches on two separate
vertical chaina such that the concave surfaces of the shells on
one chain faced up while those of the other were inverted. The
water at the atage_is 7 =8 feet deep at normal half tide so the
support for the shells was arranged in such a way that at that
stage of the tide the top shells were immersed to a depth of 4 -
6 inches, In this position the bottom or fifth shell of each
chain was within & inches of the bottom,

Hopkina ('37),; heas pointed out that the spatfall of oyster
larvae on the rough outer convex surface of shells is ususlly
greater than on the smooth inner concave surface. 1o simplify
countingy; vhich was done with the aid of & 20x lens aystem in &
binocular microscope, the property of Dr. A. B. Needler, only the
spat on the amooth surface were counted, The results of the
counts appear in tabulsr form below (Table I.). After each count
the shells were thorcughly washed s0 as to leave the surfaces
free of any silt and spat that might have settled on them since
the last washing.

Counts on such limited areas ag that of 10 shells might
permit considerable error but when these are repented over and
over throughout the summer the Jependabillty of the results
increase 80 78 to lave at least relative significance even if

guanteatively, they may be in error.



During most of the summer the daily counts were made at
9 A, . The spat counted on any particular day mre therefore
fhose which settled during the previous 24 hours. In this study
the exact time of spatfall is of some importance so that in the
record (Table I.), the set is alwaye listed as cne dny earlier
then the sctual date of cbservation.

A clearer idea of the seasonal variation in spatfall may be
had by averaging the 10 countes for each day and plotting the results
graﬁhically. This latter has Dbeen done below the temperature
curve on Graph I. The curve represents the averszge deily potential
set on clean shell asurface at five different depths at the station
landing stage. For the whole season this totals 182 spat per 10
square inches o¢f shell surface, or in terms of coumercial collectors,
145 per square (counting both aideu).

8imilar counts were made on a chain of inverted shells
suspended from a float in Paugh's erecek but with these daily
observations were imposaible. In a general way the sets at this
station correspond in time with those at the stage but the
gseason's total set, if we compare inverted shells, was only 22k
of that at the landing stage. The results of the Faugh's creek
counts appear in Table IT.

The slighter set may be due partly to the faft that the shells
there were cleaned less often than those &t the stage. Hopkins
('37) shows that dueto fouling collectors gxposed in Oyster bay
for 10 deys before settlement began had only 63% of the collecting

efficlency of fresh collectors,



TABLX II.

Date July August\

14 15 14 17 18 (19 20) (22 22) $3 24 25) (26 27) 28 (29 30 32 1 2)

Depth at g" 4 1 0 20 G 4 4 20
| Hormal 26 0 1 5 4 0 5 10 19
Haolf-Tide 44 3 1 5 4 4 24 4 18
Inverted 62 5 4 7 “ 3 9 3] F
| Shells L0 0 1 7 9 11 & 9 16
Lotal Set

for 12 & 26 ok 18 He 0o 90
Date

Avereze
gset 2eft 146 ) Jet B22 18 18 3Jod Je3 343 3.5 3a0 1.8 1.8 l:8 138 1lg
per shell

August Cont'd Tot=21 Caten % of [
Tor Toetal |

3 4 —geason _ Set
L 1-J
z 15 | Stowing, Lhe 2patfoll on 5 shells
N <
o 6 Suspended from s floal in Fough's Greek
Ly =
o L—O

13 ' 564

1.3 1.2 56.88
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Observations on organisms other than oysters that settled
on the shells are summarized bezlow (Table III.). Here, contrary
to the practise in recordinge oyst r spntfall, the observations
are listed opposite the dates on which they were actually made.
It will thus be understood that 211 the spat recorded fell during

the 24 hours previous te ¢ A. L. of the date ‘isted,



Number and kind of spat. Remarks
Date
¥ussel Slipper Barnacles
Spat  Linpet
June 27 1
28 1
29 2
July 2 1 1 4 All the barnacles were on the
inverted shell 6' below the half-

0 3 il : ' ~ tide surfece.

L 4 2

L 7 116 By far the heavier set was on the

| inverted shells and 211 but 12 set

. 8| in the upper 44! of water.
hxamination of the Faugh's creek
shells showed that there wa. a
heavy settlement of mussels
lariely limited to the upper shell.

- 10 240 52 13 The peak settlement of mussels
occurred at the 43' aevel, All bui
three of the barnzcles gettled below
the 4%' level, :

" 14 53 v 13 The heavier set of barnacles was
on the inverted shells and all
but 4 were below tin 4.' level,

o 16 _ Examnined the Paugh's creek collec-
tors., A heavy set of mussels now
grown to 1 mm, in length. Some
slipper limpets.

Aug. 9 ' ' A light set of mussels during the

last few days.

Where not otherwise stated, the data presented here apply to the
experimental collector shells, ten in number, suspended at lhe landing
stege of the biological station.

Settlement of Spat (O0ther than Oysters) on the 10 Shells Held at

The station Landing Stage.
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{heir correlation with the various spasng of spawniog that
occurred during the summer. =1th £ 2 consequent establisiment of
age groups in the lerval pepulations These groups maturing 8t
different dates, mignt well produce the obaerved waxima. This
attempted correlation study fmlls inte two parts. The easler is
the recognition of isolnted temperature mexime wnich might have
been responaible for distinect spawning burets, The dates of the
various apasms of spawning shoeuld fell in s sequencs similar to thatk
¢f the settlement maxima.

The other part of the study and much the more itime-consuming
of the two is the recognition of a2ge groups from a sige-frequency
distributional analysis of samples of the larval population taken
at regular intervals throwghout the swmmer. Only the first of
thene two parts will be attempted here,

From the data of 1934 and 1976, reporied in last year's accounts

(Medecof '%6), it appears that the lengt £ the free-gpwimming peried
of the larva i3 approximmisly 24~230 days. ITY thereh ('28), observed
thet in #ilford Harbour wiien spawning cceurs in an sres it involves

a great mumber of mdultr. The mans spawning requires a coemparatively
short period of time nnd thus the larvae arve all of approximately
the pame nge and will amture together and all séttle at the same

time withiin a day cor two. Perkins and Heleon ('31l) were able to

geparate broode thal differed in age by only one day, A sharp
isolation of sge groups may n be expected Lo obitain whether lhey

are separeted by long or suort periede in itime of esteblishment,

as was the case at Bllerelie in 193¢ and 1937 respectively, Bach



veried of spatfall will be denlt with in the sequence in which it
cccurred during the seanson,

The First Set - July 16,

This maximum in sprtfall seems to be correlated with a
spawning induced by a rise in tempersnture on June 21 - 22, Although
at the observetion station itself the tempernture did not rise to
the spawning threshold of 20°C. (Churchill '20, Nelson '28), it
is highly probable that the shallower upper reaches of the river
were sufficiently warmed for spawning to have occurred there. o
support this belief the maxinum and minimum air temperntures for

the period are taken from the station records mnd presented here.

Onte Maximum Minimum
June 18 71 9F, 530 ¥,
. 19 . 79 54
. 20 57 48
" 22 66 54

The heating on Jure 20 and 22, (There were no records kept
for June 21.) would no deubt raise the temperature of shallow
waters well above the 20° C. level. <*he rapid falling off of the
temperature on June 23 (See Graph I) would terminate spawning and
thus is#late this firet age group of the season very sliarply.

According to Nelson ('28) there is a considerable latent

reried in the New Jersey watcrs after the temperature has risen



to the spawning threshold, hefore the actuial release of eggs and
sperms. This he concluded from exsaminsntions of plankton samples.
Prytherch ('26) on the other hand during experimental abservation
found that if the ripe oystere are subjected to a sudden rise in
temperature of a few degrees spawning will occur within half an
hour. An examination of the seasnn's récurds will show that all
the temperature maxims inducing spawning were rather abrupt in
thelir establishment, In calculating it seems logicnl therefore to
include the day on which the temperature rise took place as the
first ol the free=swimming period, In tuis cage, that of the first
broeod of the season, the perieod is 24 days.

It is remarkable that on June & and 15, other temperature
peaks were reached which, although higher than that of June 22
segm to have nduced no spawning at all, Larvae may have baen
born on these dates but none were recoguized in the tows nor did
any settlement occur which suggeets thet the oysters were not
"ripe" for spawning at those dates. Another such cnse is ﬁuggested
in the 1936 dete for Ellerslie., Besides this Prytherch ('28),
Hopkine ('31) and others have shown that oysters will not aspawn
unless they have had time to "prepare" for the process, rogard-
less of how the temperature may f{luctuate. It may even reach £5° C.
without producing the resctlon. Hopkins hes summarized the
situation ('37), "aiter the threshold tempercture is passed
gpawnlng 1s dependent on cther factors",.

The Second Set - July 21.

This spatfmll, no doubt, is the result of a spawning induced

by the tempersture rise of Juns 2Bor 27. The fréc—swimmiug reriod


http:Anott.er

" here then is 25 - 26 days. Like the first, this spawning probably

ogeurred onl)y at the hend waters of the river for at the landing
stage the bottom temper:ture, which zlone ig effective, seven feet
down, stood at only 17 - 18 9. The gpawning during the few days
succeeding June 27 must have been meager for the settlement fell
off aharply on July 22. This condition may be amaccounted for by
the relatively calm weather during the interval June 26 - 30 28

is described helows The result was m warming of the surface wvaters
g0 that the epawning wave Jdid not involve the deeper and more
exteneive oyster population,

The Third Set - July 23 - 24,

——

The incidence of this set can best be understooed from an
examination of the we-ther records for ihe period June 26 -~ 30
and a2 gtudy of the bebaviour of the boettom and surface temperatures

ag represen‘ed in Graph 1I. The following data are taken from the

station records. o’
Temperatures =
Late Time Observations Y aximum Yinimun
June 26 7 A.M, Mod., W. winds, cloudy 5605, 51°¢,
J 6 Y., JTresh £. W." , part cloudy8l 58
June 27 7 AJi. JMode E, winds,part cloudy 72 50
6 PoM., Mod. SE, part cloudy 76 61
June 28 7 AJMe Mod, SW, showers 65 51 '
6 P.M. Mod. SN, bright 86 65
June =9 7 AJi. Kod, 8y part cloudy 65 58 |
6 PoM. Mod. SE, part cloudy 77 G5
June 30 7 A.ie Fresh SE,part cloudy,shrs,69 63

é P.M. Neod. SW, pﬁ.rt CIDuay 70 60
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The table shows that thers vwere two days when fresh winds
were blowing. At those times there wns, no doubt a churning of
the waters to some extent aou that spawning took place. 7That a
warning of the hottom waters took place on June 26 is not shown by
the water temperature records - 1t probably wss limited to the
upper watvers of the river as was suggested above but settlement
data support the belief that some mixing occurred. There then
followed a perlod of relatively calm westher when the surface
temperature: were three degrees higher than those én the bottom,
The secend "blow" came on the night of June 29 and the morning
of June 30 with the fresh scuth east windas, The water temperature
regords plainly show that lhere wes a general mixing of the waters
from top to bottom until the tewperature woa almost uniform through-
out, standing between Z1 &nd 2209 C, This sudden change seems to
have brought on the first general wpawning of the season, involv~
ing even the oysters in the deepest part of the channel of the
river. 7The subsequent drop in wster temperstures on July 1 and 2
would limit spawning activity. %The isolation of this mge group
like the last, is not too complete however since the n?xt tem=
perature rise followed very closely.

