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iearing eyster spat protectod from starfish.

Report on wark durine 193s. feilalle Haeadler.

Sgope and a%lge ance. In this mport arc dosoribed

- 80me experiments in rearin; oyswr spat on trays, in hoxes or in
protected cuolomu whioh were initiated in 1933 chiefly as an
attack on the starfish nroblem. losses csused LY sturfish from

the ti:e of plemting @pnt until oy resch a length of it or 2
inches are the most so:ious cbmmqh to profitable oystor farming.
Although rrofiteble yields have beon obtained by plunting spat on
beds from mn;h atarrlah hed beon mopped even in the best casos the
loss wus large. In some cases almost all tho spat wore killed, in
many over 90% werw killed and ¢ suirvival of 205 wuld be considared
2004 and would as:we n profitable ¥ield. The ocolleotion of spat
hes mot with good sucocess each year sinoe the work was commenced nt
the head of Bideford river in 19& and mortality of the oysters has
evarythor beem low aftor a nize or 1% inches has be:n remchos. :o
that the starfish problem is one of the mont important Meing us.

In another roport slrwady sudmitted by the writer this
year ("itarfish and “ystors™) an aoonunt is given of exper Ment- and
investizasions attnoking the pmblm inclufing improvement of methods
for eatiching stars 14, study of the distribution mé life hintory of
staifTish and study of the siznr 2f atacfich whioh oan attack aysters
of various sizes. The latter o rivients showed thet oysters could
usually resist succossfuil: the nttnoks of starfish 1f two-thirds ag
long as the "dimmeter” of the starfish, m¢ $¢ was found that the
very groat majority of our starfish w.ores too amaull O sttack succensfully

oyatersoli to 2 inchos long. i1 confirms our provisue sbservations
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that the mortality of oysters was low after reaching that size
and our explanation of the losses as caused by otarfish.

In this mport an ascoount is glven of another attack
on the problem - an attempt to Year the spet out of resch of the
starfish %o the siz at whidh they arc rolatively safe. The attempt
introduces fmedintely = number of other problems = factors influ-
encing growth and survival, designing ocheap Pprarats, crovding and
‘clustering cnd sheape - nnd offers Promects of s mriber of beneficial
‘Tesults in addision to protection from starfish = e.g. prevention of
' smsothering, production of single oysters, more remid growth ete. The
experi cants &aring 1933 serve only to introduce the mbject and ex-
tensions-are plamed during 1934.

The experimonts were earrisd on at or near the 'rince

Edward Isl snd ‘arine Station at tho heed Hf 3ideford river. “any

‘ of the statoments made above aprly only to the lialpeque bay or similar
areas as in other areas, #f course, other wroblems are often =mueh
more sorious than the starfish problom - e.z. spat colleetion, losses
from drills otc.

dources of spat. !ethods of spat collection are relsted to
the problems of mwaring spet. The sput used in the \cxpormantc in
1933 were colleoted on cenmont-coated cardboard "ega=crate filler”
spat ocollestors in 1932. These ool).eotari allow sasy separation of
the individual spat whioch 1s, of course, an advantage in the rearing
of singls oysters. In previous roorts on mpat colleection 1% has
Yeon polnted out that when large pleoes of these oollectors ware
planted on the oyster grounds crowding mnd elustoring resulted which
wars practically as bad as with shell culteh and that they offered
11ttle advantage over the latter., on ®e other hand the singled spat

*rel.ativoly clean bottons ot hored
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easily snd heavy losses oococwrred. Thus $o make the cement-coated

cardboard colleotors worth vhile speciel methods of rsaring the spat

are neccasary, ond the reaving of gat on trays etc. in addition to
its other advantages would bring into usefulness another kind of
"gulteéh” o mpplement the shell culteh which has been hitherto the
chief satisfuctory material for spat collection.

It 1s plmned to extond the experiments %o include sone
trials with spat on shelle as it magy bo found that the rearing
mothods wuld be benaficial for them es well as for the singled sput
from the cardboard coliectars, although spocial problems of sepsrat-
ing the spst would arise. ‘hells, *hen availsble, sre more satis-
factory tha the cardboard collectors in s number of vways depending
chiefly on the more fragile nature of the latSer, :nd riny be =~ Letter
"oulteh” matorial when apat are to be reared on trays ete. as woll as
when the spat are plmted directly on the beds.

