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Iatroduction

4n Cape Breton fros day 16 until

tinued the oyster investigations

He had carried on theTe in 1968.
Besides the direct investigational work rejorted

telow & considerable amount of time was Spent over the
exaninatdon of grounds which had beén applied for by
prospective oyster faruers. These cxaminations were almost
entirely confined to the pras d10r lakes.

Most of the experimental work re.orted here was
carried out at Orangedale, Nova Scotia. Tue rest was done
&t the Prince Edward island Biological Statio., Ellerslle,
prince Edward Islénd, during the spring of 1989 and winter
of 1840,

The writer is particularly erateful to his
director, Dr. A, We H. Needler for theé advice and encourage-
ment he has arforded in the analysis of probless met with
in this investigations,




Rearing Experiments
Iray Reering

Tray rearing tests siuilar to those carried out
in tiie past were repeated in 1989, ' Tue results, presented
in table I, are much like those obtained in 1586, They
suggest that spat rearsd in {loating trays do grow better
than those placed on deep beds or on shallow flats (See
table IT of this report and Medcof 138, tables I and II).
However, the advantages of tray rearing over bottom rearing
are 30 slight in the Bras d'0r lake that they scarcely

werrant the extra labour end expense lnvolved.

The indication is that oyster farmers siould stock
thelr areus witi oysters obtained by one or uore of tue
following methodss

1, G@athering large "natural" spat [rom the shores.

There 1s an abundance of stock available for this purpose
4n River Denys bLasin.

%, Separating spat caught on artificial collectors

Or on gel grass and rearing them in shallows Were they are
protected from the attécks of starfish.

8. 'By the "brush reuring® method proposed in

the section of this report headed "spat Collection on ErushW.




Table I. Tray Rearing Expertaents.

Place & Deisity per Source - Date - Date  fo % £
partiowlsrs &VAEl irey.  Of sot measired ue.sured xmm..; Sortality . Incresse in
spat U, 1ves sempl urtng during  size during
Tozg
Stoney pofnt © 10,000 1935 Coll. Juné/sd Nov.ll 109° 19 - 31 65
7,000 ¥ * %e lod 13- 8
22500 L Eow s G5 29-i8 £
Tray with wooden
botton 5,000 . "% Mz 19-25  very Mgk =
“Fertilization®
tray 2,000 1987 % Juie-yuly # 10 54 5048 o 85
1555
Silitsgove | 19,000 | 1368 oMl Jugeguiy 0etid el e -3 ™
spat.
5,000 4 = odm = ™
1,200 Teasturals © % ov.s  is3 - o 65
sjat_plcked in (practicatiy)
‘il or 108
| 1,600 v . " 10 o046 . 0
‘subnerged 1edless
fray resting olose
2, tne ol 2,000 . . * 13 30 " L]
Tats Lot
Thissauiae i
TR0 1000 mataraae spae suly/se oceds M7 A - w g 1
gathered: in' July
& reared
alagasaton b
= very dow =

¥56 brush  July/86 | 0ci.30 109
spat



Table II-

cotton rearing experisents

Place & Deseription
Particatars Dete  Date ' wo. Growta 5 5
stacx slinted  Bessired eiswed Increseat soriality increuse in
e i ring Guring sise during
sabite - ‘T569 T5ss 1535
(=5
sgone 187 collspat Juneguly oet. 3 19 &0 -3 i 7
_%ﬁ‘“’ overarsiasd gy
Trescvater 128 Cal. spst . w19 -Es u aex a7 sax
0 Iuly nign low
seft o ssotions s ooil11055
iea briat spat e 1o
on'seces of brusas
Dotng gma
bresimat
(sitor fertilised ST G Sweduy dev. 10 % 20- 5 s £
ala o trersduring
ety goine - Do
st et e 1ot spat Ty isEs Wove8 s s s s £
Bepth 5 to 7 fe. helaon ireys
during 1588
13 spat held on | June 1958 Nov. & T 456 gk “
e arr
157 spet Jlanted - Juis 198" Uov. & 65 -8 ome =
aivectly Sn botton
-
136 spet planted
Biortwuser o aiterTicking 11
nec migiinds Juse 1038 wov. 10 4 @-a ntgh «

lesse (sbout



Tble 1T Continue

Place & eiipiion Date No.  Growti 3 3
Particulars o siRnted seatured sespured Ghcredeat sorcality ineresss tn |
stoek ur aufing size during
saaple 1939 (= 1as8
Nortn bustn k. Demys
Deep mater slot 187 siat lated | Jime 1 Fovo 40 0 -4 s o7
F. Gillfs  @fcer trey.resring
o (sbont &
' reet deus)s
Qillts cove
Dopth bout 4 [t. €38 spat seperated
et.at B i6- 20 % ATt

froa Erus
planted directly
20’ te botto

June 1339



latter being merely broken up into sections.

4. 1988 brush spat still attached to short ,ieces
of brush,

Table II. shows that grewth in these shallows
was yoor 4s compared with thet at grester deptis in Gillis
cove in 1959 and at Gillls cove or Stoney point in 1948.

The growtn of spat left on sectious of collector
was consplcuously poor and wortality high.

The brush bearing the 1938 spat, although badly eat

by Teredo, was still strong and had to be chopped up with an
axe {nto sort plec

4 - 6" long, before plauting. Many

of the spat were killed in tals process. It was fouad that
wave action during storms, even though largely interrupted by
the protecting breakwater, was sufficlent to carry much of
the brush ashore. Tne results of thls type of rearing seem
very unsatisfactory.

On the whole, the 1989 4TOwWth in shallows wus aot
partioularly enooursging.  Howsver, toe sumner. mortality wes
auch lower then st greater depths, and thls yartly compensates
for the slow growth. There was some overcrowding of the
stock on the plots tils year wiich eould be avoided in saother
tests It s

s Teasonsble to continue the test of rearing
on flats amother year. 8o far there hus been no chance to
test the extent of winter killing on these areas.
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Spat Coldsction.
0n ted Egg-case P dons.

Tnis yeer 585 bundles were orepared asd placed in the
water, strung from norizontel yoles, on July £7,28, and %9,
thet is, Just &t the spatfell mexiauj Of these, 325 were
exposed in Gillis cove, 100 in Orangedale bay and 100 in Martints
cove. The collectors were not uniform in that while most had
been ndijped® early in the seison and had had ample time to
set firgly others were still " green® and berely dry when placed
1in the water. It was found that the Wgreen" collsctors cavght
almost no spat &t all even when Hign sdjacent to sewsoned ones
that, on the average, Teceived heavy sets. It was noticed
when, Wgreen® collectors were being hauled tothe surface for
exaiination, that a uilky cloud appeared in tne water about
thel, probably caused by the working loose of unset lime in
the costing mixture. Tt was found that although the surfaces
of the collsctors had recelved alsost no set, the concrete-
coated wire wrappers of these had caught just as heavily &s
the wrappers of the scasoned bundles. It thus appears that the
difference in efficiency between the two lots depended on the
lengths of the times during which they were allowed to set and
not o any peculiar difference in the composition of the
cements of the lime used in their preparation, = The results of
uiller (1938, p.1%, Note ®%) sugiest that tie same sort of
difficulty mey have'been met ¥ith in Prince Edward Island in
1936,

6u the wiole the Tesults of spat collection and

growth, using egg-case partitions, were satisfactory.



8 prush

The 1938 tests of the usefulness of brush for spat
collection were repeated n 1935 with sode elsboration.. Bive-
tically all the test material was exgosed on Jul; %8. - Bundles
of vérious kinds of brush - birch, spruce, alder etc. - were
wrapped with wire and fastened to vertical stakes in such &
wey! tnet théy were subuerged 1 to 4 feet below the surface.

Prou the 1988 tests it was learned that spat in the
crowded ceatral yarts of bundles grew uore slowly then those
9n._the outer, zore ex osed brandes. Tils year cluups of
small elders were cut off at the root in such'a way that the
natural positions of the separate stems were not disturbed and
&ll the branches resained widely separated when submerjed in
wator. ' Small spruce trees were cut end weighted 5o as to stand
vertically like Christmas trecs under water. Besides this
several bireh trees growing ner the water were felled 5o that
wille thelr trunks remained sttached to their stumps; p:actically
their whole tops were submer.ed - somé braaches to a depth of
6 feot.

411 these tests were conspicuously successful for
the brush appesred to cateli'more spat than the laboriously
prepared coilectors. The growtii of spat that settled on the
waole bushes and tree togs wis uaiforn and better than that
at the centres of bundles of brusii but not conspicuously different f
from then on the outer perts of the bumdles.

Tray rearing appears to be lupractical in the Brad
d10r lake and y:t starfish predation is too extensive to

perait the planting of small spat directly onto beds. Besides
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this, it is often difficult to find sultablée flats for
inshore Tearing of small stock. It is planned, therefore,
to leave some of the spat ou this brush for two seasons. By
the sgring of 1941 1t snould be large énough for direct
planting on desp beds without denger from starfish. ITnis
system §f Wbrush resring®, if 1t could be developed, might
help solve the lessees! problem of procuring stock for their
areas at & low cost.

In this comnection 1. is of interest to record soie
observations made on 1987 spat sitached to brush that was
fished frou e smsll inlet off Gillis cove o August £0 tils
summer. The brush in question wus left on tue ice during the
winter of 198§ end 1957 by Wood cutters and must have sunk in the
spring of 197, Tue Mhushynessh of the brush was such &s .o
Keep wost of 1t off the soft bottou where suell oySters would
have suothered 1f they hed been unsupported. It bore a heavy
cetch of living 1987 Spat and aluost no living 1988 spat. It
uay, therefore, be concluded thet it caught aluost no 1938 ‘spat
and that all the oysters involved in the couits, desd and
alive, were of the 1337 set. Only oysters of 1 cm. or more in
dlaneter were counted.

A total of 146 oysters, dead and elive, on brush
taken from 21 of water showed 4 £0f. survival with fair growti.
Only'one sLece of brusi eould be found at & depth of 51 and it
bore £l oysters, dead and &live, and showed & 61% sirkdvel.

These observations suggest thst the proposed method
of Wbrushi rearing" described suove uay have definite
possibilities. 2



04 kel-Grass.
% This yesr there was acother heavy spatfall on the
eel grass and 4 sstisfuctory growth until the fell mortality
destroyed 95% of tue year's catch. The possibllity of explolt-
ing ‘this otential source of stock before the mortality strikes
1t, appeared worthy of investisation. A Wthreshing machinen
for eel gress was designed using & rotsting drus into wilch
were Set sections of mowing macnine knives. It required some
time %0 perfect this machine but iu thé end it was developed
to such & point that it would chop up the Mgrassw 18to short
lengths without agparent dumsge to thne shells of spat. By
working the drum in water & sorting of its product takes place.
The short sections of leaf bearing spat sink to the bottom
near the drum while the Lighter sections, of grass only, are
carried away by the action of currents produced by tue rotation
of the engine.

‘Unfortunstely, by the time the machine was perfected,
the spat mortality had passed 1ts peas and there wus little
left with wonich to nx;-th but "grass" bearing empty shells.

It 13 to be hoped  that another year, tests can be made with

living stock.
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Artificial Stimlation of Spawning.

On the afternoon of July &, & lot of about 50
oysters was fished from 6 feet of water in Gillis cove smd
placed 1in & floating tray at the water's edges As fur &s
could be determined no spawning had occurred among these oysters
to date. The surface temperature ranged between &0 and £1°C.;
the bottom temperature at 6 feet was 19.0°., The oysters were
put in the tray at 3,15 p.u. By 8,25 some had opened their
shellsj ut .45 all had opened but there were no signs of
spewning, The spawn of two macerated oysters wes, therefore,
added to the water to stimulate spawning. After 52 minutes the
first oyster, a female, begen spawning, Notes were ket on
the activity of 5 males and 4 females. Active spewning of
the females lasted 21, 30, 85 and 55 uinutes and the shell
pusations occurred at the rate of 1.2, 1.4 0.6 and 0.5 per
atnute, Tespectively, for the four animals.

The spawning periods for thé males, individuslly, were
11, 18, 16, adn 18, &l wminutes.

The lengths of the periods must be erbitrerily
déternined because spawning does not cease abruptly but rather
is carried on for & long while at & low rate after the really
active period is past.

The water at one side of the tray was shallow and
its temperature at the beginning and elose of the experiment
was £0.8 und £0. 69C. respeciively. On the deeper side it was
£0.1 and B0.0. The first oysters to spamn were on he warm

side of the trey,
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The rate of pulsation of the female oysters during
the act of spawning was lower here than is reyorted by otner
workers (Galtsoff 1958) and the length of the spawning period

too is extended. These processes may be s

ject to temperature
regulation.
Spawning and Lervel History in 1929.

A study essentially like hat of 1958 (Wedcof 1358)
was carried out for Gillls cove. The adults were very mpoorn
&nd developed only & thin layer of spawn. The temperature
rise of July 5, 6 and 7 apparently induced tue only iumporcant
s’pn'ni.ng of the season. The resulting brood of larvae wes
composed of a single compact &ge group.