The advantage of having records of both surface andbottom
temperature deta to masiet in the interpretation or results is
here well illustrated.

Lhe Fourth znd leak Set of the Jeason - July 26 = 28,

Thia set wes probably due to a spawning 8t a time of surpris-
ing heat for that seagon of the year, on July 4, 5, and &6, The

gpawning temperature wa: passed on the first dny - July 4.
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The only record, 20.0° C. of the bottom tespernture which the
gtation has, wns made on that day, a Sunday, at 10,00 A.¥. The
heat of the desy rmet have warmed the water several degrees above this
level and brought on epawning the same day. The larval peribd is
in this instance 23 - 25 days, |

Settlement peaks af4er July 9 were too indistinct to justify
the sort of freatment we have appliesd to the earlier mexima. &

summary of the attempted correlations of likely spawning dates

with those of settlement maxima appenr below.
| 1
Frobable Spawning | Date of Settlement | Length of the ¥ree~ |
Dnte ' MEaximn Swimulng Feriod ;
| | {
June 22 | July 15 24 = Q4 doys |
|
lJune 26 - 27 | July 21 g9 = &b " 2o ]
|
June 30 July 23 =24 24 = =0 . |
July 4 July £6 ~Zo 24 = 2D £ !
i

These free=swimming periods conform very cloaely to those
for 1934 and 1936 in the Bideford river reported in the ' riter's
report for last year, The apvarent fixity in the length of this
period within the temparature ranges encountered during these
three years, would geem to Jjustify the prediction of the detes of
spatfall which the writer has attempted during 7927. It has been
rointed out above that every rise of tem crature is not followed
by a2 spawning even though it be ahove 20° C. Thisghore likely
to be the case during the early prrt ol the season, if it is
possible to generalize from tie limited amount of data =2t our

disposnl. Conversely sbrupt tempersture Tdses which do not reach



the 20° C.

level ot

on spavming in the shaliovey parts
are more guickly warmed and often
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“"The knowledge of the exact location of the setiling
zene is a2s importont te the oyster culturist ss is
the knowledge of the time of seltling."
Grltseif, Irythercn and lekillin (1930)

On July 27th 2 general survey of lhe intemsity of set throughe-
out the varicus parte of Bideford river was macde., After examining
geveral collectors on esch flont studied, a sample of commercial
cultch was made from one thnat seemed representstive. In each case
at least two cement-conted curdboard squares ,were removed and
latelled. <The sample was always taken frow the secoand tier of
squares from the bottom of cone of the lower two collectors in the
bundle of four, IExcept in epeciel crges a marginally placed collector
wes chesen frem the {loat for these counts,.

The spat on both sides of ench.uqu~re were later counted under
a binccular microscope with » 20x lens combinnticn. A square
measures 2+ x 12" and hes a total area of 7.9 sguare lnches or 51
square centimeters, LThere nre 84 sucihh sguares in eachli coliector
and since there are ususlly four colleclors in each bundle there is
little difficulty in determining the catch in terus oi number of
spat per bundle once Lne counte Lnve ceen made.

“he results of the counts appear below in Table IV and the
average set per square for each loeation is shown in tue accompsnying
chart., For convenience in recording, Lhese date are vreported with
other counts made on different dates on samples taken from variovus
places about the district,

When tne observations listed in the above table were compiled,
there were still many umbene larvae present in the water of Bideford

river as plankton catches clearly showed. It was therefore decided
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The Spatfall in the Bideford River District 1937,
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Black figures indicate the number of the leocation (See Table 1¥)s
red figures \indicate the number of oyster spat per single square of
commercial collector.

(To fo®llow page 12)



to move aeveral of the floels from raugh's creek and anchuor them

e

in the river a2t nointa whe- nod sets had heen obtulned earlier
in the season, This was done on July 27-28 in the hopp that here

4 sty 1 ol oW & o . ad ¥t o - b 1 i I . - - n . 4L
vhi3y W 114 raceslive better celchaand that tucee left I Lne ereoek,

being then less erowded tougether, would also benefit by a better

K

catell than they would likely nove received i{ tne crowded conditions

|

ly enoushy that the

i
=
¢
[P

had not been Alleviated., It syvears, iro
potential s %, as Jjddged from Lhe counts on clewn shell c¢collectors,
etwean the dates July 28 epd August 4 was heavier in FPaugh's
creek than at the stage, and further, thnt the sets after July 28
were s0 alight in both places na to nave scarcely warranted the
labour of shifting of the cultcn. These facts ¢an be deduced from
Tablegs I =ad TI.

ome cheervationas were msdce on collectors before anig after

the changes referred to shove yere mnde, and are reporied Lelow.

A Samples were taken from the same pomitione osn the colleciors

as during the spat surve) sper,. The firet made on this date was

from a fleat neld at Chipveard veint after removal from Faugh's
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C. ©Samples were taken frow Hussel Bl!is's float held 100 yaxds
east of the station landing stage afler removel from tue creek.

g Spat on 3 Sguares Averasge per square £ /3

Further sawples were made frow the float referred toc in "@“
of Jul, 31.

ol

e

21 8pat on & aquares \Yerage per aguare oy .
(Approximately)

Avg, 26.

Gamples were made from & flost held in the cove Just east of
Mr., Forbes house since the July change.

5 Spat on 1 Sgyuare Average per square 5

Unfortunately for the sake of cumparison, no counts were made
on collectors that rema ned in Paugh's creek permanently. JFrom
the Table IV it will be seen that the set in the creek up to
July 27 wrs approximately 24 per squrre., 1t thus appears that no
great advantage was gained by the shifting of the cultch, This
conclusion is in keepin, with the cbservations amde on tne experimental
shell collectors.

Ine posalible value of a survey of settlement intensity in
different areas is suggested in this account, sltnough this year
it was conducted too late in tuhe spatting season to be of
practicael benefit to the industry. If collectors can be soved to
areas where settlement ig going on most actively the advantage isa

ebvious, If observaticns such as L. .8 were conducted cver a period

"

of years it might well lead to a knowledge of thne factoers controlling

"set" in these waters and %¢ » mere intelligent choice of creas
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reserved for spat collection than those

- -

hag already been shown in severn]l Joecslities, that although the

extent of spatfall from yesr lo yeer may vary congiderably tne

arecac ol rneximun cettl nt elativ fixi in pwepleisn,.
AFFERDIX IO ik SPAT SITRVI

t

m

€
hes log records of measurements of uwawplee of spat taken at
various times during the supmer from the loeal

Boyles river

Bideford river (lulpit ped)

Grand river

ides the general survey wiich ls reporied sbove the writer
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Data presented in Tablesn I and TT in the diecunsion of the

latery cof the mezson! patfall s #t that Tha spalfal is not

uniform from the surfoce te the bottom e repulte obi i from
the invertad ik upturned shells asg tHey stend however dlispgree

ag to the depti at which the meimu ecurdg, If there is a
depth at whieh a mexing ¢ours one would expect it to =i 1

in both seta of data. The disngreement 1 nobiced while the
twenty-niine dasilly obhservetions reperied haore were still IGe
gress, 1t was [foun én timt the ghells in tlhe collsating chains
which were pls 1 eecentricalkly hun L diiTerant las o Lhe
}1DJ‘5.25*“'L~ 1o The limits of the angies were eatipeted wilh & pro-

tragtor for each of the ghells held 2t the stage, .

s i g% e Y- il i e i3 -
1;.‘.)(:11 t') eommercial colrlectors of the sama B ieral

L3

type as those ured at Hllerslie, and tc plaue glas: surfaces hel
at fixed angles in wire brackets. ;

1t is interesting Lo note here Loal nuespension of egg-ease
filler culich vertically from floats as practised at Ellerslie,

eresents o gres=t denl of horizontal surfo e z2vailabide to the sett-

-y
! [}

ling larvae, Hopkins ('9

4
H
ol

has recently introducead this system
on the Facifie coamst and compares its grenter success with that

formerly practised in which the collectors were thrown flat on
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tidal flats leaving all the collecting surfaces vertical in
rvosition.

Hopkins' data have been plotted gfaphical“y, Graph II, along
with those obtained 2t Ellerslie in the study of the effect of
crowding on the set on commercial collectors, reported in Table V.

Surmery of Table V,
Total Sets on Various Surfaces.,

;
| Surfece Total % of entire
7 Set Catch
gpper Horizontal 138 i -
Vertical 187 i 31

E 47

Lower HoriZOntal‘ 283

Hopkins ('37) has pointed out that the irregularities of
the concrete film coverling the cardboard collectors tend to
decrease the horizontal component of 2 horizontzl surface and
to introduce a vertical component. Like wise the vertical com-
ponent of 2 vertical surface is deecreased @nd = horizontal com-
‘ponent is introduced. The larvae will react to such surfaces
differently in proportion to their departure from true plane
surfaces., The final effect, if we represent it graphically, will
be a flattening of our curve referring to place surfaces, Graph Il

The fact that the per“centage of spatfall on the upper hor-
izontal surfaces is much higher in Bideford river than in Oyster
bay (Hopkins *37) may be due to a difference in the irregularity
of the concrete surface films used in the two areas, or to some

genetic difference between the two speclies of oysters which might
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result in difference: in larval behaviour. JThere seems to be
little difference in their reaction to vertical surface (See Graph II).