Holding spat over the winwr Our waters aere fpezen over
for sbout HHur months and oysters do not grow for sbout six. The

holding of the spat during this rosson when no growth ocours offers
a special problem. Ihe requirenente for s me thod of holding thenm
include: choanness, convenienve, suffid mt circulstion to rrevont
gwothering and e method of placing the oontainers on harc bottom
devper than the bosiom of the lee aud of recovering theam in the
spring. .8 1t has besn found by seweral investigaior: that oysters
remain slnost eontinuously elosed during the winter (oa.0°C) it vas
thought that it would be possible ® hold them in bull piled fairly
deeply. This has Mn found W Lo the case.

Over the winter of 1958-33 spat vere held in Srays nbout

g x 3* made of 4" mesh galvanized wire clowh supporte’ by copper

painted hardwsoed strips 2" x 17 in or®s-seetion. Two of these travs,




which wers originally made for rearing the spat, were tied together
face to face 'hnving @ mpao sbout 47 deep. In esch of two trays
ab;ut N.OOO@pet were placed piled 2" to 3" deep. The spat were
mostly 1 am. o 25 om. in length md rmeny hed & small plece of
the cardboard coliectur auttuchied. :‘ho trays were pl_géaa on & hard
b_od sufficlently far elovw %e surfuc % escape the loe. The
strips supporting e netting of whidh the trays werc made supported
them off the bottom slightly o wat eirculation was nossible from
below as well as from sbove.. qmn epat were kept in the trays until
the end of day and at thet time between 5% end 10% wers found to be
dead. - higher propartion of the smaller werc desd than of the
larger. 1% is to e woted that & certain small proporiion of the
spat wer: doubiless dead when placed 1in the trays in 1932 and it

1s safe to esiluate the mortality dur ing the winter at about bHi.

To test the effects of holding the spat in bulk st the
higher tanperatures which wore mached after the end of ‘lay, a small
box.of the 3" wire cloth 6" x 56" x 5" was filled with c put and sus=-
pended from 4 floset on Jume 2nd. Iy July 1lth no mortality had
occurred, those on the cutslde were graving well and those inside nos
at =ll. ome si1l% hnd settled swong he spul whieh must linve reduced
the cireulasion gresily. The abmnes of nmortality in this case shows
that in hold ing rpat aml- e winter pilled some inches deep thare is
no need to sproad t.ho spat &n traw immediantely to avoid mortalisy,
l1.0. that there is plenty of Wme ®© wrunge the trays and put out
the spat even allowing for bed weather end large sumsnti tlios to be
hsndled.

dpat put-out in the autumn of 1933 were placed m‘ni-pler
containers made for the purpose. . rectangulsr frame of 2 x 4 spruce
on edge was made, the wire cloth for the boitom nai led ddrectly to
1t and wrotected by woden swripe, mad s sinple cover made ¥l th wire
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eloth and strips. or use in the Winter copper-peinting is nos
necessary and unplaned lLuber is sauaraaﬁ’ry, a8 the larvae of
Teredo setile only in the summaer. Thus one of the chief sources.
of danger end expense is shsent in winter. “he containers used in
1933 were fillad cnpletaly end Leld about 22,000 spat each of an
average length of 2 on. 7he cost of the materials in these con-
tainers (inside dimensions 20" x 30" x 4") was about 56 cents
(7 f£t. 2x4 spruce at .02, 6 89, ft. wire cloth et .06, and nails etec.).

- Detuils of rearing experiments. The experl ents were ruther
ocrude sttompts along whet appeared to be promising lines. They do,
however, indicate a number of fectors influenocing she growth and sur-
vival and theoir asction, aad in u number of instances met with don-
sidersble miccess. They serve as preliminary trials on which to base
more intelligently plemned experiments. The methods included (1) en-
closure on firm shore at low tide, (2) lerge open floating tray, (8)
trays suspended from floats and (4) shelved boxes of wire eloth
suspended from flosts.