Size-frequency distribution studies were wade on
samples of larvae taken in tows made with & #18 silk bolting-
cloth plankton net, on various daies. Measureuents were wade
using an ocular micrometer in combination with a Leitz 10X
ocular and #6 objective. (1.0 ocular clvisions equal 140p).
The results of the measurements appear in table III.

Spatfall was carefully followed Dy counts of spat
netrllinz on experimental colleciors of the saue type as Luose
used in 1938. The results of the counts appesr in table IV.
The settlement maximum occurred on July £9. That day there
Wes an average set of 7.7 spat per square centiuetre of
experimental collector. The results show thut the uesn fTee-
swianing period lasted approximately %6 deys. The daily
average water tempesture during this yeriod (Laking the
average of both surface and bottom readings) was ££.2°C. This
result fits very closely with the records for Prince Edward
Island (Medcof 1989).
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mature larvee of 0. edulis and Q. lurida. It scems reason-

sble to suppose that these inconsistencies are not cue to
faulty observation or racial differences in the various
stocks of oysters concerned but are the natural result of
environmentel influence such as that just desonstrated for
9. vizginics.

The work of Nelson (18%8) suggests a marked decre:

in larval growth rate during the last three days of the larval
perfod. If this were true then thers should be a conspicuous
accurulation of larger sized larvae about the time of settle-
ment., This has not been observed. Tne year's results do show,
nevertheless, a slight decrease in growth rate during the last
two deys. However, this is so slight that it is assumed to

be the result of falling water temperatures observed on these
dates.

The maximus sets occurred on July £9, so that the
mean growth curve for the brood should not be continued beyond
this da It seems significant that if tals date had not
been definitely known we should have been tempted to extend

the curve to include a point on the date line marked "July 50M.
If this had been done then the resulting curve would have
taken on a shape &;proximating the sigmoidal type drewn by
Nelson.

The saue problem can be approached frou a different
angle. The results of the prodissoconch measurements of spat
settling on July £7 (table III) show that 80§ of the settling
larvae fell into a compact size group ranging in size froa
2,80 to 2.60 ocular micrometer divisions. The difference in

size between these two extremes represents three days! larval
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growth (A% this time the larval growti rale is apyroximately
0.10 ocular micrometer divisions or 14 u per day).
Beference to the records of lervel messurements for

July £7 (table III) will show thet the group of larvae clustered
about the mode and ranging in size from %.075 t £.575 oculsr

uicrometer divisions (The @ifference sgain between the two
extremes is equivalent to 3 days' growtn.) included 66§ of the
san;le of larvee nmessured, Assuming lerval growth rate to con-
tinue without slackening it might be predicted thet within a
three-day period centreing about July £9, 66% of the larval
population would settle. The ectual records (table IV) siow
that 62% did.  The close sgreement here seeus to be falrly
conclusive evidence sgainst & decrease in larvel growth rate

. #bout the time of settlement.

Prom this consideration and from studies of other
broods by Miller (1928 and 1939) mnd Medcof (1968 and 1.59) 1t may
be sefely concluded that there is normally no cons;ichous
slackening in the larvel growth rate at the close of the larval
period in the waters under considerstion. It is possible that
Nelson has made his curve siguoidal because he lacked definite
knowledse & to the position of its end point - that is, beca:

he did not know the exact dete of the settlement reximum for
the brood studied.
Songlusions

In G11lis cove larvel growth and saturation in 1839

were essentially like those recorded for L?SB &nd elosely reseuble
/
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those in Prince Edward Island waters.

High temperctures not only increase the growth rate
and shorten the larval period but also reduce the ultimete size
attained by larvae.

There 1s no conspicuous slackening in larval growth
rate near the close of the lerval period.

Seatfull on Experiments) Collectors.

The same type of cxperimental collector wes used this
year &8 in 1325 (Nedcof 1958) and the results of the couats on
these appesr in table IV. The data siow several interesting
features which are pointed out below.

The total set ou the collectors tils year was only
43§ of that recorded for 1958, BDesides this there are
pecullarities in vertical distribution and in relative intensities
of settledent on upper und lower surfaces which distinguish
the two years.

These uxe sumnarized in the table pelow.

Retlo of |
set on uppers on % of total] Ratio of set $ of
lower surfac set | on uppers on | total
{lover sufface. | _set.
t
surfece 100: 80 1 100: 60 B
1 100:150 u 100: 90 Jrcis
a0 100:270 P FS 1001220 | =
g =N 1005380 = 00: 0 . |
4 100:50 @ 1001160 e
6it 1001820 % | 100160 J 18
For total 4t 1001260 [ 0z |
all depths |
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In both years tne .nteusity of settlement was highest
at & depth of & - 4 Yeet below thne surface although there is
little diiference between this and the settlement intensity
at 63 feet which latter was only one foot above tie bottouw.

Of the total catch, tae percentage settling on lower
surfaces was uiguer in 1959 than in 19%6.

In both 1988 and 1969 there was only one period of
intensive spatfall lasting 9 and & days respectiveiy. Tue
cateh caue one week later in 1989 tnan in 1966. 1u Loth years
spatfall, in greater or less smount, continued for over &
month.
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Table IV. Spatfall on experimental collectors in Gillis cove, 1938.

Date surface 1t 2 By 44t 6t Total cat
atch
w5 down w5 30w iy 4o Wy Gow i Gow up dom. ey

'ao ou, of‘

July 24 &.a.

Juiy@8m. L. 00 10 21 1 0 00 2 7

July £ to

July 26,5¢ O & 128 k89 157 268 L1l 777 418 681 155 649 5389 1696

M! 8, 5P

0 July <9, a
555 Ad. 0 0 91400 97 478 L1715l 100 670 k56 940 4868 4858
Juy uhblhb

80,
11160‘! 0 1z 19 54 65 6k 76 108 107 80 162 754)1162
July 80,11:80
PM to July
30,5:85 P.M. O O 37 4 84 B0 sk 4 76 89 13 68 408
July 80,515
PM
8l, 'leﬂ“ 0 0 21 3 61 46 20105 82 98 &4 %98 799)1586

Ju11817|10
A.M, to July
3i, 5ie6 pu 86 55 39 %5 £ 7L 91 65 64 19 34 70 587)

July &l,5:£5
Aug..

6 B2 ki 36 64 44 98 61 51 50 66 558

5 B85 4587 18 85 %6 87 40 b 29 k9,

1l 209 64 204 80 21k 77 151 204 177 340 1758 879

Aug. 3, 5120
P.M, tO Aug. 4
5, 5140 PN, 4 0 5 s 6 9 1z 28 & 28 8 & 135 97
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Table IV Continued

Total
Date Surface 1V Pl il 4z' 6@ catch

down up down up down up down

Aug.5, 5:40
PJM. to Aug.

7, 5150 P.M. 0 0 3 & 0 @€ 7T 117 s & % 87
Aug. 7,5150

P.M, to Aug.

8, 5350 P.M. B .1 1 0 & 3 1 5 3 13 & 24 6z &
Aug.8, 5:50
o, %o

9,
Aug. 9, 5150

PN, Aug.

10, 5350 P.M. 0 0 & 3 1 6 & 6 2 1 & 8 41 4l

pSo B0 0 0 X 0 3 & B B & 1 6 25 25

Avg.l , 5:50

P, to Aug, 12
340 PoM, 0
Aug.l2, 5:40
P, to Aug.

15, 5:40PM° 0 0 1 5 1 3 08 0 5 11 35 12
Aug. 15, 5:40

PuH, to Aug.
18, sx 7:00 P4 0 1 1 12 0 8 2 18 £ 19 3 2 87 29

ug .
B, 008 00 1.0 0 o 4 37 1 & m "

Totals 104 6% 605 570 694 Ll6k BE £B66 VL4 %75 G54 L7586 10,947
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A peculiar phenomenon was observed during the week
of July 9. Guall straight-hinge oyster larvae were captured
in sbundance in & tow made on July 7. During the afternoon
of July @ there was & strong southwest glse that set a heavy
sea ruaning in the main part of the lake and, no doubt, caused
considerable disturbance even in such .rotected places as
Gillis cove because the water temperature there fell 8°C. in i
that one day. After the water hed quieted down & tow was made
8t 8 pui. to see how the larvae had "stood® the blow. Wherees

two duys before hundreds of larvae were captured in a ten-
minute tow, 1t was hard now to find & dogen in working over
the catchs The picture was the same on July Ll when it was
impossible to get enough larvae for & size-frequency study.

On this day there was a fresh breeze from the east.
On the morning of July 18 there was & fresh nortawest
breeze that died out later intie day. On the last date a

tow in Orangedale bay yielded &lmost no bivalve larvae what-

ever, A k5 minute tow in Gillis cove was made the sase day.,
the net being hauled near the surface part of the time and part
of the time &t & depth of about 8 feet, which was as deep &s
could be msnaged with safety to the net. The cateh was
extreaely scant for only thirty larvae were found after &
long exaalnation.
It was necessary to get more larvae for the study
of growth rate so on July 18, & warz but breezy day, the tow
was not made until 7330 P.M, when the wind hed died down and
the water was quite still. A good catch of larvae rewarded &
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tow of only 12 minutes. No further difficulties were experienced
in getting ample catches especially during the fair weather of
the last few days of the larval yeriod.

Tue writer has awélt on the observed effects of wind
1t may explain & peculiar condition rejortéd for the cove by
suith (1967). Larvae were difficult to find yet & satisfectory
t was obtained. This sppears to parallel the present
experience. Miller (1938) has shown the effects of & two-day
gale - July 9 - 10 - at the Prince kdward Island Biological

station. On July 1l larvae were pre-emt in the upper 4 feet
of water in only £f of their abundance at thls level on

July 8. By July 1 they had recovered their former distribution.
Pump samples taken 6 inches above the bottom at such times
showed no increase in the nusbers of swimuing larvae &t that
level. Other workers have made similar observations aud the
writer 1s inclined to agree with Truitt (1825) who believ
that the larvae spend a considerable pert of thelr time resting

on the bottom during storms. Apparently the larvae recover
very quickly from the disturbances.

Fortunately, there was little or no heavy wind during
the period, July £9 to August 1, to interfere with the results
of tests made to determine the effect of ligit on larval

ettleent,

Sonelusions.

The churning of water by heavy winds forces the larvae
away from the surface but as soon &s the disturbance is past
the former distribution of larvae is quickly restored. During
the period of disturbance many larvae probably rest on the bottom.

3
1
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e Effect of Light on Larval Settlesent.
Cole and Jones (1u68) found that the rate of spatfall

of Ostrea edulls in tenks wes approxisately three times as

great during @aylight as at night. A crude sttempt wes made

to test the effect of light on larvae settling under the zore

natural conditions of Gillis cove. beginning the evening of

July 28, the experimentsl collectors were renewed both worning

and evening (instead of in the evening only) for tiree days,

at the times indicated in table IV. Apparently the uppermost

of the six collectors was not submerged during the first

three geriods of the test for no spat &t all caught on it.

Ordinarily it is submerged three or four inches below the sur-

face. For the above reason calculations we.e based on records
from the five collectors fro: the ome to six-and-a-half-foot

levels only. The following tsble summarizes the resujts.

Rates of Settlement (Expressed es|number of spat per couacf,nx-

ru— nour of exposure).
Two upper collectors | Mid-depth | Iwo deep  fverage
considered together collector | Coll, con- |for the
| sidered to- three
gether depths.
Day  Night Duy Night ' Day Night
[ 7
g- 7.2 5.0 10.3 6.9 |10.& 13.1 rate
Day and night con-
sidered together 6.1 96 | L7 |wight rate
! 2.
- I Day ratd
5.6 £.3 58 7| 4.5 4.5 4.8
iDay end night con- Night rate
sidered together. 5.0 4.3 | 45 5.2

Dy end n,
o

Lt con-
sidered together 8.2 ! 5.4

5.7 8.6 Day rate
.6

1 5
o gyt |
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The results agree witn tiose of Cole and Jones in

that the sets, except &t the bottom, were heavier during the
day than at night. The difference, however, is not nearly

50 great in Gillis cove as in the Conway tanks. This

@iscrepancy may be partly explained {rom the fact that, in the
present test, each Mnight® collector wes exposed to spat fall
not only during several hours of cariness but also during

some bright daylight and to both oraing and evening twilight.
The "day® collectors, on the other hand, were exposed only
during daylihgt. In the results, therefore, differences in
larval behaviour in light and darkness would tend to be
obscured by the mauner in which the preseat test was conducted.
Longlusions from study of the sbove table.

Considering sets on upper and lower surfaces of collectors
together: '

1. The intensity of spatfell increased with depth.
2. The rate was almost the same, on the average,
during the dey and night but hesvier near the surface during
the day than at night.
Considering the

ts on upper and lower surfaces of collectors
separately: =

3. Upper surfaces caught zore during the dsy than
at night. The grestest change of this sort was observed at mid-
depth.

4. Lower surfaces caught =ore st night than during the
day.
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5. The rates on upper surfaces of collectors (Con-
sidering the night and day together) is very slightly altered with
depth.