The smooth inner surface of the coyster shell on which
counts were made at Bllerslie during the present study were
concave and therefore eannot be trented as plane surfaces., 7This
arching of a smooth surface might be expzcted to effect the
extent of settlement in the same direction as would coating a
pléne surface with concrete. The distortion of the curve from
that typieal of plane surfaces introduced by @ curvature such
as that of a normal oyster shell however would serreely seem to
be as grent ad that produced by coating a plane surface with =
conerete film of the type used in the Bideford river. A correction
factor which might be applied to the shell catches to compensaté
for an nclinstion of any particular angle might therefore be
intermediate between a similar correction which would be applied
to 2= plane surface and one coated with & concrete film. Xor this
purpose a dotted curve, representing the mean between Hopking!
curve for plane glass surfaces and those of commercial collectors
at Ellerslie, has been drawn in Graph II. This is used tenta-
tively rs a‘brsis for correcting settlement dater referring to
inclined shells.

In the table below are listed the angles of inclination of
the ten shells held at the landing stage and the percentage
correction factor which is tentatively applied, as read from \
Graph II, to reduce the counts to & comparative bamis, that is, to
equivalent sets on & horizontal surfrnce of clesn shell., With

these is listed the totsl sets for the sesson on each of the shells
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TAELE

CorrectionI

{

| 1
]
Depth of | Angle of Seeaon's Equivalent; Up-turned |[% of
Shell at | Inclina- Head | Catch tet per jand inver- total
lalf-Tide tion from From per 10 sqds 10 ag. ins, ted shells Fatch
[n Inches liorizontal Graph II. in shell | of plane combined | ..
t hor. shell e
| aurface depth
| Inverted Shells E |
| ;
18" i 00 20% 223 | 268 319 14
36 30 41 214 l 502 | 390 18
54 10 30 368 | 478 | 516 26
| , |
72 80 48 269 | 398 . 461 | 21
90 30 45 262 | 374 | 462 | 21
i ' |
Up-Turned Shells i
18" 45° -12% 586 | Bl |
36 50 +14 | 102 | 88
54 45 | -12 94 83
72 60 =14 74 83
20 60 ~14 169 138
| |
| |

A summary of Table I, redueing the deota to a comparative basis.
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held at the landing stage per 10 square inches of shell and the
corrected set.

In this altered condition it will be seen that the two sets of
data, for inverted and upturned shells, are moreé nenrly in sagreement
and show that on a stationary set of cellectors there is a definite
relation between depth and intensity of set. The combined results
for inverted and upturned shells are plotted in Graph III. Hopkins
(*37) has expressed the same set of conditions as obtaining in
Oyster bay =as shown by co:nté on chains of collectors attached to
floatse The numerical data of nis two most extensive series of
counts summarized in his table nu ber 34, are here reproduced graph-
ieally and have been drawn in the same diagram as the above, Graph IIX
There are no extensive data available for the Bideford region that
are exactly companrative. The Paugh's creek shell collectors jhowever,
were 1ikewiae puspended from fleats. <The correction angl. s were
never measured for these shells since they were lost in the gale of
August 1. The data are nevertheless plotted ms they stand in Table
II, on Graph III, as are also the avera,es of settlements at diff-
¢rent levels on comrercial collectors held on floats =2nd reported in
the section on the effect of crowding collectors on the intensity
of settlement, for the date Auguat 17. 7The latter are taken from

Table V znd are summarised below.

Vepth of Sample | Averapge Set Average Set Expressed
Below Surface Per Square an % of the total catch
§ = | - | | 13%
16 - 18 18 ' 22
26 - 28 53 j 65
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There are some additional data available which unfortunately

aprly to a different date and therefore cannot be included in the
above table. On July 26 the following counts were made by br.

Needler on samples from a collector hung deep from the stage.

| T

Depth of Sample Horizontal Surfacel Vertical Average per
Below Surface |

At Half-Tide 1 Upper ___Lower| ' Square |
aBll | I I
(Prom top of 9 j 21 22 ' 26
Bund].e) . I|
6o" ' i
(From bottom - 17 45 | 28 45

of Bundlej, :
L ‘ |

It will be seen from a comparison of this table with that
immediately above that when collectors are held nesr the surface

the top layers receive only 20% of the catch settling on the

bottom layers of a bundle. When the collectors are hung deeper
the catch nenr the top is 56% that of the bottom. ‘The practical
importsonce o% this observation is obvious and is referred to again
in the section on reconmwndntioné for modifying the present
arrangement of collectors cn floats.

All the datas presented in this sectiun agree in suggestiing
that a level of maximum settlement does occur at some depth below
the surface and the two longer series of data for the Ellerslie,
Table I and 1II, indicate that tnis'depth is 4 to 5 feet below the
gurfece at normel half-tide, No direct explanation is offered
here for this pecullarity of settlement and there are in the liter-
ature familiezr to the writer only two records of observations that
can be considered comparatively with the Ellerslie data. Cne is

that of Hopkins ('37), already dealt with above, relsting to
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Ostrea lurida. In this case the maximum spatfall occurred, as

Graph III shows, st o depth of approximately 1) feet.

The other report is that of Prytaercn (Galtsoff, Frytherch
and McMilliin '30). Here the heaviest spatfall on a perpendicular
pillar in the wharf piling showed just above the level of the low
tide surface. This record w‘;i; nnve been muclh more conviuacing
if the pillar had been freshly placed in the water for it could
be easily argued that the locnlization of settlement wos due to
differential f uling.

Frytherch believes that such zonation is due to concentrations
of copper 1ion at the same level, Hogpkins ('37) suggeats the
same but postulates a salinity effect as well.

Galtsoff (Galtsoflf, Frytherch ond MceMillin, '30) peints outb

that the level of maximum set on expesed tidsl besch varies from

2

year to year., There is noc reason to suppose that the same

b

variation might not occur in the settlement of larvae on floated
cultch, although there are no data to suggest that such is the
case. The counts on shells held at the stage, Table I, suggest.
that frowm day to dey there is a slight variation in the depth
at which larveae are likely to settle imn numbors. At times thcy
seem to be evenly distributed from top te bottom, e. g., July
21st and 26th, At other times there is o maximum sharply defined
at a definite level, e. g., July 23rd and 24th.
An examination such as that conducted this summer continued
oyer p period of years vould be valuable in deterrining the stabiligy

of this depth of paximum settlerzent. It would likewise be of
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intereat te study the spat distribution von exposed beaches where
there are only slight changes in salinity and prcbably in copper
content of the water during tidsl cycles ae at Ellerslie. 1his
could be compared with the levels of settlement on flosted cultch
and thus check Prytherch's conclusions as to the factors influencing
the catch. Perkins and lelson ('31) believe that currents are

of more significance than any other factor in determining the
distribution of gettlement, a vééw which the writer is inelined to
favour a8 probably explaining the conditions in Bideford river.

t is possible that'the larvae maintain a definite vertical
position in the water relastive te the botito and settle on what-
ever surface is encountered at that level, When collectors are
hung from stationary supports the larvme would then accurmlate on
the surface constantly at that level. Such a condition would
explain the sharpness of the peak in the curve representing the
settlement at the stage. When tie cultch moves up and down with
floats from which they are suspended, due to tidal cyecles, several
surfaces might pass through the stratum in which the larvae are
concentrated. OSuch » condition would result in a wide vertical
distribution of settlement and a flattening of the curve which
would represent this distribution. Such a flattening is to be
observed in the graph for FPaugh's creek settlement, (Grapn III).
Thie fact that no corrections were applicd to these data however
to compensate eithor for differences in the arené of the shells
used or their angles of ineclinations to the horizontal renders

any conclusion of doubtful significance.
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ON THE EFFECT OF CROWDING COLLECTORS ON THE INTENSITY OF SPATFALL

4 preat many floats bearing collectors were placed in the early
part of the season in Fesugh'®s creek becsuse it provides shelter
from winds and because sufcessful catclies hod been made there in
former years., The 1937 catch in this ares however was very scant.
By way of explanation it was suggested that there were too many
collectors in the creeck in proportion to the actual nuwber of
larvae that settled there, for any of thew to get a goocd aet.

Prytherch's ('28) observations suggest that larvae in
Milford harbour do not move any grest distance from the bed on
which they =re spawned, If this is also true in Malpeque bay then
the only larvae that settled in the creek were those that were
spawned there. The potentlsl ceatch was therefore limited and depend-
ent,on the nunber of =dult oystere in the immediate arca.

The only accessible source of informetion at all periinent
to the aLeataon of crowding in the Bideford river &t the time the
guestion pregented ftsclf 28 an examination of the relative inten-
-aitias of set on collectors placed in the middle and at the edges
of large and small floats. Tn making the study, the most complete
- gounts were made on August lst, on sﬁmplﬂu viken [roim ¥, Roy Ings'
four-barrel fleoat which was slutioned in Smell creek 200 yards
west of the station warehkouse and a little south of the main
channel of the creek, OSamples which seemed representative were

taken only after careful examinmtion of the float as a whole.

The results of these counte along with cthers fop comparison
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are gsummarised below in Table V. The figures show, except in one
cage, that centrelly locnted collecteors all have a low T average
catch than those marginelly placed and that the larger the float
the greater is the difference between the two sets., The one excep-
tion referred to is sample 10b made on July 27 and reported also
in Table IV, in the section on the spat survey. In this case how-
ever the number of spat invelved is relatlively small and the collec~-
tors themselves were not very closely placed on the float. These
two conditions would discount the value of this observation.in
such a study.

_An examination of the table would lead to the belief that
the outer collectors on » floszt exércice a "sereening" effect on
those in the centre of the group. Further, the extent of the
screening is directly related to the nu ber of collectors crowded
together. The effeet is most clearly shown hen the sets on the
top samples made on August 17 are compared. The explanation here

would seem te be that '‘n the ujper central part of the float there

]
is & screening in two directions. <The bottoms of centrally pluaced
collectors are screened from the sides only by other collectors.