The spat used in the trisl o were obtained from cardboard
collectors in 1932 end leld over the winter as roported atove. The
size varied between extrames of sbout 0.5 end 3.0 om. wlth most be-
tween 1.0 and 2.5 and aversge and mode about 1.75 cm. Samples set
aside for messWwenent ware unfortund «ly left at the :’rfnn :.dwcrd
Island “arine 5tation and the sice mﬁumoiu cannot now be presented
in' detell, but the wdove will serve ®© indioate the original size
which was epproximately the same in all the trials.

i on fim shore ab low tide level. .in area
8'x28' wes scleocted on fimm gravel-mud shore in the cove just west of
the P.El.l.le3. at the level of an ordinery low tide. It waes surroun-
@ed on three sides LY small stakes plscad asbout 2® apart to whieh wire

eloth was attuched making s offeetive darrier keeping out starfish,



Fig. 1. Unclosure for rearing spat. Bideford river, 1933.

The aiclosure was prepared on June 2nd and 3rd and 4,500 spat were
planted in 1t on June 5th there lning an area of ebout 1f squere
inches per spat. . starm from the HE piled many of the spat inso
the inner westarn ocorner of the emelosure on June 26th but apparently
few escaped from the enclosure, the foroce of the waves being brokem
by the spruce trees which had been snchored as reak-waters. By
J’nlﬁr 9th there had been litile or mo mortality, considersble growth
and a growth of slgne (largaoly green) without as yet sn ascoumulation
of sllt. On Aug. 9th silt was acounulating among the nggao, the
growth sppeared to haw sluckened sad & conal dersble provortioh of
the spat were dying. . ﬁmlo was meaguwred and a cocond sample on
Auge 318t showed little groeth in the intarval snd an increased
mOrtality. 3y iug. “"lst alout 3" of soft silt had scoumulasted., On
Septe. Ll the spat ware rumovel, 22810 being recovered slive sad
between 1,000 and 1,500 dead (lurgely s seperate valves). The
shape was very poor as compared with that of the spat reared on
floats = being oroo ed, long and 't.hs.n relatively. . few noasurorents
indicate this: in inches 2fxl 1-8, 1lixld, 1lixd, lixl, 1#x1, 2x13,
x13, 1ix1d, 28x1, 1ix7-9, 1ix7-8. iversge length (width =1.65

{11 indiv.). lnnge 1.2 to £ .06,
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Table l. Spat rearved in enclomure on shore.,

When
planted, August 2, sugust 81. Sept. 30.
Length (") Hunbe> Hunbaer liumber Hunber
, 1 4 0
| % 3 3 1
1 a4 1 .
1 33 25 13
1 36 a7 13
: 13 22 27
2 1 10 8
§§ 0 4 4
o 0 2
2 0 0 0
3 0 0 O
AV. m ca. .75 1-35 1.46 1.63
Rumber weighed  ———we 34 50

o FP62 + ETF Mnspsntanas ' amesen 4.8 Oe

e

These shapes vary a gveas deal md sone are extremsly long and nerrow.
The mm‘.‘. resultis of this expe riment nre nos as satisfactory

F 3

as in many cases of rearing on flosts. The spat wero not erowded more
M on floats (rot nearly es uchs s in some caBos) as rogards the
area per spai, but the ol reuletion waa probably much noorer. This is
indicated by the agcumulation of very o fi fine #11¢% which was appar-
ently responsible for most of the mritelity end voor shape, and possibly
in pert at least for the poor growth. on neighbouring unsheltered

shore no eilt acocunulated end the s&nat 20curring thesre natwrally were

of exeallent shape and somevhet gros ter awrage size.

I hed imegined, as & poscible dovelopmont, the use of a
stretoh of shiore protocted from 80V 10 wave aection by anchored trecs.
It may be mmue W arrsnge a scecond e:xperiment in which more cirou-
lation is pamitted wi o allowing mrfriciently sevire wave action
%0 remows or destroy the #pGle On the wiole, hcmws;r, the resulss of
this trial aro much less emowasing then those on floats, with pDOGTer
shape and growth, and a loss of about 504,
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2. large floating Sray. 4 tray 15' x 4' was made with 4x6

spuon on edge sulong the sides snd 2x0 spruce on edge across the nnés.
The floor of the tray waes nade of galvenized wire cloth neiled to the
frame and swported underneath by 2"x1" swips from side w side of
the tray. sll the wood was copper-painted after a priming coat of
white lead paint. The Sray whel placed in. the water with small spat

: - a% the beginning of the scamn floeted with nbo'm‘ 3" of the stringers
out of water and groaduslly senk until they were almost covered st the
end of the season. The tray was anchored in e very sheltomled situa-
tion in MoXinnon's oreek at the head of Hideford river and a bundle
of brush was t1ed %o the line by whilch 1t was anchored, %o form &
breskewater.