6. In the case of lower surfaces tils rate increases
with depth.

Most of the above observations ca:. be explalned on
the basis of two assugptions. First, that the settling larvae
are positively phototropic over the range of intensities
experienced in the test and, sedud, that the intemsity of

settlesent at any level is & measure of abundance, &t that depth,
of larvae that are prepered to setiie. In the following
explination and discussion of the results these assus,tions are
nade.

4s the mature larvae swim about preparatory to settling,
they gravitate towards the bottom and tend to setile near the
botto on lower surfaces. Just why lower surfaces cre preferred
is a point on which investigetrs dissgree. The sbove picture
1is very clear during the aight. :

In the daytime many of the larvae are stimulated to
swim upwards under the attraction of Lignt and settle wore
heavily in the surface layers than they do during the night.

In swianing upward they avold the shadows cast by the horizontal
collectors and hence, the under surfaces of collectors. The
sets on upper surfaces are, therefore, relacively sreater during
the day.

Further explunations and conclusions based on these

assumptions are temyting but seem nardly Jjustified when the
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erudeness of the experimental metiod euployed is taken into
account. It is, nevertheless, interesting to indicde the results
of other workers for comparison.

Cole end Jones, using clear and opaque glass plates
and counting only spat on lower surfaces, concluded that larvae
of 0. edulis seek shace under surfsces for settlement. They
explain the abundance of larvae near the surface of their tanks
as the natural result of swimuing hebits which keep them in the
brighter upper layers during the day in spite of their supposed
negative phototropism

Hogkins (1987), in experiuenting with 0. lurida found
that although the upper surfaces of his test collectors caught
no spat at all, still, the transperent glass jlates took wore
on thelr under surfaces than did his opaque plates. The ratio
616 to 435, respectively, he did not consider significant and
concluded "that the shadow under the opsque glass did not
result 1n any incresse in catchW. The statement is clesrly true
and would support & bellef in & preference, on the part of larvae,
for better lighted surfaces. Other of his tests suow thet stage
of tide, salinity, turbulence snd pH. are important ractors
regulating the intensity of settlement. The observations f
Miller (1988) and those of the writer discussed in the section
"The effect of winds on larval distribution® suggest that
weather conditions should be taken into consideration as well.

prytherch (1954) states that he has no evidence from
his study of 0. virginica of any tivity of larve

Nelson (19%6) states that settling larvae of tils specles seek
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the shade of under surfuces and are stimulated to swim until
they find such locations. Truitt (1926), on the other hand,
has made laboratory tests that clearly indicate a positive

phototropic resction of larvee of this species.
As for as tne writer is awgre, the present study of
the relative distribution of settlesent on upyer aud lower
surfaces during the day &nd at night, is the first of its kind.
This rough preliminery test indicates that further observations
of this seme type might do aueh to enlurge a very complete
understanding of larvel behaviour as influenced by iight.

Sonelusion.

The present results indicate that the larvae are

Lositively phototropie.
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Spat Nortality

As in 1338 there was & heavy uortality among the brood
of the year but this season 1t wus followed more closely snd
was found to have two maxima. The first was less conspicuous
since the spat involved were chiefly wicroscopic Laving settled
only & few days, The
animals had attained their full season's growtn. The fundamental

cond was late in the season when the

causes of these are still obscmme but seversl yertinent obser-
vations aresentioned here.

Sumser Yortelity (Iumediately alter the set).

4 This mortality, since it involved such small oysters,
attracted no attention frow the oyster fisheraen, In most

cases &s in 1938 it appesred more serious in jlac

where tie
spat were closely crowded together on plane surfaces as on egg-

partition collectors, the blades of deciduous leaves and the
su00th surfaces of oyster shells. Mortality was observed,

nevertheless, smong spat that settled in smaller numbers on

twigs, blades of eel-gress, etc. Counts were meds on spat
observed under the comsound uicroscope and the results are
1isted in the table uelow.

Ciliate protozoans were found between the valves of

dead spat in cases where remnants of the soft parts of the body

were still present. In & few instances they were &lso found
between the shells of spat that were apparently still alive.
Collections of the ciliates were made and suesrs, fiied in
Boutn's fluid, 96§ alcohol and formalin, prepared. No
identification of these has been attempted yet. It was impossible
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To decide whether the presence of the ciliate was primerily
or secondarily related to the'mortality.

Sumser gortality.

No.of spat
pate Kemarks examined  mortalit

July 20 Gillis cove spat on deciduous leaves and
spruce needles; Some still retained the
eye s.ots; none

#ug. 5 Gillis cove, spat: on decldwous leaves:
lates between valves:

show some dissoeonch shell l1ght
Mg, 7  stoney roint: Collector spat: siow cllates nigh
kel-grass spat no cilates none
ug. 8 Stomey point i spat on oysier shells 6 9%
collectors 19 6%
Aug. 10° Gillis cove. On a5 4 48
spat On deciduous leaves /%8 .5
0n spruce leaves 58 62
wite wragpers of
. ollectors 3 22 41
on sectlons oI un:euoned
ectors 3 ”
on ® e eanei
collectors 50 60
Aug. 15 Gillis cove: On eel-gr. 30 45
spat 9a deciduous leaves 75 80
spruce leaves % L]

0On plain cardboard (where
concrete had chipped off

collectors, 5 %%
on broad pleces of birch

ark 900 28

(on's slemier shreds of
birch b 400 %6

8 Stoney Pjcar probably with better
on eel-gr-ss circulation 4 51
Lug. 18  Stoney point; on oyster shells “ AL

spat .

bept. 1 Stoney P. on oyster shells 100
spat
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of collectors was preserved with

& cotplete seri:
the hope of conducting a winter study of tuls woTrtaiitys
Unfortunately 1t was imyossible to distinguish on tuese dried
collectors, the " living" from the Wdead® spat. This fact has
1iluwsinsting then 1t uight

made the above table much Ly
otherwise have been.
rall jortality

Tae wholesale deaths occurring at tiis sesson attracted
the notice of several local oyster fishermen. The Spet by this
time were thumb-nail-sized anc tie large nusber of empty shells
occurring on the eel-grass hauled up on oyster rakes by the
rishermen, was startling. Counts were wade o October 27, on
two coll.ctions with the following results. (Counts were made
only on shells measuring at least 1 ca. in diameter).

Humber Counted  Mortality
®

G11l1s cove eel-grass spat 6z o7

Morrison " . " . 10 n
" ® spat on brush

69 6

froz a submerged bundle
The brush spat showed & very lignt wortality both in
Norrisonts and Gillis cove althoujh no actual counts were made
in the latter place.
It 1s to be noted that at this season tue eel-grass
becase overgrown b; & thick blanket of matted algae that
weighed the blades down to the bottom and, no.dout, seriously

interfered with tne water circulation over tueg. Similar

growts were found on collectors in the sheltered parts of
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Orangedale bay and Martin's cove. In these two places the
collector spat of about this same size suffered a general
mortality ranging &s high as 903 for some collectors. LIn
exposed parts of Gillis cove no such fouling of the collectors
was observed gnd no fall mortality among coll-ctor spat.

A ffykher check on the fall mortality was possible
since several bundles of spat had been brought from Gillis
cove in August and left at Stoney point. Some df these were
laid on the bottom behind the breakwater aud were overgrown
by algae as were those in Martin's cove. A similar sortality
was also observed. Other collectors were placed in floating
trays at Stoney point directly above those laid on the bottom.
On the former the syat showed an unusually high perceatage
survival. In the trays the circulation is known to be good.

The avallable evidence points to the conclusion that
the fall mortality wes brought on simply by "ssothering" by
algae growths which with the water circulatl
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ZIhe kfrect _of Light on (Shell) Growth

In June two special floating trays were built. kach
had four coupartaents 3¢ by 41, two of which were supplied

with wooden covers. A tilrd wes covered wlii quarter-inch-

mesh wire screening and the lust by panes of window glass. One
of these was woored at Gillis cove and the other at Stoney point.
In each compsrtment of the Gillis cove tray .50 small oysters
were .laced. These were of the 1957 set and were "matural® spat
gathered from the snore of tie basin of wiver Deuys in the fall

of 1938. The stoney point iray wus similarly stocked with 1338
spat picked off the wire wrappers of buadles of collectors.

1t was found that & vigorous growtu of algae or various
sorts developed on the wire bottoms of the compartaent's covered
by sereen and gluss. For this veason the trays were frequeatly
hauled and tioroughly cleaned.

Measurements were made on these oysters 1in October
and November. Modal values from size-fruency distrivution
studies of average diameters were used as the indices to size.

The results gre sumarized in the table below.

Rearing Gill1s cove

Conditions No. ~ Growth size No. Growth size
ueasured Increment lncresse ueasured Increment Lucrease

stoney point

am,

Tn the derl 37 - 5% Y 55 18- 45 150
Under Gless %  37-55 439 168 18 - 38 m
Under screen 105 37 - 52 4 m 18- 28 ur
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The data suggest that light exercises & strong
innibitive effect on shell growth. Tuls result checks with
that obtained by Kerswill (1938) working with quahsugs, wussels
(uytilus edulis) and Oysters in Sideford river and that of
Huntsuan (1981) who studied the mussel in the bay of Fundy.
Orton (1928), on the otherhand, nas suggested that certain
actinic rays stizulate shell growth.

These results have & practical interest because of

certain changes that are Deing made 1a the methods of oyster
culture. In the past it has been the custos to rear s.at
during their second sumser in rlosting trays with wooden
covers that yrotect them fros all light. bLuring the last
few years more and more people have peen rearing small stock
1in shellow tidal flats where they are left dry at low tide.
Kven when the tide 1S "inM these animels sust be exposed to
intense 11ght on these shallows.

More than one factor, thererore, probably operates
to Teauce growth rate here: 1l.. Exposure at low tide reduces
the reeding period. Z. The bright light probaply depre

s growth,
It would be interesiing to compare the normal growth

on these flats with that under protecting rooves that could be

arranged to shade the oysters from direct light.
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Zne Effect of Lignt on the Shell Proportions of the Qvster

The most uniform stock of oysters avallable for testing
the effects of light mere the "natural® or "eel-grass® spat of
1987 planted in the light test tray ia Gillis cove. These were
all "singlesh and had the sdvantuge Of a SEOOTHNEss &nd Syw.etry
surpassing that of any spat taken from comeercial collectors.
Snell measurements of leagth, width &nd tnickness were made on
raidon samples taken at the begimning of the experiment and at
the end of the sumser's growth, The results are listed in the

table belows

oOriginal stoek uessured september 30/39
Measured June 30/39 Afer sumer's growth under 1ids
mage of;
sereen  Glass Wood
value of ratio
& i
0.345 0.007 0.225%0.005 . 0:344%0,003 0.55420:0%

Bumber of specimens
measured £ 30 % 7%

When the standard error of the difference between two
means 1s less than one=half the difference, then the means are
usually considered Lo daifferesignificantly. (The standard error
of the difference between tuo mesns 1s equal to the square root of
the sum of the standrar errors of each of the two means being

compared.) From the table it appesrs that in mo case did the p

R
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values of the ratio at the end of the season differ significantly
from that at the beginning of the season.

If, however, the means for the screen, wood and glass
sections be compared among themselves 1t will be seen that (1)
‘the mean for the glass differs significantly fros that for the
wood (Dirference 0.0l0 % 0.004). (£) the mean for the screen
dirfere: signiricantly from that for the wood (Difference 0.015
0.004). () The mean for the glass does mot differ signiricantly
from that for the screen (didference 0.005 * 0.0025).

Froa the above analysis 1t may pe stated that the
animals grows in the glassed ana screened sections were
significantly thicker than those grown in the section with the
wooden cover, but the tiicinesses of those in the glass did not

differ significantly from those in the _creen comgartuent.

Critieism of pesults.
4 attempt was made to examnue the rellability of the
raiso ThISKRRS a3 used 1n thls experiment for testing

Verage Dlameter
shell proportion. The values Of the ratio for the Z0 smallest

wooden-wovered section of the tray were compared. These are
listed below.

For whole sample vor 20 smallest |For 20 largest
or 75

Value of Ratio

i = so5:
Iv. Diageter— 0-2%4 ¥ 0.002 | 0.351 % 0.0005 | 0.525 * 0.007

Differenice from >
nean for whole 0.008 £ 0,002 |-0.009 * 0.002

Mot signiricant)| (Significant)
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From this table 1t appears that the smaller animals
do not airfer signiricantly in thickness from the average for
the sample but the larger, faxter-growing ones do, being thimner.
The sane proved to be true in the case of lerge aud suall
oysters in the section covered by glass. It is quite possible
that the value of the ratio varies with size or age or growth
rate taken either independently or in combination one with
another. The slight difference ointsd out above between the
thickness of animals in the different compartuents may have
been produced by some factor other than difference in illumination.
Tnis point can be aiscussed better at the end of another
season( growta when more data will pe availanle. It 1s ylanned
to carry the same stocks in these trays tarough the suamer of
1840,

No comparison has yet been made of the values for
growing in shallow rlats and &t grester deptis under
more matural ¢ nditions. Such a comparison might be 1lluminating,
for laght 1ntensities at depths are obvicusly auch lower than
on flats.

oyste
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JLrect of Artificial rertilization of Water on growth.