The tops, on the okher hand, are sheltered both from the sides and
from below. ™uch screening ig muech less apyarent in marginal collec-
tors, or in those hung solitarily ms was the case of those hung

from the stoge. Thus, the upper ports of central collectors receive
37% of the set on the upper parts of morginel collectors, Thé bottoms
of central collectors on the other hand catch 60% as many spat as
those of marginal collectors. ZLhe bottom of an isolated collector

obviously cannot be brought into thnis comparison but as is shown
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in the small table on page 20 the bottom oaught the equivalent
of Bk of the set on the top of the collecior.

The conclusions from this study support Prytiuerch's (Galtuoff,
Prytherch and McMillin '30) counts jn ghells held in ecrates where
the same effecis were noted. Prytherch ('28) had already observed
that mature larvae swam about with a byssus thread trailing and
would settle on the firet suitable surface encountered without
regard for the number of spat that had already settled there. TIThis
last view is in oprosition to that expressed by Nelson ('24) who
considered that the "exploratory" stage of settlement insured an
even distribution of gpst over the surfuce of cultch,.

Summerising, there seems to be a decrease in the efficiency
per unit of ar.a of collecting surface produced by overcrowding a
float. Whether or not this disadvantage is counter-balanced by
the reduction in cost obtnined from the necessity for a smaller
numbaf of supporting floats, is & question that should be more
closely examined if the present method of suspending collectors is
to be continued.

further, since crowding of collectors on floatz reduces their
collecting efficiency, it is conceivable that the crowding of
floats into groups might similarly decrease the efficiency of the
float as a whole., The writer is inclined to the opinion that the
decrense is lhe reiult of interference with currents that would
normally strike the floats if they were more widely dispersed.
This opinion is based partly on the Besults of the study of the

special case of sample 9a of the spst survey.
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ON THE COLLECTING EFFICILNCY OF SUSRFACES AND THE EFFECT OF FOULING

Sample number 4 reported in the spat survey (Table IV) was
taken from a standard collector held at the landing stege. The
bottem of this collector was at a depth intermediate tetween that
of the third and fourth shells on the chaina of experimental col-
lectors, or slightly more than five feet below the surfece at half-
tide., The mean settlement on shells at this level from July 17,
when the commercial collectors were first put out, te July 29 the
time the sample was made, can be computed by averaging the settlement
on the shells at the 54" and 72" depths.

We shall compare only the set on the lower horizontal surfaces
of the sguares counted in the sample (Table IV) with the average
set on an equivalent ares of inverted shell surface (Table I). The
average of the actual spatfall on the two shells wes 100 per 3.9
aquare inches, the area of one side of a square of collector. When
this figure is corrected for the angles of inclination of the shells
an described in the section on the intensity of spatfall relative
to depth, the equivalent set on a horizontal surface is 139 per
3.9 square inches, In the same interval of time the average eantch
on the lower horizontal surfmces of the commercial cultch was 91
per syusre as recorded in Table IV, The efficiency of this surface
considered over the ten-day period then is 66% that of clean shells.

A similar computation for the lower sample held at the stage
and reported under the section on intenéity of ppatfall relotive

to depth ,ives & collecting efficiency of 53%. The average of the



calculations is 60%. The collector from which these samples were
taken was kept cleaner than most commercial cellectors since
several times during the ten-duy peried il was hauled up for
exsmination and thus "washed" of 211 ithe gilt that might have
collected en it. This may have tended to inerease the total catch
and to render BOX an exsggeration of the true efliciency. In the
calculaetions however only the svet on lewer surfaces is being con-
sidered in order te counteract this posgible error since fouling is
mueh gresier on upper surfsces where silt is likely to cellect

than on lower sides.

On July 29th counts were made on samples of cellectors set
out at the stage on June 28 to collect clem spat, These showed
on their lower surfaces & slight growth of encrusting byyozoans,
seversnl Crepiduls wmessuring b um. in diameter and 41 and 47 oyster
spat on the twe squares respectively., In the same interval on
shells at that depth the equivalent set wau 167, The efficienecy
here was Z8% that of clean shell surface. There is then a
reduction of 34% in the "absolute" efficiency of commercizal collec-
tors due to fouling develeoped during the extrz 19 days in the
water,

The efficlenecy decrease may epperr mere significant when
expresged wholly in terms of sets on commercial collectors instead
of referring it to the mere nearly absolute standard the set on
clean shells, Calculating frow the data in Table IV the collectors
placed out on July 17 missed the first 25§ of the season's spatfell
previous to July 29, the date of removml. To correct for thic we

sho 1d ndd 25% to the 91, which would give an eguivalent catch of



114 on the lower side of emch sguare. The average set on the

collectors suspended the extra 19 days was 44, There was thus a
deecrense of 61% in the relntive efficiency due to fouling. Agaln
this figure may be too high because of the washing the first
collector received and normal fouling may be less rapld. Hopkins
(37) found a smaller decrease, 37% in 10 days,

The above study shows the advantage of havin; clesn collectors
at the time of settlement and suggests that it would be consider-
able value to know more exactly when to set out the commercial
cultch, In other words, it would be of greatl as istance %o the
oyster indastry if the date of spatfall could be predicted with
"aprroximate aeccuracy", to use Winslow's words.

Types of fouling other than by encrusting bryozeans and silt
~ as mentioned sbove, were noted during the season. Growths of a red
nlgn tentatively identified ns Polyaiphonia and of a green alga

LEnteromorpha linza occurred on collectors in the river during the

latter part of the season. MNr. Roy Ings, on August 24, noticed

that 2 growth of E. linza had taken hold on & float of collectors
held inSmelt creek at location #1 on the chart in the section on
opat survey. He boarded over the top of this float in the hope that
by this exclusion of light, the growth of the alga would be halted.
such fouling is considered to interfere with water circulation over
the surfaces of the collectors and thus retard the growth of the
spat.

; A more gpectacular type of fouling was found on August 1l& in
Ethe case of collecters owned by Mr., John Brooks in Boyles river,
%hell-bag collectors were completely plastered over with growths

pf a sea squirt, apparently Ascidis calleosa which must have cut
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down water circulation sericuely. In spite of this there had been
a good set and the spat had made a good growth for that season of
the year, The collectors had been put out on July 12 and the
first ascidians were observed by Er. Brooks on July 19, In &n
adjacent area, where there was less tidsl current no such growihs
had oceurred suggesting that 2 stud, might prove thut such foul-
ing could be aveided by preperly loesting cultch. Aeccording te
¥ishermen's reports 8 similar growth of sea squirts mppeared in
parts of Grand river,

Nelson ('21) states that tunicates in Barnegat bey are pre-
daceous on oyster larvae and are frequently very abundant in that
area. Gutsell ('21) finds thrt at times in Chesapeske bay they
become a nuisance by occupying cultch that might otherwise be
available to oyster spat, Cates ('10) claims that by covering the

oystera they hinder growth in louisisna waters.
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QN THE EFFICIENCY OF TARACOATED COLLECTORS

On August 26 a sample wns taken from a tar-coated collector
that had been held at the linding stage since July 17. On the
several secticns examined closely there were only one or two
living spat oysters. JFurthermore there were peversl empty spat
shells covered w th 2 white crust. Vouncrete colleciora hanging
beside the tare-coamted one received satiasfeoctory sets and none of
these latter showed dead spat, The tarred surfaces were guite
free of encrusting or slimy growths of any kxind so that fouling
could not ve suggceted as the reason for the poor set.

Another tar-conted collector was examined during the spat
survey on July 2%. On the severzl sguares excmined there were no
spat al all, Concrete collectors from the sames float averaged
two spat per sgu res Uther collectors of this type were cxamined
during the summer but no written records were made at the time.
The results however were chh the same ns thoue reported above,

Bo explanation is offered for the low efficiency of this type
of collector but it is aprarent that there was at lessi only a
light set on tar surfaces and there is a suggestion that they
provide 2 lesg wholesome support for the young nyéter after settle~
ment hes taken place then the concrete surisce.

For 0umpnr;sou with the above ovbservations are {lowse of
J. Welsan ('17) who carriéd out several experiments in Malpeque

bay to test ithe efficiency of various types of cultch. He noted



1 - 31 =

a limited set on tar-coanted shells equivalent to 2/%5 that on
natural shells, His shells had been expoced to the water for only
6 days when the larvae seliled on them. The cleanness of the
surfaces which he aleo observed, ne atiributed to a possible antl-~
septic quality of the tar.

It might be auggested nn a poseible explanaticn of the peor
results of this yesr's experiments that there was some water-
soluble asubstance .in the tar that discouraged not ouniy the groytn
of slime but alse the aprroach of larvae themselvee. After the
season's sxposure in the river water it is possible that this
substance may have digsolved outs It would therefore be interest-
ing to set cut these same collectore in 1938 and see if any better
catches sre obimined, It seems likely that there was elther a
difference in tﬁe composition of the two batches of tar used
or in the character of the surfaces in the two cases which would
account for the wide differences between these results and those

of Kelson,
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M IHE SFECIAL CASE OF SAMVIE 9a OF THE

SFAT BURVEY

0f special interest is the ocbservation, Table IV, that
while the average set on the floated collectors in Paugh's
ereek was 2 spat per sguare, the vei on Mr. Clifford Lllis's
was 10 per syuure, There are several peculiarities about the
hanging of these that may explein the better cutch., Instead of
being suspended from floates they were dropped from a platform
of poles, the tops of which were just exposed at low neap tide.