The tray was prepersd on June 6th and 15,000 spet placed in
it. The inelde area of the tray was about 7,500 square inches end
there was about one half of a square inch per spst. Growth, hownver,
was at firsi failrly ra>id and %here was an extremely low morteulity.
Green filamentous algse grew lLwurisntly in the tray sand large
cuantitios wore removed on July 11th and suge. 30th. The spat over-
lapped one another almost froi the leginning end by Aug. 350th were
piled sbout 8" desp. Few, however, were grown to one another and the
mortality remained low,

13,800 were recovered gl ive from the tray and esbout 1,100
(les= than 10%) dead, a fow being loss. The percentage grow $0 one
another was sbout 5% the remainder being single. The sha;iq. although
much better than that of spat from the enclosure on shore, was on the
avarage poorer then bhest obtained in the experiments which follow. |
Hoasurerpnt s in, inches (sample tskem ‘‘ov. 6th):
1e3 x 1.1, 1.6 x 1.1, 1.8 X 1.2, 1.8 x 1.3, 2.1 x 1.3, 1.9 x 1.3,
1e0 X 12, 2ol X 1B, 1.7 x 1.3, 2.4 x 1.4, 1.4 d 0.8, 1.6 x 0.9,

1.8 x 1.1, 2.0 x 1.4, 2.0 x 1.8, 2.1 x 1.2, 1.3 x 1.1, 1.0 x 1.2,
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2.0 X led, Ze6 X 1o3, 1.8 x 1.4, 1.9 X 1.3, 2.2 X 1.3, 1.7 x 1.5,
1ol X 0.6, 1.6 X 1o3y 1o9 X 1.5, L3 ¥ 1od, 1.2 X 0.6, 2.3 x 1.8,
149 X 17, 20 ¥ 1o2, 1.9 x 1o2 1.7 x 1.1, 1.7 x 1.2, 1.9 x 1.1,
1.8 x 1.0, 2.4

X led, led x 1.3, 1.5 x 130, 1.0 x 1.0, 1.6 x 1.3,
1e€ x 1ol, 1.5 X 1o1, 1.7 x 1.2, 1.7 x 1.1, 0.8 x .5, 1.6 x 1.1,
1.6 x 1.2, 1.8 x 1.1, 1ed x 1.0, 1a3 ¥ 1.0, 2.0 X 1.3, 1.2 x 1.3,
lel X 0.8, 1.2 X 0.8, 2.6 x 1.6, 1.3 X 1.0, 1.0 x 0.7, 2.2 x 1.5,
1.8 x 1.2, 1.5 x 1.2, 1.5 x 1.1, 1.1 ¥ 0.9, 1.3 x 1.0, 1.8 x 1.3,
1.6 2 1.2, 1.2 X 0.9, 2.0 x 1.1, 1.3 X 1.0, 1.4 x 0.7, 1.8 x 1.0,
1.7 x 1.1, 1.3 X 1.2, 1.8 x 1.0, 1.4 X 1.4, 1.2 x 0.8, 1.0 x 0.7,
2.0 x 1.5, 1.9 % 1.4, 1.7 x 1l.2. Aiverage Leagth < width = 1.49.

(81 indiv.) Range 1.0 t0 2.0.

Table 2. Growth 61' spat on large floating tray.
dhen planted Awust 30 Qosober 17 liovember 6

Length (") .
1 5 i 19
’ 13 3 48
1 16 21 a3
) § 21 13 88
2 a9 17 a7
2 16 11 10
8 4 e
a8 F o 3 e ————
No. moasured 1 204 444
Av. longth , ca. 0.75 1.84 1.01 1.59
Av. welght (ga) 6e7 10,7 7.5
lo, weighed 38 70 80

The above tseble shows a decrease in the average length of
spat in semples taken Auge. 30th to November 6%h. “he £irst sample
wae spparently not representstive a8 ny notes alivw that of 1,000
taken on et date snd srsmsferred to floats onlyR2B% were 2" long
or longer, a3 compared with over 505 in the semple in the tuble., lo

growth oecurred between Oct. 17Uk and HOV. 6th as ihe teurerature was

spproaching the lover limit at which fesding oecurs. The Hov. Bth
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sanple m taken beocause 1t was misywoted thms She Oet. 17th sample
m not rrmnmutatlm. The aeverese for she wholo "Tobably lies
betmn the two.