Cole (1939) has shown for Q. edulis that the food
supply may be the controlling factor in the growth of spat in

rearing tanks. It has also been suggested (Medcof 1958) that the

slow growth of xiver Denys basin Oysters 1s directly related

o & poor food supply. If this 1s true, then, conceivably,

increasing the availability of rood should emcourage growth.

To test this ossibility a second and smaller breakwater than
that already described was built on the shallow flat at Stoney
point. A plot behind this in 1 - &' of water was stocked in

July ®ith 1937 spat carried on trays during 1988. A suall tray

with a quarter-inchmesh wire bottom was moored over the plot.
To this was added each week, 6 dead perch (Moroue) 6 - 108
long. The bodies of these disintegrated quickly and the small

pleces®irted down Over the oysters on the botton. At the

same time the rertilization tray 1tselr was stocked (to &

density equivalent to 2000 per 4 by 1E' tray) with oysters from
the same source.

Counts of rlagellstes made on Jily 30 show that

fertilization greatly the of these 1

wnich are known to be an importent source of oyster food.
section off "plankton studiest).

(see

In November measuresents showed that bota lots of
oysters which had had the advantages of water fertilization had
grown better and shown a better survival than oysters of the
same stock which had not. (See tables 1 and 1I.) Tuls obser=

vation along with the fact that adult oysters fattened better
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in fertilized water, and the results of the study of sbundance
of planktonic organisms lends support to the 1888 conclusion
that food supply 1s & controlling factor in oyster growti in

Kiver Denys basin.
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plenkcon Studies.
Flegellate Counts.

During the season several counts were made on the
abundance of minute flagellates in the water. The results for

water samp

taken at stoney point from near the surface are
presented below.

Date  Abundance per Hemarks
cu. om,
June £0 15
July 13 15
July 30 26 sasple .aken from benind the larger break-

water over the shallow flats.

" 30 4l sample taken from pehind the smaller break-
water where the "fertilization® test wus
ng carried out.

sept. 6 80(S) This 15 a high count for this district.

The results agree with those obtained last year
(medeof 1988) snd suggest that the soundance of these organisus
in the yras d'0r lake is less than in Bideford river, Prince
Edward Island. sinec these are known to be of importan ce as
oyster food 1t 1s not surprising that Stoncy polnt oysters are
generally in poorer condition than those in Biceford river.

Qther Plankton seudse;

In connection with the condition study of oysters

described in another section of tils report, & rough estizate
of the total amount of plankton in the water at different

seasons wes mede. Tnis was done by measuring the depti of the
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.
deposit, poisoned with rormalin, that settled to the bottom of
a pint jur holding the cateh from & ten-minute haul with'a #18
s1lk bolting cloth net. & brief history of the changes in the
amount and composition of the catches laken in River Denys
basin, at malagawatch and at st. Ann bay 1s presented in
tabular form below.

xiver Denys vasin.

pate ° place Desrription of cateh Deyth of tie
deposit in
May £7 stoney diatoms sbundant. Testate ciliates 5
point  present; dinoflagellates comson
June 10 " diatous and other minute forms very
cocnon; copepogs abundant; gastroyod 17
fna pivatveteHue’ comaon p
June 13 Giilts & small blue-green wlge 15 comson;
Cove s and ginoflageilates axe 17

i easing; more copepods no

June 20°8toney only 1 type of dinotlagellate left
Point - now; some cope;ods; ctenophores cowmon 2

July 7 Gillis much floating algal mat off the bottoms
cove diatoms presest :n small numbers: only
1 type of dinorlugpllate left und it 1s 5
rare: copeyods have deerpesed; bivalve
Brvae oo lia very common

July 20 Gillis practically nothing in o but N
cove molluscan larvas

July 31 Gillis pncuoauy no phytoplankton but wany -
cove luscan larvae.

Aug. 15 " Tow practically barren of everything -

Aug. 31 L4 ver, scant catch: diatoms and dino-
flagellates rare o

Sept. 7 Stoney Light cltcnx @ore distous and dino-
point ellates %

Sept.14 G1llis light catch: several types of dino-
cove flagellates present in fair numberss z
some zestate ciliates: copepods Tare
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attening
period
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Table continued.

Sept. £7 Stomey  light catch: contained prac:ically
point  nothing but dinoflagellates:

Oct. 19 Gillis C. light catch: mostly phytoplankton -2
Nov. 2 Stomey light catch; mostly phytoplanktons
point  several ctenophores:
o Helagawatch
June 19 dmorlueunt_ns common: copepods
July 7 almoss eatirely dsnoflagellates and 5
alatoms; & heavy catch:
sept. 6 Meny dinoflagellates: diatoms present:
Some copepods: 5
oct. 4 Heavy csteh of paytoplankton 3
oct. 28 Heavy cateh of phytoplankton s
south gut - Bt. Anu bay
Aug. 7 neavy catch: 8 (2)
(sept. 1 Heavy catch: mostly phytoplankton: 4
tlnv. 3 Heavy catch: many diatoms: 3

From the above table 1t 13 Seen that the plankton

catclies from Kiver Denys basin during the fattening period were

consistently lighter than those taken at Melagawatch and at St.

hon bay. The condition of the oysters in the two latter ,laces

wes better than in the first. Tnere was, therefore, in the

three places concerned a clear relationship between the abundance

of plankton organisms and the condition of oysters. Tnis fact
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combined with the conclusions from the studies regorted under the
headings "The kelation or Temperature to Fall Condition,

mEffect of Artificial Fertilization of water on Condition® and
mgffect of Artificial Fertili:ation of Water on Growsh®,

suggests that food scarcity is one of the important causes of
the poor growth and fattening of oysters in Kiver Denys basin.

Jellyfish

According to the local oyster fishersen &bout
Orengedale, Cyania 1s the common jellyfish 1s most seasons,
about the rras a10: lake and surelia, although usually present,
normslly occurs only in small numbers. This wes the condition
observed by the writer in 1836. Thls year, however, tue con-
atditons were completely reversed.

nesides the umusual general abundance of these
anisals great Mschools® of them were Observed several times
Guring the summer. The groups were gemerally sharply outlined
and compact. One wus particularly conspicuous. It was found
at stoney point about 4001 Off shore where the Water was about
181 deep, 1n the late afternoon of & calm brigat day in early
hugust. The school was apout 1x5' J.Dng; 80" wide and
extended &t least to a depth of 12{ which was as deep as the
railing light permitted vision. The animals 1n the group were
of all sizes ranging rrom 4-14% 1n diameter and Were SO Crowdsd
together that they were frequently touching one another. Only
one Cyania was noted in the group. No explanation 1s orfered
for tuis peculiar clumying. The local fishermen state that

this 1s not an infrequent phenomenon.
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Zhe jpustralisn jugd Yora
In 1938 the writer made brief observations on the
sustralian mud worm polydora ciliats in the Bras d'0r lake
(Medcof 1328). During the condition tests carried on in 1539
there were opportunities for a better study. Ihe results from

the yeir's observations ere susmarisea belov.

Locality size of No.of % showing Av. NO. Of W
oysters oysters infection per Tafectss ay:nr
cxanined

gtoney

(%o Dmyl Dlu.n} Adults % 40 1.6

G1llis cove

(R. Denys basin) " 61 5 1.5

Malsgawatch lake " 61 £ ESY

Crowdis bricge,'38 * (9

G1llis cove &

stoney point,'39 Large 194 4 7340
Tray spat

1n all but one case the small oysters that were infected
cane from the lightec compurtments of the "light-testh trays at

Gillis cove and Stoney point.

Ledldes the above records, worms were found in 3 out

of 10 examined oysters from the bar at Malagash on July 31, 1929.

At no time has the writer seen blister worus in oysters {rom

Malpeque bay or South gut.

The 1938 results are instructive bschuss iy SHOW
Wises 444 OU ODServed in 1938, that the worm hus & general
distribution in tae bres a'0r lake occurring evea in oysters
found on very hard bottom. The last 1s clear from the
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Malagewateh Tecords where the percentage infection ran above

sverage and the intensity of infestation of infected animals

was higher than at G1llis cove where the bottom 1s wuch softer.

of the several locallties mentioned, Crosdis bridge ppesrs

o provide the best conditions Sor the mud wormls actlvity.

Here there are large shallow areas of soft bottom flooded

by water of low salinity anc heavily ,opulated with oysters.
Tue Tesults of the condition tests suggest that

worm-infected oysters are not, on the iverage, consplcously

poorer than the unintected. Of 55 oysters on walch individual

Tecords were kept 30 were fo nd to be below andgb above
Ine

average condition within their repective groups.

suggestion 1s that the uwud worm does exercise a slight deleterious

efrect on 1ts host. In spite of this, last year!s conclusion
st1ll stands. There are no indications that the aud woram 1s

likely to become & Serious pest.
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Hesistance of Various _woods to Attacks of Shipworns

& nuaber of local people avout Orangedaie insisted,
during the early pert of the season, tiat poplar Wood was
imsune to the sttecks of shipworm.. Lo July, thereiore, several
pleces of wood were placed in the water aud wéightec with stones
to anchor them. These were exsuined on Noveuber l& with the

Tollow:ng observationss

peuled green poplar stake - heavily infested

Poplar stake witn bark lert on - worms had enlered in swall
nunbers &l the knots vhere
11ubs hed been cut off: other=
wise not attucked.

poplar bourd - heavily infested
sproice pole witn park left on - not atiakked
Malpe pole with burk lert on - not ubtacked

Dry spruce voard - heavily infested
pealed green syruce stake - heavily infestec.

The results suggest that there is no spscial protect-
ing quality shown during the first yearfs exposure of elther
green or dried poplar. The bark of tue various woods on the
other hsnd does seem to be effective in warding orf the attackmu

of shipworus.



% - 45 -
Specific Gravity of Oyster Shells
Ine hardness of the shells is an important character
. 1in the fisling, handling and shipment of oysters - & fact well
" known to the trade. Observations sugi®st that the harder a
shell 1s the Wheavier® 1t is. During the condition tests there
was &n opportunity to study the specific gravities of suells
from @ifferent districts and frou different types of environ-
ments: ' Thé results of the tests uade are listed in table V.
‘The results for the Malpeque district show that the
specitic gravities increase towards the "oent bay. It is

generally recognized that quality varies in the same way and

that growth rate varies in a directly opgosite rashion. xepid
growth,: then, goes hand in hand wits the production of lighter
shells. Ortonand Asdrthalingan (1927) have suggested that
schalky® deposits cen be formed iuch more Tayidly than mnormalw
shell and chalky shells like those of the ¥Tas d10r lake have
low speciric gravities (table V). ALl these concitions meay
be directly relatéd to one another.

There 15 & further consideration that bears on this
subject. Orton and Amirthalingam have snown that in sowe stocks
of oysters there are two layers of norual shell put down each
yedr interspaced with & chalky deposit. Ihey have also suggested
that the 'laying down of the chalky deposit peruits the even
contact of the santle witn the snell. May it be that the "needn
for chalky deposits 1s most scute at times when the oyster is in

- poor conditfon? 1f this were true then there is one ayailable
explanation for the extreme chalkiness of River Denys basin
shells bacause these dysters are extremely poor for long yeriods

during the summers
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The data appesring in table V incicate a clear
relationship between salinity of the habitat and the specific
gravity or shells. Throughout the Bras a'0F lae the salinities
are low and 50 too are the shell specific gravities. It is
peculiar.that the transter of Bras d10r oysters to South gut
has not Dbrought about any change in the shell specific gravity.
This may be be-suse there has been little shell growth in the
three years since the transier.

There 1s some slight indication that oysters growing
‘on rlats where they ire exposed to a strong light, have heavier

shells than those growing in deeper waters near by. When small

oysters are removed from flats and placed in floating trays
thelr shell specific gravity goes down except !n cases where
they are exposed to light in these trays. There is uore or
less clear evidence that growth in deep water and in covered
trays 1s' faster than on flats and in lighted compartments of
trays, respectively, so that the differences observed umay be
entirely due to this factor of differential growti rather

than to any erfect of light or exyosure.

1937 collector spat thet were tray reared in 1958 have lower
specific gravities thau the "natural® shore spat.

The problem opened up by these observations 1s
interesting in 1ts complexit, and of sufficient importsnce to

werrant further study.
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Table V. Specific gravities of oyster siells.

Place  No. of oysters  Av. value for (Dnless oiherwise stated the
d.

&r. values listed refer to adult
oyst. of size).
Bideford R. 16 2.4 From oprosite stage % Totten bed
Cooper bed 5 2.87
Malpeque bay
Herman Beaton's
deep bed 10 2.47
curtain Island 18 oysters tested
flats 11 4 lots 2.48 small
5 2.0 Frou flats y
5 2.1z » deey bed
Malagash 52 2.18 " bar
0 2.19 LA bed “outsidenm
Gillis cove 5 1.87 ® 18" of water
15 1.7 LR O S
6 1.85 "oer now
N. Basin of K. 15 1.98 Adult oysters
Deays 2 lots of 11 each 1.94 137 coll. spat; tray reared in 13¢
O R T 1T 157 shore syat; freshly ‘mmu
and tested directly.
30 oysters in 4 lots 1.95 137 shois spat after tray-
rearing in
6 » "oz 208

7 siiore spa. l!ter . Lre-
reering in 138 end !