The tops of the collectors would then be submerged tc a depth

of a foot and a half or two feet at half tide. JMyrther, the
poles were arranged so that the ebb and fleed tidal currents
could flow through the square openings bLetween the partitions of
the collectors swung from themn,

In contrast with this is the cummon {lomted type of coullector
aerrengement wilere the tops of the collectors are immersed conatant-
ly at a depth of 6" et both low and high tide. They are hung from
peles that are strung at right sngler to the long axen of the [loalks.
The floata themselves sre anchored at cne end and swing in the tidal
currenta, At all times therefore, the currents strike the broad=-
sides of the collector partitions and never is there a great flow
possible through the holes between the partitions themselves,

N lscn ('32) and Hopkins ('37) and others have shown that the
best sets, thet is evene 't and heaviest, are obtained when Lle

water is allowed to circulate freely over the cultch, If this
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elrculation is interfered with as say when shells aretoo crowded
in bags, the set is reduced (Galtsoff, Prytherch and MelMillin '30).
1t seems that at leant two importunt factors contributed
to the heaviness of the cateh on iz, Ellie'es collectors. The first
12 that they were submerged to the depth of hesviest spatfall,
(See section on Intensity of settlement with relation to depth).
The second 1s that there was freer circulation of water over the
surfaces.
1t would be interesting to teoli the benefits of these twvo
arrangements that differ from the reguler methods, by deliberate
experiment as is suggeeted in the zection on proposed chenges

in the present arrangements of cultch.

d?nt'..
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FROPOSED CHANGES IN THE PRESENT ARRANGEMEETS OF CULTCH

The several studies reported cbeve would suggest several
modifications in the present arrengement of collectors on floats
which might be tested during 1938,

l. As wes clearly shown in the section on intensity of spat-
fall relative to depth and on spet survey the collectors should
be hung from floats by longer lead wires in order that they should
lie in the stratum of most !ntense spatfall., By this means the
catch per square should be improved and the settlement should be
more even from top to bottom of the collector.

The heaviest set encountered during the spat survey was that
en 5 collector held at the stage. The top of thelndle was 35-40"
below the surface at half-tide level., As was pointed out sbove
this collector was “wasned" during the seascon by being pulled
up out of the water for examination, Thin fact may sccount partly
for the much heavier get and therefore discount the apparent advantage
of dropying the collectors to greater deptihs. Washing, however,
should not @lter the ratio of the set at the bottom te that st the
top of the bundles, Referring bac: to the section on intensity of
gpatfall with relation to depth it will be seen that the tope of
deep-slung collectors caught 58F of the number of spat settiling on
the lower part. 1In the ca e of a collector hung in the ordinary
ray the eatel at the top ie only 20% that at the bottom of the =ame
bundle of collectors (See page 20).

Dropping collectors would prove to be of some ndvantage even



if the total cetoh were nol improved becsuse uniform and lees
crowded distribution of spat over a surface impreves the cheancesn
for the develoyment of seperaste and betiwr chaped spat oysters.

2. The collectore vn a flost should be suspended gt cifferent
depths and thus decrease the crowding or szereening effect which
has been demonstrated., By staggering the collectors at different
depthe the same¢ results should be obteincd as by the use of more
floats with fewer collectors on eachs That is, more water is
straincd per collector by the fleat.

3s The polee from which the collectors are hung should be
arranged parallel to the long axis of the float thus permitting
free circulaticn of water over the cellecting surfaces during
fleoed and ebb tides; (See sectiorn on the special case of sample
Oa of the spat survey, pege 32). This improved circulation of water
might be expected to reduce the screening effect of marginal
collectors on the central ones. Nelson and Ferkins ('3l) and
Hopkins ('27) have shown thuat the best sets were taken where the
currents wer: greatesst, presumably becaunse then the cultech "strains®
more water. The same effect ié apparent here, 7This same arrangement
might simultaneously increase the growth rate of the settled spat
for Nelson ('17a) reports better growth of spat where circulation

of water is improved.
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AGENCIES DESTRUCTIVE OF QUBTER LARVAE

It seemn significant that althou h there were large numbers
of oynter larvae in the water during the last week of July little
or no setilement occurred alter the twenty=-ninth of that month.
Judging from Lhie sizes of tiie larvae there should have been a con-
Biderablﬁ gpatfall during the firset ten daye of August.

Pruitt ('26) states that long cevere storme in the Chesapeake
bay area will destroy almest all the larvae in the water at the
time. The first resction ¢f the lervae in such weather is to sink
from the surfice wg wig repored by Stafford ('09) and Nelson ('17).
At Bllerslie on August 1, of 1937 a heavy gale came up that blew
peveral boats and a geod der1l of the ovyster gear ashore., This
gtorm may have hnd the same effect sz those iun Chesapeake and
have contributed to the lightness of the set after that date.

The death of larvee resulting from parssitizstion by minute
flagellates may partly aiccount for thias failure as atudies
reported slesewnere in this paper suggeszt.

It zeems almmet certaln thrt factors other than mere crowding
of eultol might well bz involved in the locul poorness of the sat
in Paugli's cresk where larvae seemed to abound throughout the
season even after the period of heavy apatfall was passed. During
the summer the several .ZICBtZe.‘EL' obaervationy reported below may
shed some light on and pnrﬁiml!y explain the peaeculiarity of the

gettlemeont,
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July 22,
the intestine of a 2" Menldis wesn examined. This contained

the remains of 10 copepods, 10 larval trematodes and twe small

mussel larvae,

July 50,

During the latter part of this month the along-shore water
swarmed with the fry of Menidia. Two of these small fish, §" long
were examined.

The first had a fully distemded stomach whose contents

- conaisted of between 70 ond 90 molluscen larvae. The rest of the
stomach contents, consisting of approximately half the total bulk
waa of mixed character, nauplii, dinoflagellates etc.

Over 4 of the larvae were gastropods measuring 160u in
length. These abounded in the water at the time. DRBesldes these
there were several mussel larvae measuring 150u, a number of large
Teredo larvae measuring 130 u and meny smeller straight-hinge
pelecypod larvae.

_In the gecond fish one third, or slightly less of the bulk of
the stomach contents consisted of mellusean lervae. ThiEty-five
were counted, mostly small straight-hinge bivalve larvae. There
were also present several young neuplii of copepods.

Auguet 10,

Two 2" Menidis from Mill river were examined. One contained
20 mussel lsrvae and the other 12. These ranged in size about 140u.
W#ith these were many gastropod l=rvae,

A
T. C. Nelson ('37) reports that in Barnegat bay the oyster
larvae have usumlly settled before the season'e Menidia fry appear
in {he water and that they are therefore free of the wmenace of
degtruction., The myriada of the fry present in late mid-~summer
must seriously cut down the population of molluscan larvae in the
Bidefaerd river and thus reduce the spatfall subseque t to their

appearance. XNelson (1) found that the surface ainnow Fundulus

may feed on the newly spawned ova of the oyster Dut makea ne
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statement na to ite possible ecological asignificence in this
practiase.
June 30,

Several oits of tentiecle and gserapings from the palpl of
a jellyfish (Cyeania) taken st the landing stage wers examined.
in the mucoun mase were found numérous gastropod larvae aud
nany cepepods.

The jellyfish largely disappeared from the waler during the
week cf July 1%7th.

Truitt ('31) believes that the jellyfish Dactylometra do not
have sny marved effect In reducing the larval oyster pepulstions
in Chesapeske bay and regerds them as bemeficial to the oyster
indugtry since there they prey on the etenophorss. These latter
have proved to be 2 reasl menace when water conditions favour their
abundance, The stonmodaeum of one animAl msy contein as msny as
130 oyster 1

1Arvac,

In the Bideford river apparently the larger Menidia as well
zga the fry feed on bivalve larvee but the former take also adult
copepoda and large mauplii that se m tou Ve inaccessible to the
fry. Although few ovyster larvee were found evidence pointe te the
conclusion that the fieh may be considered ae important enemies
of oyster larvae,

The jellyfigh at the pesk of thelr sbundunce might concelv-
ably pley ¢ similar reguleting role, In the Bideford river how-
ever they seem scarcely numerous enoggh to be of grept importance
in this reespect.

A short nete on the effects of tunicatez: on oyster larvae is

to be found in the section on col'ecting efficiency of various

surfaces nnd the effects of f:uling..
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DINOFLAGRLIATE PARASITT.S OF LI'SSHL LARVAE

While examining a plankton tow made in Bentinck cove on
July S, a small percentsge of the larg r mussel larvae was cbserved
to have peculiar stomach contents. Although the greater part of

the turning mass of food meterial in the stcmache was constituted

w

of smrll cells measuring 1-3u s is normally the case, there were
mixed in this small number of especially large brown cells

measuring 20 - 24u. These apppeared toc be unarmoured dincflagellatesy
for sulel and annuli were distinetly visibles. The protozomns movesd
back and forth in the stomsch cavity with the typiical whirling metion
of dinoflagellales. Severel of these paragitised larvae were
isclated and kept in separate Syracuse watch glasses with suitable
covers to prevent evaporation. The water on thece larvae was

changed daily, the old being replaced by fresh river water that

had been filtered through # 18 bolting cloth silk., The historles

of these were followed and recorded in the log books <ypical

cages are reported below.

Isclacion #1.

July 6, 2.00 P.A,

L ]

This mussel larve measured 280 hy 272 u and contsined 2
large cells in the stomach measuring 20 to 24 u in diameter,
11,00 T,
The two cells were still apparent but the larva was losti
during the changing of the wetler.

ey

N

palatiaon

guly 6, 2.C00 P.X.

This mussel larva of approximstely the same dimensions as
the firet contained 6 larve cells in the stomach,
31113«“ z, Q-OO fallla

The Tleagellates were etill present and active in the stomach
CavTity.

#lentatively 1dentified as Gymnodinium



From thie sbove obeserveations it wae decided that the proto-
zeanusd were behoving not ss food orgenisms bubl as parasites or
commens: ls because stomach contente of oysier larvae are normally
peeged torcugh the intestine tand discharged ap Taeces within &
minubes after ingesticn (Frytherch '34). Accordingly, another
tow was mede in Bentinck cove as a source for experimenmtal mat-
erial. Isolations wercv again made and cared Tor as described
above, Desides the infecled larvae several spparently normal
animals were 2lso isolated to be used as conirols,

Tow wae mnde July 7
guly 9,

Iwo larvae were deal and beginning to disintegrate. within
the dead shells of cne of them was a 22u dinoflagellate still
netive: UNo large celle could be founu swimming free in the watch-
Elasa,

Some of the living mnimuls showsd dm addition to the large
distinetly brown cells additional smeller (12u) transparent
cells with 2 pale yello.ish-brown central ckloroplast. diley were
hovaver of the same body form and bheheviour as the larger dine-

- flagellates, OGome of the larvae had set to the bottowm of the glass.