The cost of the tray may be uttnatad as follows: wood of
frame - gs. 100 rt. at 2.50, wire cloth - &0 8. ft. at 06 = 3.60,
nails, labour and oconrer jaint ca. 2.00. Total orxglnnl cost about
8400, The trays would rrobably last for three years, witn renaing-
ing, -u the amual cost of the Sray would be sbout 4.00 of which
nearly halr ni;ht be labowr. This is w 008t of cas <30 per 1,000
oysters if the nuwber reared is about 15,000, :im this is aprarently
too \Mm & number the cost, for best results, would probably be .40
or <850 per 1,000,

| To mimmarise the resulss with the large flonting tray.. It

was found %o rear 13,800 vysters to = average length of gloee to
1" with a BOrtality of ebout 10% and the rProduction of a ressonably
2004 ~ though not the best - shape. Only 6% were grown %o one anothes
The tray was moored in o yery sheltored rlece and very little trouble
was 1nfnlvad in looking after it. The oysters were apparently not
overcrowded early in the season bui became very much so later - as is
indicated by the small amount of growth after the end of August,
Possibly one of the hindrances t0 growth was the atrong growth of
algae in the tray.

1t is plenned %o extend the experiments with trays of this
type. By covering the trays the effoet of exclusion of light and
prevantion of algel growth wili be studled and at the sane time more
exposed situations cen be used withous dengor of loss. In addision
0 Wils 1% is planned to ry various tOncemrations, the effects of
thinning part way thiwugh the searon, the varistions in growth end
shape in A fPeront of L tlons ese.
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3. Irays suspended from flcats., . number of trays oa.

2% x 3' made of wire oloth swpported by copper-painted hardwood
strips (1"x2") were suspended from & float similar to those designed
for spat colliection. The floats are described and figured in Hote
#28, rrogress Reports, Atlantic slologicul Station. The inside
di:r‘:ennloai of the trays were 22" by 34" - an area of asbout 744 sq.
inches. The si des were formnd by 2°x1" wooden strips on edge,

The suspension of treys from floats offers some prectical
difficulty. The method employed uas Lriefly ss follows: For esach
set of srays four hoavy (40 lb. t) conorete weights were saspended
by heavy galvanized wire (4#9) (the "brace wire" fonces) spaved so
that they passed the onde of the trays cluse % the sides. The trays,
provided with wirea to the corpers which ocould be hooked with a boat-
hook, were attached to the large wires with amall wire loops and
allowed to slide down. The Ways wore veighted with bricks to meke
them sigk and each tray restod on two pileces of ‘moden strips nalled
on edge on the top of the tray bemsth. This method was foun@ to be
~umbersome but it is 4dirfficult to design a method of suspending a

1cm number of trays one stove the othar, ;

Two such saries of trays wer- susponded from one of the "
two~puncheon floets. In each the lowest tray was about 8 foet below
the surface, and six trays were spaced evenly between uhnv-depth
and e depth of about 3 feet. Treys wars not placed nearer the surfuce
as they would ther have been in sleci watar csused by the puncheons
and the wire bags of shaells whiioch were hung sbous the float to make
it more stable. |

Unfortunately s heavy storm on Oet. 29%h, & Tter romoving
many of the bags of shells esused he float to overtuwrn and the 1oss
of much of the ” material Jusi bedfore tle fimel exa inastion. The

data are, tlerefare, sonehnt limited,
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In one eerics the trys wero open wnd in the other they
wvere covered by a second similar treay fastened upside dowm over each.
_Let us first consider the open truys.
8ix open truys waro put out on June H%h o 9Lk eamch uigh
960 spat, leaving Jues over " sy. in. per snat.
3 Table 3. gpe x;aursxi on uppernost open $ray.

den plented Aug. 4%h ue. 318t Sept. 29th

Lenghh( ")
2 1 (Y 0
1 6 e 16
1: 17 20 30
1 , 16 42 a9
; 7 2% 116
2 8 17 105
: 1 3 22
0 1 9
2 0 0 0
3 0 0 0
Humber measurod 56 123 388
Av., Length G075 1.47 1.55 1.74
No. welighed : 51
Av. welight (gm.) 749

The growth of the spat in the uppermust open tray ie in-
dicated by the deta in Table 3. :n aversge length of 1¢ inoches was
reached - slightly higher hien in the lsrge floating tray. The shape
wae gxcaellent and the welght at tle end of Ses tamber was high. Ho
‘olustering occuwrred snd mortality was only about B

The uprernost Way was exmiined much more often thun the
lover trays as it Vus uecussury o remove the upper treys W get at
the lower. Therw was uled wne thinning in the uppermout - suaplos
preserved ete. The lover $rays saro all elosely similar and in
genersl 1t may be stalsd that the ghowth was groeater, the shape
poorer and the clustering worse (sbout 9 grown to one another). The
moPtallty was about 5.