Dark " "4 w199 e all from Wlight
glass 20 " "4 ow o g4 Beats ey tmdiitiacoee:
screem 20 " % 4 v 209
Dark 8 " "2 om o 1.9 138 collector spat reared

2ok, during 139 in "light test® tray
PNT) 2t stoney point.
£ lots of 6 each 2.02 137 shore spat; tray reared in 13
in the submerged tuy 71 below
surface at Gillis
South gut 30 1.95 Eres di0r oysters Sransserred to
south gut in .
Melagawatch 4 £.05 Natives® from shallow waters

pelliers harbour 9 1.8 "Hatives®.
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Condition Studies.

lntroduction:
A of influ

populer judgment
of quality of oysters. shape, colour and consistency are
important suell characters while "fatnessW, fresiness (as
opposed tn staleness), saltiness, size, firmness, general
colouration and presence or absence of & dark mantle margin

are among the chier criteria for ju

ng oyster meats.

fThe Teported observations of suith (1937) sud edcof
(1938) and the results of trensfer tests of Sras df0r lake
oysters to St. Ann bay confirm earlier conclusions that the
River Denys basin oysters are usually conspicuously inferior
to the average s regards fatness. On the sugsestion of Dr.
A. W. H. Needler it was decided to carry out & systematic study
of Wcondition® or MratnessM of oysters and to attempt a
correlation of 1ts seasonal fluctuations and its local
differences with the more obvious environmental ractors. rom
this study 1t wes hoped that an explanation for the poor con-
dition of the Bras d10r oysters might euerge.

It was cl

r from the beginning that mere visual
observation of oyster meats was insufficileantly discriudnating
to be used as basis for the study and that some quantitative
approsch was required. To the writerts knowledge there is no
published account of any study of condition as such. There have
been severel careful studies of progressive seasonal

change 1n chemical composition and mutritive value of Oyster
meats but in no case has there been any expression of these

in terus of yleld per individual oyster. This last is the
essential basis ‘,"' the present investigation.
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A Condition yector for Oysters.

The ratio "weight : si.eM has been used as an expression
of condition of animals by several workers (Hour 1u23), «nd seemed
a sound basis for the present study. Both these values for rish
can be quickly &nd accurstely determined by welghing and
measuring linear dizenslons. This caunot be said for the cyster.
In the first place the animal is housed i & non-living shell
that 1s often several tiues the weight of the living parts.

The weight of the shell is not likely to vary in the same way
as the soft parts and therefore caunot be included in the
"welght" measurezent for the calculation. Tue soft parts, on
the other hand, have a very high water coatent end &s & result
may vary widely in "ratness" without such corres.onding chenge
in weight. Besides, the weight 1s likely to vary in situations
where there is much fluctuation in the salinity for Lhe cyster's
body is essentially an osmometer. The Jry welght of tue uweats
was decided on as the value to be used in calculating the ratio,
since 1t 1s one of the valves least likely to chenge suddenly
without corres,onding change in ratness.

It seemed reasonable to base an estiuwate of size
on the shell since til. riglc structure 1s less' suojest to
sudden linear variation than the soft parts. Oyster shells,
however, are very irregular in shape and thickness 50 1t was
decided to test out the reliability of several different yossible
indices to si.e and at the saue tlue check the
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dependability of dry weight as a umezsure of Wweightw.
Accordingly, 7 oysters of supposed uniform condition and shell
character were subjected to several measuresents, including
the following, for each animal separately: = total weight,
total ‘volume, total weight after tie shell liguor had been
allowed to drain away for five ainutes by proping the suell
open with & wooden wedge, total volume of tuis propped-open
aninal, weight of the neat alone immediately after removal
frou the shell, weight of the meats alter being inced aud
allowed to'drain for .ive minutes, dry welght of tie meats,
linear disenstons of the shell, volume of the shell aud welght
of the shell.

uani pulation of the values obtalned frou these
measuresents showed that the most mearly cousistent rating of
condition for the 7 oysters wus obtalned wien “dry weightt
and "volume of the space between the two snell valvest (tie

latter called "shell ceupacityM for tie sake of brevity) were

used: The finsl form of the expression was as rollows:

Ty Weight of Meats X 1000
By Velph of Reste £1000 & condition Factor.

One of the -0st ualrorm samples of Oysiers tested
caue frou tie saud flats at balutation cove, Hoveabor 80,
1939, The Conditlon ractors calculated for 9 oysters showed
an aversge devistion frou the mean of only 2.0%. NO other
of several methods of rating condition that were tested cave
nearly such consisteat results. The same was true for other
lots of oysters that siiowed variations in shell shape aud size
of specimens tested. The use of thls exgression, tierefore,

seeus well founded.
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Methods of Deteraining Conaltion Facter

In all tests the weats, placed in staudard -containers,
were heated in & drying chauber watil the welght was comstent,
The temperuture of the drylng oven was approxiuately 100°C.
since 1t was heated over bolling water. The drying process
has beea found- to require from 4 to 8 hours.

Shell cepacity wes calculated by subtracting the
volume of the shell llo;!t from the total volume of the oyster.
Volume deteruinations were uade by the "overflow® method. A
rigid metal cylinder wus filled witi water and tie surlace
smoothéd with & disk of plete glass. By siifting aside tue
disk the oyster or shell, whose volume was to be determined,
was introduced, tie surface sgain swmoothed and the water over-
flowing caught and welghed. The uncorrected figure expressing
tue welght of the water in grams was taxen as the volume
reading of the skell or oyster in ul.
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sources of Error in Method
Blesding
‘There are several consylcudus sources of error ia
this metiod of calculation of the conditlon factor of oysters.
Taking these in the order in which they are eucountered their
relative lmportunce can be estimated. After opening, but
before removing lhe seats from tie siells, the free liquid was
poured off. This jractise was followed because it 1s impossible
to avoid losing at least some of tids at opening and the amount
lost vartea with the oyster depending

on & nusver of factors - shell.shape for one. 1t seeus best,
therefore, to discard the whole of the liquor in all cases.
sometimes 1t 1s impossible to &vold wangling the sests at

opening in which case there is bound to be soue blood escape
lato the shell liquor aud heace lost. Thea %00, there 1s wa

of the peculiar habit oysters have of

error introduced beca
"bleeding® into their shell liquor when stored in air. In
elther case the 1oss of blood with the discarded shell liquor
would tend £o rTeduce the dry weight. Tue exteat to which
natural bleeding into Lhe shell cavity affects dry weight
determinations 1s difficult to estimate but througrout the
investigation 1t was probably not great for wost oysters were
tested aluost imuediately after fishing. krrors due to
mangling were reduced by the practice of discarding badly
ats and using dirfereat oysters. AlL in all, the

damaged
errors introduced here are probubly small enough to Be neglected.



salinity Variations.
The oysters coutaining tne sae amount of OTgenic
matter will nevertheless yield different dry welghts if fished

from waters differing in selinity because of the greater or
1

amounts of salt included in their tissues. The year's
observations were iade om oysters tuat fall maturelly into two
groups - those fished from the Bras d'Or lake wiere salinities
range around £0% and those takes from such places as malpeque
bay, Malagash and st. Aan bay where salinitles range slightly
velow 30%. Thls differeace is sufficiently grest to warrant
further consideration.

Observations on the 7 oysters mentioned above showed
that for oysters of fair condition tie water conteat of tue
fresily removed meats is apyroximately 90 by weight. From &
rough caleulation 1t would appear that in the Bras d10r lske
spproxiuately 18% of the dry weight of oyster ieats of tuis
sase condition would be composed Of selt - for the other
districts about £7%. To correct for this differsuce, therefore,
all condition factors calculsted for Bras d'0r lace oysters
should be increased by 9 or 10§ before comparison witi the
results obtained for other districts. Unfortunately the
reliability of this conclusion has not been subjected to any
experimental test. It 1s based on several assuaptions tnat
aay be argued. OF course, errors due to fauity saiiaity
corrections of the condition ractors are obviated when uaiing

comparisons within either of the two groups.
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Caramelization of Neats in Lrying.
Tully (1926) ststes that in dryings at 100f

.+ there
was evidence of caramelization of Oyster eats. FOr this-Teasom
he carried out his dessications at 60°C. under reduced yressure.
wnile wild cersselization, sltering cheaical componsats of
oyster meats, migit seriously effect Lie results of chewical

nalys:

1t seems doubtful thet 1t would seriously affect ary
weights. The limitations of equiyment have made reliable test
of tuis conclusion 1mpossible. Since all the preseat tests
were carried out in tae same way the results uay be regerded

&s comparaple ror the present, at least.

Exror in ¥Welglung Dried Meats.

Another 1imil of accuracy wes the sensltivity of the
bulances on which the weighlngs were done. Tucse welghed to
the nearest 0.1 gm. ‘fhere is, therefore, a chance for an error
of 0.2 gm. in the values expressing dry weihts because the
weights of the contaluers used were lixewlse ueasurable only
to the nearest 0.1 gm. The average dry welght of tue oysters
generally tested w

sbout £.5 gm. The accuracy of the deter-
mination 1s, therefore, subject to & possible error of about
6% due to the llugations of the balances used. Lo view of -the
randon vuriation in condition of tie individusl oysters them-

" selves and the uct that in ulsost all cuses tie results for
ten oysters were averaged to give the WCondiilon ructorm for
the stock exasined, tuis error is tolerable. .
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[Error in ¥§izem Deteruination.

1o the deteraination of the shell cupacity ihers are
fewer sources of error end these appear to be of less significance.
Several tests were made to deteraine the accuracy of the spparatus
used in smessuring volumes. Successive mewsurements of volume of

the same oyster Li-ve shown an average déviation frou the wewn

velue of only 0.5 ml. 1t seeas tuat tne citef source of error
here 1s brought about by & raifure to huve the shell wniformly
wet at the tive of the volume deteruination. To overcome this
1t has been the practice to dip all shells in water just before
tile volume deteraination 1s made aud to let them draln uatil
they are wet but not dripping. The shell capacity of the oysters
generaliy used for the tests averagea about 20 ml. Tals value,
s stated above, s calculated by suotructiog the suill volume
from the total volure. The averaye error tleu ranges velow & x
0.5 51, or 8%, (It may ba notea that this 3% includes the error

brought ebout by the lizitations of Lhe balances used).

From the above criticisz it eppears that the total

possible error involved in & condition ractor deternination 1s
within 1lj. io order to recuce tits and to correct for natural
variation in the stock of oysters themselves, the condition
factor was celculated for 10 oysters separately ot each test.
Tho averase for these was then Laken as & reliable criterion
of the condition of the stock 1n question. Tids leeds uy to

& consideration of errors caused by laulty methods or sauyling

of stocks.
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Factors Influencing Comdition Factor.
Lffects of plze and Shell shape on Condition.
Attempts were made to discover the effect of
shape on the condition factor of oysters.
sample:

size and
On December 7th, 1939,
were fished frou one small area on the Cooper bed in
Malpeque bay, of large, medium &nd smell cup-shaped oysters and
of large second and third grade oysters. The results of con-
aition tests made on these appear below.

shell Grade Approximate size No. in sample Condition
tested Fuctor
small B %
€0. 52. £2 mm.
X Mediun 9 102
80, 63, 24
Large 10 14
100. 75, 80
Large 10 £
3 Large 10 9

The oysters tested in this experiment
&

where the natural environmental conditions approach uidi-
formity as closely as can be expected and the oysters were
studisd at a time when they might be expected to be oSt nearly
uniforsz. None conta:ned spewn, all had ceased feeding because
of low temperatures and were near the sutumnal peak of condition
demonstrated below. If these animals may be considered as

having been subjected to & uniform set of environmental conditions,
then from the table, 1t appears that condition improves with

inerease in size and 1n regularity of shell. The latter seeus



to be of greuter importance than the former in tiis relationship.
Supporting this conclusion are the results of tests on swall,
medium and large oysters of unifora cup shape frou mr. Victor
Travers! sand flats in Malpe,ue bsy, December 5th (See table XI).
In this case, nowever, the environment 1s 50 fluctuating

(the rlats sre exposed at low tide) that the Tresults may uot

be so indicative as those frou the Cooper bed.
The conclusion from tils discussion 1s that if &
fair estimate 1s to be had of the condition of & stock of
oysters, 1t 1s necessary to secure for the tests, a sauple that
1is representative both as to size aud shape.
Ihe pfrect of Light on Conditlon.
Tne influence of light is discussed in another part

of this report to which reference may be made (page 71).

The Effect of Depth on Condition.
Tnis problem is discussed in another part of tiis

re.ort to which reference may be made (puge 73).

Conclusion
Frou the work reyorted in the two sections referred

to it may be concluded that in sampling of stocks for condition
tests 1t 1s essential that the animals tested be truly re-
presentative of the general population in respect to their
exposure to light and as to the depths from which they are
fished.



Kesults of Condition rests on Adult Qysters

An attesmpt was made to follow, more or less closely,
the seasonal chianges in condition factor for five aifferent
stocks of edult oysters. There were:

1. G1l11s cove oysters fished from 5! of water where
they were growing naturally.

2. Btoney point stock on hard bottow in 4 - 5' of
water. This 10t was transferred from the leases or Join Y.
MacLean and Duncan C. Gillis, on June 15th.