Ihe nintories of some lurvae were followed more closely
than others from thie date on znd kept isolated in ceparate glasses.
Larva #l, measuring 280 by 240u.
July 10, 10,02 AN,

The larve contulned 3 dinoflagelletes measuring 24 u and 3
measuring 20 n. Bealdess these there were sevaral colourless cells
14 - 16 u which appeared to be young stages of the biown cell.

11,00 PJi.

The stomech seems to be filled with protezeoas and the young-

er celourless cells more distinet and larger than in the worning.

The stommch wes now comparatively free of the larger-sized
cells, 8til]l present however were severnl meanuring 18u, cne 1lBu,
one 24u and one 28u. These clustered mostly towards the anterior
end of the stomuche
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The larva seemed to have further freed itself of the
flagellates and an ape of the brown cells secmed to have been
gprayed over the bottom of the watch glass opposite the anus.
These cast-out cells did not look normal for the flagellar
furrows were not apparent.

There were 6 cells measuring 18 - 20u still in the =atomach
all swimming back and forth with their peculism twirling motinn.
One of these was 8o coustricted o8 to suggest that it was in the
incipient stages of binery fission.

in thie coenneection one of the flagellate cells cbeserved on
July 10 seemed to be undergoing multiple fission but the thirty
odd unite resulting from the division did not show active swim-
ing aftver the rupture of the parent cell.

July 14,

There were only three cells in the stomach now, two measured
20 u and one 22 u. Except for these #he stomach cavity wepa practi-
cally empty for no "food" particles were observed. The larva had
set to the glasc sgain and weas detached during wager chengen

July 15; 11.00 A,

Though otherwise empty the stomach now conteined five
flagellates 2ll measuring approximately 19 u. For the first time
a cell wae observed in the intestine which seemed to have become
lodged just anterior to the posterior adducter muscle, The cell
wag 81111 intact however and showed the flegellar grooyves dis-
tinetly. The larva looked rather lank and transparent and had not
get Luis time.

11 - P C A sl-;t

The intestine geemed tc be still congested with the flagellste
cell,

July 19

There were only two cells botli measuring 26u, cne in the
stomech and one in the intestine. The latter apparently stuck as
wag observed on July 15, Some excreted cells were found on the
bottom of the watchgless as on July 13 and from these a smear
prepuration wes made,

July =3,

The stomach c¢onteined 1 brown cell measuring 20u, snd three
smaller more nenrly colourless ones about 12u besides 4 measuriag
only &u.
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Th= russel larva was dead perhaps because of neglect in chang-
ing the water during the previcus two days. There was however one
dineflagsllate moving within die empty shells ae was seen on

July 9. LN

Similar histories were icept on twe other mussel larvas at
the same time., The records in the log are essentislly like the
above in most respecta except in the case of larve 3. This
history was kept from July 10 to 30. At one time an intestinal
obstruction by a flagellate cell was observed to last for aever
two hoursa. 3Such

ination of faeces for normally the food residues nre retained for

. R P e i N " | 41 L . 1
& very snort tiame in | 111 Lina (, ryinard |
| s £ e, LEE
On July 17 the larva seemed to hive completel re=l itself

&

of the flagellntes and the stomach had a "normal" contents. On

July 12 the infeetiocn re-coccurred for two cellno measuring ou
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during thisg timé in the same wetchylase with larva #L which latter
remained infected throughout the wheole perio
UninfTected larvae irneloted from the some tow were kent in

the same way as controls but on July 14 several were found dead

ptd

oubt due to lack of proper care cn 1 fe daye preceding.

4 i

no -«

P

One of the living 2nimels was found te be harbouring the fia
ellate. On July 15 it wes observed 1o econt=in 5 cell measuring
2lu. The ouly other uninfected larva Jeft slive on July 14 was

obaserved to have set to the watchglass on July 19. Instead of

replacing the valer this time with Ffresh fittered rviver water, that



drained from nfected larvee wan used instead. Tnfortunately the

iarve wpe lost and no further obpervalions were made on this

K - _— B e Ll Pl e L
lon experiment with “"conitaminated" weter.

Infection EBxperiments

An apparently uninfected nussel leprva teken from the Bide~
ford river was marked by staining 1t with o highly diluted sol-
ution of neutral red. This animal vae added to the csame watchglass
as larva #1 on July i4. With it wng added & lexge clam larva,

Mya, and sevaral quarter~grown oyster lerveae,

The muspel larve wes obegerved to O'rt*‘ﬂt the infection for
'y

on July 19 there wers two large b n celle mepasuring ig LITH
in the stemech. The c¢lam lerva wesg free nf sny infeection.

Cne of the smaller oyster larvae meassuring 8Bu oteserved on
July'18 seemed to have developed the infectien ghowing one large
colourlesg cell in the stomech. Ko positive evidence #s to the
lethal effscte of the parasite could be hed however asince almost
all the cyster larvae died without showing the infection.

Teredo larvae vere added to the same dish as the infected

mussel larve #2, but liged until July 23 witliout contracting the

'l.- ,-\-t-- »
EC ell Lo

Iwo or three infected larvae igolsted on July 7 but not se
cloegely studied died possibly from the weskening occasioned by
the protozoan. The spall 2 - du flhgblhateu Joined in altacking
these in the late stages and abounded in the disintegrating
tirsue mass that hnd been the body of the larva.

From the above gtuny it would geen that the ol ouing stete-

=
o

mente could be mn

1. The dineflage L HVEE re & peresiie or & commeneal,

|_J

4
o
m

2. 1t poesitly hempers the larva by crowdine the ctommch cavity
which would normally be cccupiled by food materiale £nd by temp-
erarily congesting the intestine

3, Infecticns of the flzgellegte may be contracted when smsll
developmental steges of the porasite ore ingested during feeding,
snt cau be brought about experimentelly by placipg uninfected
arvae in the same containere =g thouwe suffering from the flagell-
pte. (H€€ in this conpection tne discusaion of the size of the
Tood puriicle teken by variovug sized larvae).



4., The digestive processes in the stomnch do not seem to greatly
effect the parasite but after passzage through the intestine and

Fe

eliminpanvicn the cells become immobile and possibly dead,

5. 3dimple exposure te zea waler does not result in the immediate
deanth of the adult cells and it is pos ible that they may live for
some time after the desth and disintegration of the hoest larvae in

the water as a free-swimming organism.

6. LThe larvae seem capable of freeing themselves of the parasites
in gome canes at lesst and of continuing & normal life,

7+ An apparently uninfected larva can develop within five days
an infecticn and contein parasites measuring 1l6u in diameter.

8. The facts that the parasite "took" best with mussel larvae;
that ne naturslly infected oyster larvae were ever found; gnd
that ne such infections were obaserved in the Bideford river would
suggest that the dinoflagellate was of minor importsnce during
the summer of 1937 in controlling the ppulation of oyster larvae.

g, 9There was no suggestion of & gymbiotic relationship between tLhe
hogt and "parasite” so fayr #s the writer's observations were con-
cerned,



FARASITISM OF LARVAR BY 3MALL FLAQZLIATES

July 14,

Several guarter-groyn rose~coloured oyater larvae found in
a tow frow Trout river ware igoleted in a Jyracuss watchglasa.
These gshowed 1lilftle stomach contents and within® their shells were
a pnumber of small bripht spheres of & pale ‘green colour, measur-
ing approximately 3u in diameter, These seemed to be attached to
the lnner wall of the gantle sg thsugh thay had entersd the
cavity with food organisms but hod never been caten. Although
they remained ntPtiﬂn“*y moct of the time or vibhrated only alight-
ly with the beating of the¢ larval ciliam, theaze flogell 1ntas nade
short ssllies from place to place within the caviiy immedintely
coming to a astate of comparsntive rest after each sortie.

July 19.

One third of the infected larvae ware dead althougl the
water nad been chunged regularly in the watchglasses throughiout
the peridd.

]

2.00 Moon,
A larval Xya mefsuring 140u in height was ilsolated frow a
tow made opponite the landing atage in the ver. Thip larve

like theose picked cul on July 14 had very little stomach ::}‘.tcnth‘.
y e free edge of the shell
1 veea 30 and 50

Around the margin of the manile toward:
nnd crowded towarda Lhe antericr snd were _ =l
flagellates of & colourle a| 0T pale gresn 2olour mnging in sizs
from 3 to Bu. One cell was larger than all the rest seasuring l4wu
and by itsa nw?nwwﬂtv um;e ﬁ-J a dinoflagellunte. Another cell of
the some dimensions Ta:l\ be seen in the stomnch. 3oth theose large
calla showed greenish-braown chromatophores but no sulcus could be
distinguished. A figure of the larva wnz drawn and kapt in the log.

August 17, 2.00 .M.

The condition of the larva had bhecome muoh mors serisus. There
wniz little or no clliary motion the tissuen .‘-r-r‘* becoming trans-
parent =nd the number of flagellates had greatly increased witih
more of the smaller varities present. The xmt“r wea renewed on
the larva.

2.00 P.M.

the tissues of the larvs wera nc lenger sharply outlined and
the whole shell contzatn was swarming with flagellates of variaous
sizes, moatly 2 - 6u,

A»UF:JBt 16; =8 00 B.Ll.

A half-grown oyster lorva was isclated that showed flagellates
in the mantle cavity. There were also quite & few just outside
the shell clustered alonp Yhe opening between the slightly gseping
valves.

9,00 k.M, .
The larva wes dead, the body largely disintegrated and uhe
cavity of the shell swarming with flagellatua,
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Minute flagellates seem to be quile commen as enemies of
larvae. This year as in 1936, the larvae grown frow artificially
fertilized egpas were attacked by flagellates which seemed often
to kill the young animals. Winslow ('64) reported the same
difficulties in his experiments, Similar small protozoans were
found to attack nmussel larvae when they wer: in their last weak-
ened stapges from infection with dinoflagellates.