After the storm on Oot. 20th, 1960 living snd 125 dead
spat were recovered which had been dumped out of the lower open travs,

Tongs speelally prepared to catch small material by weaving wires




between the teoth were used. But it must be realized that the spat

recovered were probebly larger on the average than the spat as e
whole on the lower Wrsys. They are of some interest, however.

Table 4. Spat from lower open truys on float, recoverad after storm.
w Lopr
3 10
30

56
. 96
36
120
bAd
g: - Average length 2,21"
4]
O
1

The average wight was 16.8 gn. The largest ®as 4"x1I"x1l". The

2T

#,

epgeenREs

shape was poor and thersc was a considerable smount of olustering.
Turning now %o the double or covered trays, they were put

out at the cndp,f sday (27%h to 3 st) with the seme nuumbor of spat

in esch a8 in the opon tmys; iien exanined on July lith the upper—
most tray showed no morialisty, not uch al@‘s and 8" as the maximum
size of the sput. ‘hen recovered after the storm of Jot. 29%h the
_ordar of the truys could not% be distvinguished ae they had broken

loose. The $hres recovered wers, however, siniler in eveiy way in-
dieating little or no effect of depth on the growth. 6.0% of the

2966 spat in the three trays were desd, end of the living B4 8} wore
‘alusterad the vomsinder Leling Angle. in shepe and proporsion

olue torad thes were indistinguishable from those recovered alfter
dumping £rom the lower open trays. The shapes ere indicated by

the following meamuremants: 20 X 1.3, 2.9 X 10, Db X Ba8, 2.0 % 1.4,
3.0 % 1.6, 5.5 X 2a0, 2e3 X 13, 5.0 X 1u3, 1.8 x 1.5, 2.2 x 1.6, 2.0 x

1e0, 2¢2 X laf, 3.0 X 2.0, 248 x 1.5, 3.0 x 1.5, 2.0 x 1.5, 2.7 % 1.9,

E.& X 1.?’ loﬁ x G-?, 10‘ X 1.0. g.l x 108’ 2.5 x 1.4’ 3.“': 1.6. fﬁnsx
1.3’ Z«7 x ln‘&. 2.7 X% 1-6‘ Ze8 X 1‘?, 20 X% 1.9, Zed X 2.8' 1.8 x 1o4._:
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1e9 X 1ed, 3.0 X 1o8, 246 X 1o, 2.7 X 1o3, 26 X 18, 2.0 X 1.3,
1.7 X 1e3y 17 x 12, lad X 1.0, 1.0 X 1.0, 1.3 X l.0. Average
length~width 0. (41 indiv.).

Table 5. Length of spat from double trays.

Lengsh () Nunber

1 s

& u
1 22
1 19
2z 20
2z 14
n»é 23
2% 1n
3 18

: 4
5 s
3a 1l
4 2

The teble shows the length froquencies. The aversge weight of 40
was 15.9 gm. '

¥hen allowing for some influence of selection by the tongs
the spat from the covered trays end from the lower open trays are
very similar indeed. The fmer beins somevhat longer but the latter
slightly heavier for their longth. o may sumsarizeo thoso treys as
produsing the largest growth of sny of the experiments both in length
and weight, but »0or shaps (L~iml.7) and some clustoring (ea. 64),
The mortality was low, The sha'e was inferior ®© any of the others
exenpt Woss in the anolosuwre on the shore. “his i3 contracteff with
the excellent shape in the uppemost open tray. The latter was
handled very of ten whernas the lowsr open trays and the covered
trays ware harily handled at alle

Although the wrays smé;zenéeﬁ from the floats were shown
to be capeble of producing mwod growth end shane, the method is not
very promising from & nruetical aeint of view. The suspension is

cumbersome and ©3 few trays can Le suspended from a flost thet it

becomes e mnslve. The chesper open trays =ust be ruled out owing

DR | R SRy
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to danger of loms. Tieso difficulties must be uvercome If ithis
general sohome is %0 be madc 88 g od ni tle large floating tray or
as the shelved wire-cl th boxes which followd