3. Malugawatch lake on hard bottos in 4 - 51 of
water on the lease of Toshie MucFadyne. These oysters were
from the same source as (£).

4. Cooper bed oysters frou Malpeque bay. Samples
were shipped to the writer ror testing at Orangedale.

5. Malagash, §.§. oysters were shipped to the
writer ror testing st Orangddale.

Besides these, wany tests were made on miscellancous

samples of adult oysters. Included here were three samples of
the 1986 transplant of oysters from tue Bras d10r lake to st.
Ann bay. Tae results of the tests aypear Lelow in tabuler

form.



Table VI.

S8

Conaition tests on Gillis cove oysters.

(Before comparison with velues for oysters fished outside the
Bras d10r lake these values should be increased by about 10%).

Date comuon (Where not onnn{nn u.um, the record 15 the

averag, 10 adult oysters tested
and these were fished from the 3% depth in the
main pert of the cove).

June 27

July 12

18

27
Aug. BL
sept.25
oct. 19
Nov. 10

Dec. 16

¥rom 18% of water.
From 3'; only 5 oysters tested.

¥rom6t; " & ® "

Tuts ssaple of oysters was taken rrom s grouy
bedded 11636, close togstier
near sho: r and lef

during EM meh m_nr of 1989,

From 5' of fished from

ample was
Tup the brook® where em-. was considerable
fresh water coming in

From 3! or water in same place as Ho. 12 lot.

From 6 to 1! of water: thls value seems s hghs
The sample was rished for the writer by
ARSISTERE fed -y araakly BV i
specifications

to the depth.

From 6 to 11 of water: tuls sn,,u was fished
by the writer through the ice.

sample shipped to Ellersiie for testing.



Table ViII.

Condition tests on Malag

<#s

teh oysters.

(Before comparison with values for oysters rished outside the
Bras d'0r lake, these rigures should be increased by about 10%).

Date Condition
Factor

(Wnere not omr-uo stated the record is the
average of I rrom 10 oysters tested, and
fished rrom 5! or water).

June 16
July 6

avg. 11
sept. 6
oct. 5
Nov. 5

EL

22
Dec. 15

%
83

1

123

102

Test made at the time of the trensrer

There had been no apperent spawning.

uample of basin oysters transrerred to Malagawatch
late in the fall of 1938. Only 5 tested.

Fishea from &' of water.

Natives and lurge: omly £ tested because they
were hard to

Oysters transferved from Wiver Dews Basin in
f 1958 and bedded close to shore in 1 -
Haptares

some or these scemed to have spawned, judging
frou appearance and temperature records.

Fished from £' of water. "Hatives!
having

These
showed every indication of hai i

Some animals still contalned spawn.

"Nutlives" fished from £' of water neur shore.

sample shipped to kllersiie ror testing.



Teble VUIT. |

B

Condition tests on Malagawatch oysters.

(Before comparison with values for oysters rished outside the
Bras d'0r lake, these rigures should be increased by about 10%).

Date Condition
Factor

(Wnere not otnerwise stated the Tecord 13 the
average of results rrom 10 oysters tested, and
i W iy-weg R ater).

June 16
July 6

aug. 11
sept. 6
oct. 5
Nov. 5

EL

22
Dec. 15

61

EEkn

8L

Test made at the time of the trensrer
There nhad been no apperent Spawning.

uample of basin oysters transferred to Malagawatch
late in the fall of 1938. Only 5 tested.
Fisnea from &' of water.

Natives and lurge: only & tested becsuse they
were hard t

Oysters transterred from Miver Denys Basin in
fall of 1938 and bedded close to shore in 1 -
21 of water.

some or these scemed to have spawned, judging
Trou appearance and temperature records.

Fished from 2! of water. "Hatives
howed every indication of having

Some amimals still contained spawn.

These
o

"Nutives® fished from £' of water neur shore.

sample shipped to kllersiie ror testing.
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Table IX. Condition tests on Cooper bed oysters.

Date condition (Whers not otherwise SARte] o recorded value
vactor average of results rrom 10 oys:

may 12 120  Only 5 oysters tested:

July 20 95  some an mals still contained spawn.

Aug. 25 107  No spawn present in these oysters.

Nov. 16 lx4

Dec. 13 114

reb, £8 115  Iished througn the ice.



e

Nov. 18 106

Table X. Conaition tests
Condition  (Waere not o e record 1s
ractor  the average of Easilie Taes 10 oyste;
tested).
Helagash, He ¥
July 31 7% sample rished rroz the bar
Aug. 26 29 " " ¥ A ®
Sept.27 126 ¥rom deep wa ter outside the bas:
&7 144 Fros the bar
Nov. 20 13 Frou the bar
20 156 From outside the basin in deep water

South Gut, St, Ann bay, H. §.
Aug. 7 81 Most animals were rilled with spawn
sept 5
oct. 2 120
Dec. 18 126 snippea to kllersile for testing.

us samples frow 43 40T lake.
June 15 L] Jorth basia of Kiver Denys off Jomm I.
sept.28 81 oOrangedale bay: froz sewsge polluted area.
Nov. 15 136 4 single oyster from wn island off umrole

Mountain, Tnis the saallest of

& taxen, a1l of which wore of equally fin
cond1tion but 4 of them ware tos large for
volume detersinations and testing

pelliers! narbour.
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Table XL. Condition tests.

(Where not otherwise stated the recorded
value 1s the average pf results Lrom 10
oysters tested).

Date Condition
& Factor
Place
salutetion cove
wov. 30 87
Juelpeque bay
Dec. 1 1z
Dee. 5 102
Dec. 7 123
Bidetord river
May 8 87
Oct. 12 86
Nov. 16 ™
edgoutek cove
may 11 7
87
Nov. B0 20
97

Oysters fere taken {rom flats exposed at
low

Harmon % Beeton's Geep-water beds at
Curtain island, & - 10! of water.

¥ictor 1ravers! sand flats between little
rock and Little Curtain islends y 6
oysters in sample and tiese were umzu.y
smaller than the sverage size used in
tests, These were -xposed at low tide.

sharpts Nurrows peday f1ished from & - 61
of water at iow tid

sauple of 7 oysters collected at stution
landing stage i1n &' of water at low tid

Totten bed oyste:

shed opyosite the station in 4 - 6 of
ter at half tide.

Five oysters onlys  taken from tadel flats
exposed at low tide

Pive oysters only: from deep water never
exposed during tidal cycle.

rrom tidal flats exyosed at low tlde.

From deep water: never exposed at low tide.
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Table XIl.

Condition tests on-small oysters.

Description of
stock

Date Condition
Factor

Remarks

mRatural® 137 spat
used to stock light
test tray in Giliis c. Juse 16

65 This stock was carried over
winter in & crowded tr
until this date. The treat-
uent Trecelved may account for
the poor condition. Tested
in two lots of & each.
"collector® 137 spet  June 27 79 Tested in £ lots of 9 esch.
used to stock the
sstion testw
ploc at uwncy point
"Naturaln 1937 spat July 18 65 1000 in tray 4! by 6's testel
reared on trays in '38 in 2 lots of Ll each.
and 139 1in Gillls cove
"Natural" 1337 spat Aug.l6 56 1600 in tray 4! x 613 tested
reared on trays during in 2 lots of 9 each.
1939
"Naturalt 1837 spat 18 1000 in tray 41 by 81 tested
same es July 13 sample in £ lots of 8 each.
Iuaturald 2437 apat Beptez5 1800 1n trays tested in 2
ane as @ugust lots of 6 each.
1988 stock from light bept.2® 61 In "dare® suenon tested in
test tray at Stoney £ lots of 8 e
point 79 Oncer glesss £ lots of 8 eacl
" 80 under screenz " " M m w
1937 stock from light Oct. 3 80 Inu dark: £ lots of 4 each.
test tray at Gillis C.
86 Under glass: £ lots of 5 ea
" 88 under screenz m " mwm m
same &s Octs & Nov. 10 79 In dark: 2 lots of 5 éach.
81 Under glass " ww W
92 Under screenz . ®wm w
1387 lwak fro- sbumer-
ged w
90 Tested in 2 lots of 6 each.
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Teble XiL Continued.

Description of Date  Condition Hemarks
stock Faclor

en Little rock and
exposed st low tie.

sand flats be
utun cu.rum 1sland:

From '!owx'

gpetezs about pec. 5 108 ) ‘rested in £ lots of 5 each

55, 20, #

Medium-siied oysters m m 109 ) Tested in % lots of 4 each.
78. 55, &0 ;. ¥

Lazge-siked wyaters ®™ w102 ) Oaly 6 oysters in sample:

e 70, 25 Za. # cacis tested separately.

# These values are above those recorded Ior swall systers tron

the Cooper hoa o December By 1938, sugsest that the ¢

ditions on Posed at 16w tide are fivoursble to
um.mm‘ (ln ection WEFfeot of size wnd HueLl Suspe on

Condition®).



-67-

Beusonal change in Condition Fector

Gillis cove oysters, never disturbed by trans-
piantation, were comsidered &s & sort of Wcontrol® stock for
the other series of Bras a'Or lake oysters wiose conditions were
rollowed. The conaition of these Oysters skows :ore or
less clearly several phases that are listed.

A. A period of steady decline during the month of
June and July.

B. Following MA® & very gradual recovery ensued.

This began in the last week of July and lastéd uitil the last

week of September.

C. 4 period of rapid lacrease iu condition factor
to a peak reached in the third week of October.

D. Following the maximum there wes a slow decline
during which the condition factor descended to & level lower
than thet observed in June.

E. After the decline there was a iong period during
the winter when tnere was practically nmo change in condition.

With ménor variations this seme course of change may
be truced in the records for the other districts concerned.
Unfortunately the data are mot sufficieatly complete to make
a general analysis possible. The Malagawatch records suggest
a rise in condition factor just previous to spawning and
correlated, no doubt, with the develogment of masses of gers
cells. Tnls was rollowed by & sudden rall presusably due to
spawning, These latter changes might be expected in stocks of
oysters less peculiar than those Of xiver Denys basin. 1Iwo
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extra phases petween RAW and Mun sy, Lherefore, be anticipated
1n the normel eycle of conditiof, From these.results 1t is
sossible to compose a ‘pleture of what changes uight be sought
in a stock of idesl oysters. Tnis picture 1s presented in

rigure 1. ine tations are from d1
appearing below and £rom the regorts of other workers such s

orton (1928) and nelson (1928).

Zhe Brfect of pswning on Condition yactor

& clear Indication of the effects of spawning on
condition uight be expected in the records for Gillls cove,
Btoney point and Nalugawatch because condition tests were made
on these three stocks just before and just after spewaing wis
known to have taken place. At the first two stations (tables
VI and VII) the only significant spawnlng of the year took
place on July 5, 6 ana 7 but the observed changes at this
time were very slignti The reason fOr tiis provably lies in
the tact that tuese oysters sroduced such u suall amount of
spawh that 1ts loss altered the dry weights very little.

The sudden fall in the condition factor in Malagawateh
(table VILI) between July -0 ana £5 may have been brought sbout
by spawning for the temperature during tiis period ranged
about the eritical level of 20°C. and the oysters were ripe to
‘spawn. Besides this, they appeared lank for a period after this
date. In spite of these observations no larvae were found in
tows made in the lake 30 that defiiite proof that spawning
414 take place is lacking. The sniuals, if they did spawn,
did not Mspawn outh completely because 5 of tne 10 specimens
exanined on August 1lth still contained large numbers of germ



#Chart showing hypothetical change in condition

factor of oysters.

Figure 1.
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cells. These 5 had condition factors that aversged & units
nigher than the general average wialle the "spent® animals
averaged 8 units below average. The indication 1s clear
from this that spawning results in a noticeable chenge in
cases where animals produce and relesse any quantity of gers
cells.

The Tecord for Soutn gut (table X), St. iun bay,
1is of interest since this stock ralled to spawn in spite of
the fact that considersble amounts of syawn were developed
and ripensd. The results are fragmentary but the conditions
observed provably represent the meximum of phase % (figure 1)
maintained until it merged with phase 6, «ll tue intermediate
phases being omitted.

The records for the Cooper bed (table LX) are
pecullar and suggest & remarksble stability turoughout the

season. Hed wore sumpl

been mace near the spawaing tize,
the yicture aight have been aifferent. As it was, no record
1s available after the teuperature rose above 10°C. in May,

until late in July when psrt of the year

spawning haa
taken place. upa

ning temperatures were rirst reached over
this bed during the first week of July. phases : and & have
been o dtted and 4, 5 and 6 seem to Lave been serged.

ZIhe Effect of Crowding on Conaitdon Factor

pending shipment of their catch, Bras dfOr.fisher-
men make & general ;ractice of becding oysters under badly
crowded conditions in shallow water ana often in waters with
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low selinity. Frequently the oysters are not sold during the
fall and the animals are left 1in heaps close to shore where
many suffer winter killing., Surviving oysters that had
recelved this treatment were taken from Malaga ctol lake
(July 19) and rrom Gillis cove, (November 10) «nd tested
(Tsbles VI &and VIII). The results for these siowed tuat their
factors were lower than tuose of uncrowded oysters [Tom the
sase depths and such lower than those of oysters taken from
grester depths. These differences asounted to Z0 and 40

points respectively in Gillis cove

The results of the November 15 sud 21 tests for
Stoney point oysters show that the sase effects are produced,
even by mild crowiing, at grester aepths (table VIl).