On August 17 approximately # guarter of the small straight-
hinge bivalve larvae in Bideford river quite numerous at the time,
were either heavily parasitized and showed shrunken bodies
or had already been killed and the bedies largely or completely
destroyed. This was at the time of the very high density of free-
living planktonic flagellates. lo such high wmortslity was observed
in the earlier part of the season. Nelson and Perkins (*'31) and
Xelson ('34) reported a similar dying off of the larval population
but did not attribute it to flagellate parasitism,

When parasitized larvae left in uncovered watchglasses are
killed from the incressed salinity in the vessel resulting from
evaporation of the sea water the flagellates still remain active

showing their hardiness.
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NANNOFLANKTONIC STUDIES
Throughout the summer observations were made on the pop-
ulation density of the planktonic organisms whose dimensions were

such 25 to make them available for foud to larvae, Lhe water in

Bideford river during the summ r is henvily populated as will
be seen from the counts. This abundance is no doubt responsible
for thé brownish~green colour of the wnter,

In the counting studies carried out in 1937 a modification
of the Hensen drop method described by Johnston ('08) was applied.
In this system a fine pipette iz wused to measure ocut even-sized
drops. Counts of the numbers of cells per drop are then made on
three to five drops and the volumes of 200 drops measured. Krom
such data the population density may be easily estimated.

Flagellated cells constituted 21lmost the entire nannoplsank-
tonic growth during the sumwter and of these only a very small per-
centa,e exceeded a sige of S5u., The counts were made with lens
combinations giving a magnification of 215x.

The populstion «t different dates per cubic millimeter of
water a2t the lmhding stage is listed below. Where not otherwise
stated the figures refer to surface samples, To express the pop-
ulation as cells per litre the figures should be multiplied by

one million.
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Date Population per Cubic Millimeter

" 14 | 39 at surfaces; 41 't 33' depth;

|

!

|
July 7 J 164

! 34 at 7' depth.

|

Sl T

|
Aug. 3 | 48

" 12 | B8
" 20 r 73
" 30 |r

# This low figure may be partly due to lack of familiarity with the
technique on the part of the writer.

This density of population is higher than that reported by
Cole ('36) in his control tanks that supported an average growth

of larvae of O. edulis, In the more successful spai production in

the tanka which he fertilized with ground crab meats however, the
flagellate counts often ranged considerably higher than those
recorded here.

Attempted identifications of the flagellates were not very
successful because ol their small size and because several varieties
were usually present tdgether. Cryptomonads of & very pale green
tint seem'd to constitute an importent part of the population.

It is apparent, the that in the Bideford river therelwau all
summer & sufficiently a2bundrnt supply of flagellonte food orgnn-
isma alone to support a heavy population of bivalve larvae. Since
sm2ll flapgellates constitute almost the entire nannoplankton of

smaller dimensiocns they might well be the chief source of larval

food.
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FEEDING EXPERIMENTS
Feeding
llussel
lLarvae
July 2.

10 mussel larvae averapging 200u in length were isolated
from a tow made in FYaugh's creek. These were kept in a petri
dish »nd the waber changed daily, using sterile seawater to
replace the old. 7To keep the water sterile it was boiled and
placed in a flask stoppered with gauze. It was found that the
water hod to be reboiled frequently because flagellates devel=-
oped witen within twe days probably due to infection during the
opening and closing of the [lesk.

"Food" was added each dey to the petri dish in the form of
3 em. off a culture of small flagellates, diameter 14 - 3u
growing in water containing decomposing crab meat.

July 6.
Several of the larvae were observed to be crawling about

with the foot. All were quite vigorous although by this time

4 had been lost in changing the water. The others showed what
appeared to be, judging from their size, small flagellate cells
in the gut., These cells had the typical "wrinkled" or "spiny"
appearance to be observed in the stomachs of larvae taken freshly
from the river.

July 12, :
Several of the larvae had set with the byssus and had

developed some dissoconch shell, One larva showed a large colour-
less cell in the stomach, This measured 16u but no mulcus could
be made out., dnother larva showed =z stomaeh filled with very dark
contents. The rest showed "normal" stomach contents that consis-
ted of cells measuring 1 - Z2u.

Feeding
Qvster
LBIVRG
JUIE 2e

At the same time that the mussel larvee were isolated two
groups of 20 oyster larvae, all ranging from 80 - 90u, in height,
were plcked ocut from the tow and placed in separate petri dishes.
These were glven the same treatment and identical records were
kgpt &8 in the case of the mussel larvae whose history is detailed
above,

July 12,

Fifteen of the larvae had been lost during water changes, and
one third of the rest had died. The rest were swimming normally
but unlike the mussel larvae showed no marked increase in size
during the interval.
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It is seen from these tests that both mussgsel and cyster
larvee c¢an be kept a2live for ten deys in comparative health while
feeding only on flagellates of the same dimensicns as those occurr-
ing naturally in the river water. Theve observations combined with
the results of the nannoplanktonic invputigations and stomach
analyses carried out at Ellerslie, viewed in the light of Cole's
reaearches ('36), offer substontial evidence for the belief that
the oyster larvae in natural water depend on the flagellate

pepulation for their food sup:ly.
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ON THE FEEDING HABITS AND FOOD OF LARVAE

The use of marine glue described by Prytherch ('37) for
fixing lorvae to slides in order to study their habits was
found to be unsatisfactory in this inve.tigatiocn, This was
because very young transparent snimals that get "bogged" in the
glue are need for feeding studies. Most of the work reported hcre
therefore wog done with free=gwimming larvae. A summary of the
study is presented below.

Small flagellates were cultured in several media, the most
succeasful of which was seawater to which had been added a
small scrap of animal tiesue such as crab meat. Attempts were
made to stain these flagzellates vitally with nile blue and
neutral red and to feed them to the larvae. It was hoped that
the process of digestion of the individual cells could fthen be
followed., The intensity of the blue in the tinted cells however
did not serve to distinguish the stiained flagellates from meny
that wer naturally coloured slightly green, DBoth the red and
blue dye furthermore tended to collect in the digestive gland of
the larvae and obseure the vision during the study of the stomach
contents. YThis same remction of the gland was noted by Prytherch
(*34) which he attributed to the presence of enzymes in that
organ,

Finally a culture of a small non=-motile unicellular alga
resembling Chlorella was used. This plant cell, measuring 3 =
7u was guccessfully grown in mass culture with liguel solution to
which a small amount of urine wan added - 4 c¢ce. of urine to 150 cc.
of culture medium.

When odlls from a culture of a green Chlorophycean flagellate
measuring 7 - Su were "fed" to small larvae measuring 80u in
length it was found that the shells, being only partly open during
the swimming-feeding precess, acted as a sorting screen. None of
thene larger cells even got between the shells. They were too
coarse to be taken as focd., These same cells, however, werc readily
swallowed by large mussel larvae., There seams then to be a relation
between the size of the animel =2nd that of food particles it is
able to take.

During observations of larvae from the river, occasionally
irregular pieces of what appeared to be detritus was found in
the stomnch contents. <The chitinous tests of a small protozoan
nlso appeared at rare intervals. The bulk of the contents at all
times however conforms to the description given in the 1936 report,
(Medcof '36) and apprears to be the remains of flagellate cells,
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Lesentially the same may be said of all the mulluscan larvae
studied during the summer., +his observation would seem to be

in disagreement with Grave's statement ('28) that he raised
Teredo larvae on diatoms. At no time during the 'riter's studies
has he encountered a larva with diatoms showing in the stomach,
Judging from the size of food particles observed in the stomachs
there are no diatoms of common occurrence in the waters familiar
to the writer that are sufficiently smmll to make them available
as food to the larvae, Amemiya ('26) found that even the very
small Nitzschim minutissima was not taken by larvae.

The habits of mussel larvae were studied on several occasions
since their behaviour seems essentially the same as that of
oyster larvae and because their greater transparency makes much
more careful observation pesgible. The largest particle observed
to be taken by a mature mussel larva was an approximately spheri-
cal piece of detritus measuring l6u in diameter. It seems highly
improbable that dinoflagellates measuring 24 - 28u could ever
be taken in by such animals or ones less mature and that the
infectious stages of the dinoflagellate parasite 1s thérefore a
swarmer of smaller dimensions as sug ested in another section of
this paper.

Judging from the behaviour of larvme on the slide, which might
be considered a very abnoermal situation, they spend a goond deal
of time resting with the shells partly closed and only a few of
the beating cilia protruding. TYeriods of activity alternate with
those of rest and the larva swims upwarde at random, striking
many possible food orgenisms as it travels, Very few of these
however are actually swallow d as food. From counts eon Chlerells
less than one in twenty of thyve that pass between the shells over
the mouth opening are SWept into the astomach.

A Brief summary of the work on small flagellates and their
relaticn to the food suprly of bivalve larvae appears below,

l. There are large numbers of small flagellates in the waters of

the Bideford river throughout the summer. 1In addition, there are

relatively few other small nannoplanktonic forms present -~ notably
few non-motile unicellular algae.

2, Larvae have been observed to feed on both green and colourless
flagellates and have been cultured for as long =8 ten days in
otherwise sterile water where colourless flagellates were their
only available food., These flasgellates were grown in mass culture
in seawnter enriched with organic materinls.

3. The bulk of the stomsch contents of larvae taken from the
river water wans constituted of small cellular elements measuring

l - 3u in diameter and having an appearance identicnl with that
of ingested flagellate cells fed experimentally te larvae. The
stomach of = single mussel larva messuring 240u may contain

a¢ many as 150 such cells if examinstion is mude immedlately after
the larva is removed from the river.
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4, It thus seems a reascnably certain deduction that the larvae
living naturally in the Bideford river must depend almost

entirely on minute flagellates for their nourishment. If this
conclusion is valid then it is in agreement with Cole's observation
(*36), referring to the European oyster larvae, 0. edulis.
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HISTORY OF THE SEASON'S LARVAR

The wrlter mede rather disconnected observations on the plank-
ton of the Bideford river during the summer and a summary of these
appenrs in Table VI, Since the time when these observations were
made was very crowded the results of the examinations should be
regarded ns indiecative of only the most ocutstanding and obviocus
trends, Samples of the tows were preserved on esch of the dates
ligted and have been kept for study.

The "Difflugia" reported for 1936 (Medcof '36) wee really a
testate cilinte (Tintinnopsis}),

Reports on tows!made in waters other than Bideford river.