4. Shelved boxes of wire cloth. /. box of 2" ganlvaniued
wire cloth was made 6" x 12" x 24" (the ¢imensions being ﬁawrmﬁoc}
largely by the mize of the nioose of closh) and suspended on end with
five horizontal parsitions or rhelves 2kKing four comnartments e bout
3" high at the bottom and tvo gmm €7 deup at e top. Int these
wero counted (from bottom to top) 150, 250, 350, 450, 550, 650 spat
resvastively. They were put owt on tho float June 16, and on July
11th, had grown well but none of the oonmpar tments wers yet full. The
box was hung with tho top about 2' bel.w Wie miriace and fow algue
or liuud.a settled on 1%,

On iug. nd aout one hell o the spat fr m each compart-
ment were transferred to the oorrespond ing compartment in snother box
similar in every way exoops thet it war divided into s1x equal ocom-
partments about 8" x 11" x 4-, .

Table 6. Thimning of spat in shelved box.

Gomp't  Irensforred w mew left in old  Dead lLost

Botvom A 75 71 4 ~—
B 128 86 16 F
¢ 176 178 2% 30 extra
D 229 1683 a5 2 extra
B 275 R34 21 20
r 328 260 55 10

It can bn soen that some wers lost or rode their vay from one com-
virhm,_t $0 amother. Thomwe would be small encugzh to fell shrough
the meshos and must eithor wve df od som after susting out the box
or have fallen through then. It in inifcatod, however, that there
wae a mmaller loss or mortality in the botton comoe tment (sbout 5)
and mare in the upper compertmen ts {up to sbous 10%).
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Table 7. sizes of apas in shel wd boxes, ius. 2nd.

: artmsntu.
Size (" A_(new) g (0ld) b {new) D (ol14) i (new) Z _(old)
 + - - 1l ] - 1
7-8 1 - 1l 2 1 6
1 2 1 3 3 1 5
1l1-8 p § 4 2 3 2 5
13 - ) § 7 6 ] 10
1l 3-8 1 S 8 10 3 8
1% 4 2 4 .10 5 4
1 5-8 7 3 3 3 5 1
12 3 o 2 8 8 1
2 7-8 ) S 1 i 2 2
2 o 1l 1 - 4 -—
AVe :‘“ . 1.& 105‘ 1‘56 1081 1:55 1034

Tdble 7 gives o il 208 of samples of spat easui od. It
shows a tendency to seloet the larger spat in transforring to the
Dew b.x, but it al® indicatos that the spat in the lowest compurt-
ment grow best, in the "D" compartment least ad better in "y7, ruv
had more spet but wes twice as large. “I" was actually bulidng and
none of thae other conpertments had much reom left. ¥ough observa-
tioninﬁlcatmi a gradetion rmm A" %0 "D” (and smaller spet in "7
than in "1I"??).

Table 8. Lengths of spat in shelved box, iug. Slst.

uﬂwmm‘c

stae 4 (new D_(new)
toz
1 3 27
; 10 40
1 17 40
20 36
2 17 25
23 & 4

AV. 1Lgte. 1.09 _ 1

t‘
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Table 9. Spat reared in @ielved box, liov. 9.
bwmm.

ie Be Go _Da B, ¥
Auu 75 128 168 218 259 304
Dead i 0 4 11 3 11
Aver .
wolght (gm) 14.1 13.2 10.9 9.9 7.7 9.4
Length. |
i —-— 1 - 2 4 2
1 1 1 4 3 9 10
13 8 9 8 1 1 12
1] 19 12 15 13 13 21
13 21 19 13 19 16 15
2 15 19 13 16 11 19
2 6 6 5 3 3 6

3 6 7 2 3 4
2 -— 2 -— 1 1 1
AV. Igte (") L.74 1.77 1.7 1.70 1.61 1.66

Tables 8 and 9 show the growth of the spat treaneferred to
She new box. It shows that She lowest threo wmmnartmen ts nro duoed
spat of sinilar lencths, et the leng ths decromned to I and T and
inersased agnin slightly o F. The average welight of the spat showed
@ steady docrcase from A to T am a slight inoroase again to ¥. Fy
although with moro spat than s has the advantarse of another uncovered
sife from whiech to got clroviasion. The shape of uJ.l the epat was
good. In the fuller compurtmentgs 1% We evident timt the spat in
the centre hsed 5"y Jeasi.