Clearly, then, crowding has an injurious erfect on
oysters.

The effect of rolding oysters in waters of low
salinity has not been investigated.

[Effect of Light on Condition

Table XII 115ts the results of tests made on
samples of small oysters grown in the light test tray at
Stoney point and Gillis cove. It will be seen from the table
&s a whole that the condition ractor tor small oysters does
not rluctuste so widely as 1t does for older animals in the
saze water.

It 15 also clear, except in the case of the sauples
tested on september 29, that exposure to light tends to raise
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the condition fector. In the section "Effect of Light on
shell Growth¥, it has been showu that light strongly
depresses snell growti and in the section "Effect of Ligit
on Shell proportion”, 1t hLas been shown that light exposure
encourages the development of a "cupped” snell. Huntsuan
21) nas shown that light producea the same three effects
on the mussel (uytilus edulis).

The Kelation of Jemperature to Fell Condiilon

The fall "fattening® of oysters was & point of
perticular interest in this investigation and every suggestive
lead was followed up with & hope of throwing some light on
the factors important in the process. Perticular attention
has been paid to the positions of the Twp kinks 1n the curve
representing fall condition. These kinks (figure 1) are at
the beginning of the sudden improvement and &t 1ts maximum
where the fall decline begins.

Table XIII has been drawn up listing the pertinent
data. These are liuited in amount so thal correla:ions
among them mey be purely co-incidental. Ihe table showss

1. The fall rise in condition ractor did mot
begin until the water temperature dipped below £0°C, and
sometimes showed & lag Of & week Or more after tils time.
Fattening then proceded to & maximum.

£, The rall aeclihe following the maxiaus, set in
sharply when the water temperature fell belos 159C. The degree
of correlation between the progess of temperature change and

condition change is higher here than in (1). It appears that,



PE o

in a rough way, improvement continued just so long s the water
tempereture hovered between L6 end £u°C, and that the higher
the tempersture, within these limits, the grester wus the rate
of fattening. The difrerence betwcen the finul conditions of
oysters in dirferent districts sesas to depend upon the varying
these levels. In this connection 1t 1s interesting to note
that &t Malagash fattening ceased carlier in the shallow basin,
where chilling of the water comes eurly, than in the ceep water
outside the busin where the fall in tempersture 1s yrobebly
delayed (Adams 1938). Tnis would have the eifect of extending
the rattenlng period and permitiing an uliimately higher con-

aition factor ror the deep-water stock.

kffect of Depth on Condition

4 perusal of the results presented in tables VI, ViI,
VILI, X and XL w1l shows

1. Exposure at low tide usually results in a lower-
ing of the condition ractor. This is probably related to the
decreased length of the daily eeding periods.

2. Oysters in snallow insiore waters have low
condition factors, even if they ere never oxposed. This

rineiple 1s generally recognized by the zras '0r [fisheruwen

who consider "shallow water eysters" as id

tical with Wpoor
quality oystersh. The reason for this pecullarity may be that
in shallows the oysters are exposed to a certaln awount of 0 !

disturbance dus to wave action. It 1s concelvable that tue

ter in such places carries a iderable amount i

of inorg.nic sediment making feeding difficult and that the
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bottom, scoured by the , amy be less yroductive of diatom

growths. The net result of any of taese conditions would be
& decrease in available rood ana consequently poorer feeding
conditions than in deeper waters wiere fatteming wes found
to proceed sore readily.

3. Conditlon improves with depth oui to about &
feet but beyond this there 1s little or no change in condition
with in¢reasing depths. Apperently the stability of conditions
4t & depth of three feet 1s necr the optiuuw for fattening.

The early fall conditions at walagesh fit this
pleture of cepth relitionships but tests made late in the

ason show the exact reverse. This yeculiar raversal has
been explained elsewhere in this report on the basis of
temperature differences which permitted a longer fattening
period in the deeper waters outside malagash basin than in
shallows inside.

Conelusions

4ie general conclusions from this section are timt
oysters in shallow water whers they are subject to wave action,
even 1f never cxposed during tical cycles, (tils condition 1s
to be found in the pras atOr lake), ere poor in condition.
Oysters exposed during tical cycles are poorer tuau those
submerged at considerable dejths. These facts are of importance
to oyster farmers and should be taken into consideration in
tne handling os stocass :
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Effect of Artificisl rertilization of Jater on Condition.

The attempts to "fertilize" the water st Stoney
point have been descrived in another section of thils report.
Iwo lots of oysters were rished on August 15th, from 4 - 5 feet of
water and placed vehind separate breakwaters beneats floating
trays in shallow water ranging in depth from 1 to £ feet. Tests
made September £5 and £6, showed that the oysters exposed to
the "fertilized® shallow water were in almost &s good condition
as those in 5 feet of water, The shallow water fcomtrolsh
were inferior in condition by § points (table VIL).

The conclusion is thav although feedin, conditions
may be difficult in shallow water they may be relieved by &

er availibility of food, 1t is also suggested that one
of the fractors contributing to the gemerally yoor condition

of Hiver Denys basin oysters 1s foou scarcity.
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0u the Csuse of the poor Conaltion of Eiver Denys Basin Qvsters
1t has been shown that the rall condition of Kiver
Denys besin oysters is definitely poor. Irrom the foregoing
discussion there appear Lo be two principle and inter-related
causes ror this; 1. ucanty food supply. 2. Temperature

peculiarilties of the basin waters.

Food Seareity
is has been pointed out, the phytoplankton yro-
duction of the basin during the fattening period was scent as
compared with that of Malagawatch lake. The poverty of these
waters may be caused by the influx of river water that is poor
in nutrient minerals. Such a condition has been demonstrated

for some districts by Morton (1951). Besides tuis, the basin

is ®pottled up" by a long narrow exit, the Boow, so that 1t may
be thet there is little actual interchange with new lake water
from outside. There is enough, however, to keey the salinity
nearly constant during the grester yert of the sumuer. Tae
wind protection afforded by the surrounding hills may also
prevent a vertical circulation of basin water and result in
uneven vertical distribution of nutrient salts. £ low supply
near the surface aight be Tesionsible for the poor yleld of
phytoplankton.

1t would be instructive to study the chemical com-
position of the waters of the basin and of such places &s
Malagawatch where condition factors ranged so much higher.

The results of the fertilization test made at Stoney
point suggest that if more £ood were available, the animals

would be in better condition.
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Tempersture Peculiarities.

The limited exchange of basin water with that of the
lake outside; the protection of the

ters by the surrounding
nills rron violent storms and consequent vertical cireulation
during the suamers and the yresence of broed shallows all com-
bine to produce sudden spring rises in temperatures and,
similarly, rapid fall declines. The lemgth of tac periods when
the water temperatures hovered between 15 and £0°C. in the rall
of 1988 and 1939 were very short. 1t has been suggested in an
earlier part of this report that the lemgth of this interval
largely aetermines the oxtent of fall fattening. It would seem,
therefore, that River Denys basin is hydrographically unsuited
to extensive fall ratteaing of oysters.
1t 1s cleur that there is little possibility of

controlidng either of the two ractors that appear to regulate
fall fatness iu Kiver Denys busin. Tue only rewedy seeas to

lie in practising the transier of basin stocks to such waters

s Malagawstch ror conditioning before shijment. This procedure
has been followed for several years by ome or two of the local
buyers.
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Hydrographic Ubservations for Cape Breton.
1989,

The observations were carried out in p"c.ilely the same fashion
&s in 1938 (Medcof 1938) using the same

The records are summarized.

Hydrography - Gillis cove
‘Readings msde with Knudsen
/ Hydrometer # 500,

Hycrometer

IAY

£5 4,00 p. Sur. M Fresh k, bright 11.5 10.2 21.6 1d.4
1

0 11,00 4. 6! 15.5 22,7 19.5 .
1z L pert cloudy 15.4 Secchi disk
laght 8K visible on
bottom 3§ fa
26 3,00 p. Bur. 4§ prightifresms 15.8 151 20.1 0.
111 14.4 15.4  £0.3 £0.9
20 4,30 P. Bur. £0.
a3t .
1 4.80 P, 4g' 18, Temps.on Jul
E 4.30 p. 48t 10. 1 &by He
3 .00 b. Bur.(negr shore)(outer  £0.0) 15.1 0.4 0.5 Gillis
51 20.3. 19.0° 15,2 20.3 £0.7
512,15 P Bur. 20,
51 17,
7.80 p sur. &k
31 19,
61 18.
© 5.0 P. mur. § Erightilight B k.
st dae
€1 .
7 5,00 P. sur. § part cloudy 8.
o1 lignt Bw ke
61 &1,
8 4.50 p. sur. Braght 6. Temps on
51 254 July 848 by
9 6.00 P, BII:- Part cloasy g. e Gi1lis
5 .
10 4.00 p. bur. & 2.5 15,0 0.8 £0.5
51 22,5 150 20,7 20,7
11 11.00 4 sur. 0.
51 £0.8 Y
12 4,00 p sur. 2.0 R Records marked

MW were made b
K. Gillis,




= Gillis cove

-m -

July

14

Zime Repth Iide  Weather JTemp.

1.20
4.15
5,00
5.00
5.00
5.00
5.00
5,00
4.40
4.15
3.4
5,00
l.s8

10,30
5,30
5480
5.20
5.15
5.40
5.50
5,50
5.50
5,50
5,50
5.50

pome
peme
peme
pems
pems
peme
pome

»

pome
pome
pome
pome
pome
.

Pome

pome
51

pome
pome
pome
pom.
poms
pome
pome
peme

peme

sur.
51

sur.
5

sur.
51

Hydrometer

+ hemarks

20,7

1

No rain guring tiis  pertod end salinities
ttle fluctuation.

Tose probably with

(sal. at
ton P.

0.4
(sal. 1n
Morrison! .
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Hydrography - Gillis cove contimued.

Hydrometer
Zime Depth Iide Neather Jeap. reeding (7) Sal. Remerks
Augs 18 5.50 p.m. sur. 28,0
51 23,0
15 5.50 p.m. Sur. 22.9 15.8 . 20.3 £1.5 Gillls
61 216 15,8 £0.2 2l.5 ®
18 5.50 p.m. Sur. e
5t 24.5
£5  5.50 p.m. Sur. 245
54 4.5
26  5.50 p.m. Sur. 4.0
51 4.0
30 5,50 p.m. sur. 16.1  20.5 £1.8
1 16,0  20.4 £1.7
Sept. 5  5.50 pum. Bur. 4.3
51 4.2
sur. 16.5
51 18.5
15 5.50 p.m. sur. 6.2 18.7 £l.
a1 16.6  19.0 £8.
16 sur. 16.7
51 16.8
20  5.15 pm. sur. 18.0
51 18.0
25 5.85 pum. sur. 17.0
51 7.0
27 5,20 p.m. Sur. 16.0
51 3
3 5,15 p.m. Sur. 16.0 o
51 16.0
11 5.50 p.m. sur. 15.0
5t 15.0
19 11.00 a.am. sur. 5.4

18.1  1£.5 £8.5 Yesterda)
wes aluost & gale;
water well mixed.

25 10,00 a.m, Sur. 7.6 2
] 17.7 153 8243
120 18,4 14.3 £3.3

®
o
-
-
e
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Hydrography - Stoney point.
Rate Zime Dpepth Iide Xeather ZTeap. reading (I). Sal. m

ey i3 .00 p.m. Sur. E Fresh k, bright 10.2 8.7 148
June ®  2.00 p.m. Sur. § Cloudy 12,0 13.8 18,1
" E0 138 e 1
June 12 4,00 p.j. 6! 4 Bright 1409 Secchi disk
Clsagpears
@ 5 reapyean:

June 20 4,00 p.m. 1 udy 1 1848 £2.6 19.5
26 2.30 p.m. sur. Fresh z,hngm xa. 15.8 19.
15,8 0.2 £1.5

er
4§ fathoms

®
»
B
&

50 1080 a.a Sure i
7y 1 11020 am. 4t frx
£ £.00 pom, 4t i
4  £.00 pem. yur. Fresh NW,oright 18.6 15.4 %0.3 20.8
3t 18.6 15.5 0.3 £l.l
65 11.45 a.m. sur. 18..
4 17
8.00 pum. Sur. 18.,
5 18,
) 7.20 p.m. Sur. § Overcast,light &£0.
&t Ee 20,
7 4.00 p.m. sur. 20,
. 4 0.
hig
9 4.00 p.a. sur. e
a1 ko
12 4.00 p.m. sur. 20,
18 3.0 pome Sur. 19,
o 19,
17 7400 pome 0.
1 7:00 buae Sur 20,1
3 16,1 50,7 20,7
wgust See records ror ¥outn point, they ure like those for Gillis cove
iopt. 7 sur. 18,5 16.0 £1.0 £2.0 Stoney pt.
9 20.4 216 m 0
14 sur.
o1
27 su suz.
tet, 18
£3 11,00 w.a. (burs Caln day
station A "
2001 off 8t 1
) effect of the heavy rain -men P
continued during Octobe:

station B. 51
6001 off shore

1%

Nov. £

"1

19.2 242
18.8 24,3
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- Malagawatch T

Dste  fime  Deoth Tide Nesther  zemp.