During the summer tows were made at different places, some-
times at the request of resident oyster culturists, for purely
qualitative studies - to see if oyster larvae were in the water,
In all cases a f 18 net was used and towed for 10 minutes from a
boat travelling at approximately one mile per hour.

Trout river towa

July 10,

A surface tow was made on a bright dy with a fresh wind and
2 high falling tide. There were very few oyster larvae. The tow was
not as good as that from the Cooper bed in the Bideford river on the
gome dete.
July 14,

A surface tow at high tide with a light breege. Small oyster
larvae fairly abundant, some perasitised with the small flagellate.
DinoTlagellat s quite common.

Bentinck cove tows

quly 6.
A surface tow from =z dory. In several fields examined there were

many large mussel larvae, some parasitised with the dinoflagellate,
one large Teredo larva, many small straight-hine forme and a few
rose coloured oyster larvas of small size,




TABLE VI (To follow page 54).

(Report on plankton tows from the Bideford river and Paugh's creek, '37).

=l T i !
Date Oyster |Mussel Tcredo}Gastro- Cope- lhiacel-l Remarks l
larvae |larvae larvae| pod | pods laneous | |
L lazvae ! i : — 1
, ‘ |
June 19 o 00 000 o | TTTT Tow at 2001
| , .
June 24 000 00 iouo 000 EJJ o8 vt
June 2% | 00 00 00 000 0000 | JJ - Oysters rose col-
3 ko E | | ' oured. Teredo small
June 30 | 00 : 000 0000 | JJ
r | s
July 2 | g0 f lob0oO | JJJC
! | .
< 5 oo | 0000 - Jice O+ larvae both
W 3 ! . /large and small
& | o000 1 (0000 0 JJcecee
" 13 | oo 5 00 JJ
* 16 | go | : oeo | J
|
~ 19 io 000
- I
" 23| ooo 5 :
! :
" 28|, ‘ | 000 ° ' DDD
Auge 2 | oo0O | 000 ) CCCDD
| - |
¢ E R ; 0oGo o ceee Teredo small of !
_ 1 i ¥FF the second brood. -
" 18| ' loo o ceee)
! ; | | FFFDDD ) |
|" 2010 10 000 o CCFFFF A few large mussel
1 : : larvae.
| M =B | o 000 FIFF
B 1 | o000 | DFFFCCC

Explanation of table

o Indicates the presence of a few (some)

00
000

0000

comuon

abundant (many)

" a great abundance a heavy catcH,

In the column headed Miscellaneous.

represents testate ciliates. (Tintinnopsis)

c
D

n

Dinoflapellates (Gonisulex, Exuviaelia & Faridinum)
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July 7.

A surface tow made from a dory in Fraser's cove with a half-
tide falling. A few early umbone larvae of oysters, a few Teredo,
many mussel larvae and a heavy cateh of copepods and teatate clliates.

Below the Inman bed
Tewer oya{er larvae than in the first sample, fewer Teredo,
gome Mya and many mussel larvae,

Below Mr., Carr's house
F“““ ot -
Many mussel larvaes and some Wym, no apparent oysiers.

July 12,
A surface tow from a dory in Fraser's cove with a high tide.

No oyster larvae found in the tow after a 1l0-minute examination.

Below Inman bed

No oyster larvae found.

Below Mr. Carr'e house.

Found only three oyster larvae after 10 minutes' examination,

July 22. At Inman bed.

A surfece tow from a motor boat. A fairly good tow of oyster
larvae of such a size that they might be expected to mature between
July 26 and August 6.

July 29. At Inman bed
poor tow for oyster larvae, The population of larvae seen
on July 22 does not seem to be represented in this tow at all.

Grand river tows

July 6.
Grant bed at low tide. Only one oyster larva found in the

examination, a few gastropods, many Tintinnopsis and copepods.

Above bridge. A few straight-hinge larvae of oysters, many
gastropods, some large nussel larvae.

July 7.
At the Grand bed. Two strajight~hinge oyster larvae. lany large
pussel larvae.

400 yards above the bridge, A very few early umbone oyster
larvee., Oocme large Teredo, Mytilus amd Mya. A heavy catch of
testate ciliate.

July 13. Tow at Enmore

Tow made below Belam bridge at half-tide. Only one oyster
larva and it an esrly umbone form.

Bldeford river special tows

On July 8 tows were moie in raugh's crewk =t stalion 2001 and
in the Bideford river at stations 2003 and 2M)07 (See chart for

locations). In order of the number of oyster larvae found in they
v bhe arronced oca 2001, 90N =nAa ONN"
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July 20
Tows were made again at stations 2001 and 2007. The first was
by far the better as regarde oyster larvae.

The peculiarities of this ye r's spatfell would cast doubt
on the value of making such tows since in Faugh's creek the set
was a failure while at 2007 there was a good set. The work of
Prytherch ('28), Truitt ('28) and Nelson and Ferkins ('31)
would further suggest thet since the lerval behavicur is conditioned
by currents, ealinitiens and light intensities, that much must be
nlresdy known about any particular districet before any single tow
could pessibly mesn very muehk to an exnminer.

Furthermore the promise of a spatfall brought by a good tow
in the early part of the sesson seems more likely to be fulfilled
than that from a tow made later in the summer, if we may generanlize
from the 1937 experience in the Bideford river, Hopkins ('31)
found that in Galveston bay in Texas, little reliance could be
placed on tows alone as a basis for estimating the prebable success
of the spatfall to come. Frytherch ('28) has noted and Mr, G. ¥.
M. Smith has concluded from his obaervations in the Bras 4d'0Or lakes
that since good mets may often occur in areas where there were
very few larvae taken in tows the dependability of that method
of sampling is questionable. It would thus appear that each area
must be studied indlvidually before random samples can be of any
great use. In Canadian waters this would necessitate a whole
programme of research on larval reactions to the variocus factors
of their environment, '
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REARING OF OYSTER LARVAR FROM ARTIFICIALLY FERTILIZED EGGS

In order to study some of the earlier stages in the develop-
ment of the oyster eggs were artificially fertilized on July 8 inm
the same way as wag described in the last report (Medcof '36). The
young larvae however were transferred to a plunger Jar in which
the water was completely changed every day for fresh river water
strained through #18 bolting cloth. Under this treatment Lhe
larvae matured up to the ctage where they were turning rose-coloured.
This point in the life history is reached in nature between the
7th and 8th day (Keleon '2d). In the culture Jars this wns attained
only by July £4 when the average length of the larvae was &8u.

The animals' stomach contents as scon as the shells were com-
plete consisted of smmll cells, apparently flagellates of the same
type as Lhose found in the larvae taken in tows in the river. This
experiment represents the writer's most successful atiempt thus far
in the rearing of larvee from eggs. A large number of the larvae
were lost during the last week due to = leak that developed in the
siphen screen thet drained the plunger jar and the experiment was

discontinued,
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OBSERVATIONS ON SHIPWORMS

Small wooden bars were used to keep the individual shells of
the cheins of experimental collectors used in studying the season's
spatfall from slippkng cut of their pleces in the series., These
collectors were set out in the river =t the stage on June 26, By
July 30 the weod was go badly tunaeled with shipworms that two
of the bars broke when the chains were hauled upe A single animal
was dissected out from the wood nnd examined under the microscope.
It was approximately one centimeter long and two millimetcors thick
and filled with ripe ova.

On August 10, the last of the original series of bars broke
during the hauling-up process., MNr. G. F. M. Smith who was visiting
the lazborstory 2t the time dissected out several of the adult
animals, Bingle individuals were found to contzin a2t the same
time eggs that were ripe, early cleavage stages of Tertilized eggs,
shelless swimming embryos, embryos with rudimentery and complete
shells cnd finally meture straight-hinge larvae, apparentily ready
to be extruded., These last in some instances seemed alrendy to
have some stomach contents turning sbuut uander the action of the
gasiric cilima, A like condition wes found by Sigerfoos ('07) at
Beaufort, Horth Carolins, The animals appurently spawn even wien
they already contain marsuplal young., This is different from the
conditions found in the viviparous oysler which contsains marsuplal
young all of aprroximately the same age mnd presumably developed
from a single spawning (Hopkins '37],

Hormalin preservation of bits of the bars were made on the

dates of these examinations sand left 2t the station.



Vast numbers of young Teredo larvee appecred in the river
water during the second and third weeks of August. It thus appears
that the shipwerms in the Bideford river at least during the
summer of 1937, produced twe broods of youngs The time regquired to
reach sexual maturity snd produce young ready for releace i= not
far from six weeks after the initisl settilement, The interval
corresponds very closely to thet reported for the animal in the
Woods Hole region by Grave {'28) in New Jersey watler by Nelson
(*22) en ' ('24a) and in Horth Carolina regiovns by Sigerfoos ('07).
The 1lmst author observed on the surface of the wood into whieh the
larvae burrow that the tunnels were more frequent where there were
crevices., It is interesting to note that the ssme habit of "seeking"
out a sheltersd niche before setilement is common among the Teredo
larvae in Bideford river.

In the pores of commercial collectors formed by bubbles in
the surfece film of concrete, sdult shelled larvae of shipworms

are almost invariably found during examinations for oyster spat.
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OBSERVATIONS ON THX SPAT OF QUAHOGS AND SOFE-S8HNULIED CLAMS

While screening the beach sand on August 26 four samples of
young lnssa, & surprisingly large number of young clams and gue-
hogs was found in the first centimeter below the surface. The
quahogs were of particular interest since they were of several
different sizes suggesiing that they belonged to different “"sets".
Severanl length messurements werc made - 1.2, 2.5, 2.8, 3.0, and
Je€ mlie

A formalin sample of these wae made and kept with the Nassa.
Eoth these were left nt the station. 4 similar sample was made
in late f2ll by Mr. Hayes which should be of use in comparison
with the first in establishing growth rates during late sumauer,

This method of collecting seed quahogs seems simple enough
to be practicable on a larger scale should "seed" ever be required
for cultural purposes. Lssentially it is the method worked cut by
Fightengale ('15) for collecting seed of Mys at Essex, lMassachus-
etts.

It_is juenstionable whether or not the guahog can survive the
gevarity of the winter in the szhmllow on-shore water. A close
exarination ghould therefore be mede in the spring to detarmint

whether or not they wllil have suffered winter klilling.
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