June 14  4.00 p.m. sur. Cloudy ight B 1d.5
51 o 13518
Ty 5 £.80 pn. sur. bright 19.5
4
17  5.30 pim. sur. brigit
a1
hug. 1x
sept. 6

Jet. 3 11.0. s.m.
28
ov, 20

61
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kiscellangous Hydrographic Observations.

Qthier jres 410r gbservations

Water Hydrometer
reading

B Zizme Depth Iide Zeap.

v, 2

wg. 12

septs 5

sept. 8

sept. 9

t..9
3ept.1d
jept.20

sept.ls

jeptals

ov. 7

sur.
6

sur,

sur.
£

sur.
61

sur.
8

sur.

sur,
61

sur.

9.3 2.3 18.3
9.6 14.8 17.6

18.0 16.8 2l.2

18.3 15,
18,7 15,

18.7 17.7 13.0
18.7 17.4 18.7
17.6 1

17.3 176 &Ll
17,1 17.4 2.3
17,1 15.8

17.2 15.7

Other Observations

L 15.8 .3 20,6
151 28,0 £0.7

ir 28,8 18.7
Lr £3.6 0.1
in 7.8 225 18,0
22,7 17,0

sal.

g -

19.5
£8.0

2.8

E8.5

80.1
81.0

29,7
E

Locelity & Remarics
(8outh Basin of K.

Denys) At Mrs, M.
Livingston's leuse
tain

yanza bay
(River was nigh)
MscKinnon's Harbours
At. A+ Do Mack's
lease
Heclver's cove
Upper Washabuck
tmas 1sland

S
Ottaxs brook st
(James MacDonald!s
euse). south side
Whycocomagh b

Grand Ance at
Herchand lease, Co
Breton Island,
River Moulin at
erchand lesse, CHL

Fox pond, Hestings,
Ccape Bri Island,

15,3 22l £0.4 Frrchyphtegtos
142 22,0 £0.8 hnn baj.
15.5 £2.0 0.5
18.5 1.8 20.8
sept. 30 153 24,0 14,0
24.1 1:.8
tov. & i 8.5  £8.3 18.0
28,5 17.8
Nalagawatch District
fune 14 sur. low. Cloudy i4.4 16.1 £2.7 18,5 Big Harbour
91 light k. 11,2 15,8 £2.5 16.1 ualagawaich
ruly 24 sur. 156 0.3 .z Ppond at Toshie
In:lnuenx.l IL}.-‘A ateh
ruly 26 sur. 2l4 14,6 £6.0 Little Ty
51 20,3 153 25.1 il
wg. 8 1 Pl“llr HArbour.




Date Zize Depth Iide
Juen £ 5.00 p.m. Bur.
Juli 5 5.00 pom. bur.

51

July 21

July 21

Zesp.

20.0
18.0

£1.0
20.5

N Hydrometer
rewding

8.9

15,1
15.%

14.5
praey

1) pel.  Hesther

22,8 1d.4 Pond avove the
road at uwmy I3

o o

19.8 20.4 Morrisonts cove
12.7 20.5

£2.0 £0.8 south basin of
22,0 20,7 mur Denys at

. John N. MacLeants
lease,
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Kecords for Ne 8.
The observations were mede in precisely the same way as in 1938
(Medeof 1938) with the use of the same instruments.
it for -nttl.ng the indicators of the

A magne mexizum minimum
thermometer was not obtained until June 10th. There wre, accordingly,
§8ps in the early reoord:

1939

uay L8 Froze last night cald; 1light rain (first rain
e
uay 29 Froze lest night Cota; Tai & lest nignt
May 30 10.00 & 8 T n 48 clearing
6.15 pua. " w ® 48 Cloudy: L
may 81 9.00 a.a, * e AR auudyxll.ilht B neavy ntgnt
rain; clea
June 1 9, O
47
June 5 6 m ® w66 still clear
June 5 80 ulid 66 Rain last nights light N.cle
80 Mild 64 64 Clouding overs sti.
June 6 60 Cloudy light rain; light SE
48 Raing light B.
June 7 Almost rrost last 44 Cloudys Light morth
night

&
Very cold day:

snow in Halifax  #3  Cloudys light §W

48 Sloatyt ekt a)

55 pt. cloudyr light SE

10 Senperature Teeords

49 Cloudys

€5 still
20! 75 49 1 light E.
L4 7 38 7L Brights light W.
87 84 88 61 prights fresh E.
June 12 9.0 6l 50 5 Fogey: light SE
20 61 82 o ghts SW light
18 40 74 65 @4  Bright: fresh NW
250 54 70  wrights 1ight W -
14 140 0 48 €5 clﬁ\ldyl light w
23 [T g do LI
15 8.5 € 56 % Cloudys n
65 % G it
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Mex.  mine At tise Heather
86 °F 39 °F  57°F Cloudy: SE light
84 58 o oudy; 1ight k
60 45 59 Bright; fresh E
64 48 48  Bright: fresh w
54 34 §2 Erighti fresh %o str, NE west
55 46 47 Bright; fresh to str:
80 30 80 sright: light KE
64 54 54  Brights
29 57 62 Cloudy; 1
&7 57 G Favs wlondss ugnc E
84 48 64 Cloudy: 1i
Hein lest mgn
72 50 pert cloudn Hant x
65 47 47  Clear: 1:
1 58 Clelndyx um H
68 50 50 t: light W
2 36 62 urum, Lignt ¥
7% 62 65  Bright: still
6 “ 54 Cloudys Light to rresh s
70 51 62  Bright: light
70 58 oudys Tresh &
48 56  Cloudys it E.
8 50 50 Cloudy: fresh E
54 i3 54  Brights fresh E
2 54 56 {ghts light
0 24 80 Brigut: light k.
7% 60 70  Brignt: light W
0 38 63  Bright: light SE
76 64 88 &
8 55 64  Brights light N
8 64 6  stomey sW rnn:.n;  (Heevy rain)
2 52 60 Fresh sW: heavy rain
4 6 58 Light NE, clesring but foggy
H 50 Foggys SHIL
7% 52 62 Bright: light .
% 58 58  Fresh ki cloudy
% 56 58 ht: 14,
7% 44 76 prights light W
89 5 75 prights
7% 58 srights lignt E.
T 74 74  Bright: light W.
4 55 Erights light
84 68 77 srights light fresh w
56 T Brighty 1
4 68 78 Part cloudys still
7% 64 78 art oloudys NE Tresh
4 58 80 Glaars Light |
70 28 Brights ligh
7% 62 62 part c. lnudyx *rresh
54 56 8z clend.y till (nmun last
ght.
6.15 pom. & 58 6 Cloudys lignt E
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Date Zime  Mex. Min. At time Neather
July 12 64 58 82 Cloudy: fresh B
64 60 €0 Bright: light E
13 8z 6k 47 Cloudy: still
68 56 5  Hain: + light w
14 8 68  Brigut: light
15 7% 68 ok a1 ain last night
fine rains lgith &
16 % 58 88 raining last night.
oudy: lisht SE
70 55 70  Brights light w
17 80 0 70  pert cloudys light NW
18 0 46 65  pright: Light W
” 83 68 Bx‘i‘htx fresh Whshower
afternoon
19 87 7 ) El‘ig Ly light k.
74 6. 7 Brights light W
0 64 8! ights light k
7% 5 b Cloudy: Fresh k.
£ 60 54 6 Bright: tresh W.
9 5’ Bright, fresh NW
& 4 70 Brignts light W.
3 b Bright: still
&5 9 49 DBrights; light W.
& 7 Bright; light W
2 7 0 Cloudys still
0 Cloudy; light B[ raining
& Fare slowdyy Hane ¥8
6 1g)
2% 8
8
27 &
7
8 8
9 0 4
% [ E today)
80 4 5 dght W
34 *
81 14 64
6 *
Aug. 1 54
2 79 3 nw
6 Brights light w
3 3 32 Brights light w
8 hty light W
4 8 Gloudys Lignt w
el Cloudy still: raining
5 74 66 Cloudys light W
7 8 Brights light §
88 oudys light SE
8 T 82 Cloudy: still
84 ! Cleecr: light &
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Dats Iime  Mex. °F Kin.°F. At timeF Neather
Mg 9 8.00 am. T2 45 7% Brights still
8.00 &. 8 o 4  Clauys light to fresh W
85 i 77 Clear: light to fresh
w & 7L Clesr fresh NW
67 87 Glear: fresh mw
69 40 69 Clear; still
o1 86 66  Clear: fresh W
46 46 Clear; fresh W
8 &5 65 Clear; fresh W
[ 58 69 Cloudy: fresh sw
2 67 76 Bright: light W
% 48 64 Brights light W
8 64 70 Bright: light k&
0 6k 64 oudys light k, rog
0 64 6  Cloudy: light E
3 62 6z Cloudyr still
i 55 74  part cloudy: light W.
& 58 €6  Ppert cloudy; fresh i
8 o4 64 Cleer; light W
7 46 @8 pright: lights
Hot, bright day
" W 0
"
ery hot and bright
84 71 Cloudy: fresh i
86 €8  Cloudy: fresh k.
64 7 Cloudys bright
89 7L Cloudy: s
% 75 Bright: mm; ’
34 6  Bright: lig
T 6z 4 Drichts 11ght & fresnw
& 22 64 uriyht: lignt §
7! 62 6  Bright: fresh W
[ 36 63  Bright: sti
85 63 8 Braghts Light to fvesn 3
68 52 58 oudys str:
€8 54 56 Ligut raini serong
58 52 5% mnmy Tresn KL shower last
% 55 ® Cisadys Lught ca S
7 80 80  part cloudy: 1
54 84 Part cloudy; stil
52 69 _Cloudy: light W
68 68 Cloudy: still
65 @2 ' Brighi; fresh to strong SW
58 56" part cloudys Creshw
45 50 Haining: lignt W
40 9 clowy: Mght &
56 46 s Erignu lione 1, .
56 % urignts lignt
43 8 prient Lancw (Fisnea Today)
5 5  Bright:




P
Date Iime aexe .%. t time

Sept 10 9.00 a.m. 60 85 60 part sloudys Ligat W
6,00 pom. 70 & 60  Clear
11 8.00 a.ml 62 0 8 Clouays nmng SE
5.30 pom. 64 57 64 Heavy rain in p.a.; clear
12 8,00 a.m. 64 50 % lignt m vt. clouiys u.nz
fresh W,
58 Bainings Light fresh My
1 56 62  part cloudy; light NW
58 Brights lig
14 38 0  Bright; light W
n 80 lnx‘t cloudy: light W
15 8 6z in dast nigis cloudy light W
54 % Cloar: ght'w
16 54 44 54 Cloudy (rog): uuht "
17 U 3 54 & ¢ to fresh W
18 34 45 5
1 £ b
20 80 6
7 57 5
£ 7 56
4 4
2 4 4 1aght ke
49
25 3 52 1n
7 57 pert cloudys light W.
1 5 56  purt cloudys fresh We
43
25 % 52
%
7 ©
7% 46
47 4
64 4
54 5
1] 54
54 4 5
i 5 5;
6 4€ 5
Oct. % [ ke
4 & 6
6 5 5
0 38 44 Lt W.
66 I 54  Clears misty touuy: light W
85 28 60  Cloudys light Wi heavy rain
e 8y
0 50 50 Brights Iresh NW
51 a7 47  Ccloudys light &
68 40 40  Clear: light W
45 zs 49  Brights light W
60 Cloudys light fresh w
£ 14 to 15 ¢

Clears 1ight W
so u u Clears still



bate Iize
Oct. 17  6.00 p.a.
18 6.00 pem.
19 9,00 &.m.
6.00 pom.
2L 11.00 a.m.
&5 11,00 s.m.
24 9,00 a.m.
£ .30 a.m.
2

Nov.

8,
8.
9.
0.

20
50
00
00
00
00 a.a.
00
00
00
00

-

Eef ees

®
o
8

o
1£.00 Noon

gt uueLk

58 55k & g

& £REERS ¥BEE BEES

=98 -

8

258 885 &

BR BEEEED 8815 8hHsR

8F THEBEEE CEES BUER ¥4 855 § §

Yeather
part cloudy: fresh E.

Brights fresh NW

purt cloudy
Last night the heaviest
Taln of seuson begani still
going on.
Cloudys iresh W (rained all
yastarday

oudyl fresh NWs 4" snow
yesterday.
Clears light ¥

Wty u.m.

He
W

v
ales cloudy withrain
port cloudys light W.

ary lgi
Glewrs light W. (light snow
last night,

bert cloudys Light :o fresh NW
part cloudys light
pert eloudys rein ynnr

udy. fresh W,
(saow y-es nuy ‘morning)
gert cloudys still
Cloudys fresh k.

g3
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