T™he abow mmli:va, t hough gomewhat orwe, shov thut {here
are prectiocal scompeois $0 such @ method. The mortality was lov, the
shape produced was Pod e the growsh falr 1 @ood. The »pthod will
be used in further expe 4monts in 1934 vhich W11) inelude compari son
of effects of erowding independentl v of depth, end of depth indepen-
dently of erowding, the effects of handling ena Jurring in regard to

the farmation of clus gers and othe r minor voinss.
The boxes as construeted in 1953 rogquire sbout 11 sq. rt.

of wire cloth (at .06 66 cente) and & considersble smuni of iabour,
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Supposing 125 spat to the compertmmt or 760 ® the whole this
romwessnie a 008t of 0.80 per 1,000 for maserials =lone and not
inolading a meuns of mm&mlo!t, This indleates that the cost of
this method without modifications is ¢ouble that of the lerge lloate
ing m:r. A numabar of laprowmnts are, !mavar,/ possible. It was
found that the wearing quality depends to a large extent on avolding
racking e wire oloth. Bendimg coracke the galvanized surface and
permite rating. It was found %:at the wime suspending the boxes
should sneirole them woven into the st des, Inatead of pussing through
- only the upner co¥ners.

Ganeral 61 souss lon. Aftor the ou tiine of each experirent
glven abive 1t may Do worth whilo % meke what generalizations sre
Mbh’. Or ratler to disciss varioue nroblems snd rosults in the
1ight of all the experiments combined. 4t this early stage this is
& mattar of sketohing the nroblems and putting forwvard questions or
suggasted explanations, not one of summarizing results.

Growth. . great varistion in the sizoe attained by the spat at the
and of tholr second sumeer (15 months old) was found, - both in the
average sizes attained in the differamt sxparimsnts mma in the sizes
of the individuals within each experinent. The latter was alwave very
large = e.g. " to 21" in giel ved box, 1 " to 4" in covared travs

sug pended from the floas. In fact e minimum slze alwym approsched
the mexiua ol zo 0f the spat planted and we can gay that there were
alvays some wiioh grow very little and sme which died wi thout
growing at sll. "his migrests thet come wore always in w:ry poor
situations for growth - often tiao uch ovearerowding. It seems sassibh
also that mne were weakly or injured by the spring snd would not

have grown or lived in the best oond itions. : whole series of prob-
leme are raised in this conneotion. ihat ssusen the individusl varis-

tions and ¢an they be avoided or, ratler, reduced LY almmmg{ the
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arrangement of the spat or trays, by thinning ete.? Frog the pi'ae-
tieal »oint of view this is very fmportant end the reletion be tween
the iaeresscd cost ( -ossible smaller number of spat per contsiner)
and inorcased grosth is of interest in deciding whet altoration of
method pays. le observetions hitherso mggest that in many ine
u’tanqcn 8put Lave bsen orowdad to such a degres that some have been
unable to W more then & very litile, and that erowdins would Le
Profitably reduced until thee- extreme conditions were oli .insted as
such mpat are just £o much extra trouble wifh no profit. Sxperirents
on crowding aud it: effects are planed for rext seasmon t9 sunplement
the prelicminary experiments with the sie lved boxes (p. 16) in which
overerowding vas indiceted a8 a feotor in the reduetion of growth,
Fosltion in the confalner = such es in sheltered eorners = sle HpPOars
t0 play a part in the individuel varie tion superizposed on the effect
of orowding. Tt is ax;nc:ua thet nore deéaueé ohmarvatiams in this
Tegard will lead %o slteration in the derign of the tmy&, bixes oto.
The avernie nizos atuined by anat reared mar be swrerirzed

as follows:

(Velameth (“) Lv. W

Enclosure on shorae. . . V. POOYr shepe.
larpe Tloating tray ca. 1.6 og. 8, @004 shapo.
Uppemaost open tray 1.74 ? V. go0d shape,
Lower open,end coverod tEays. e6. L.& ea.16. poor shape.
least crowded 1.74 14,0 good shape.

“"Poor snape” mowns long, tidn or swisted. It is slvaye aoccompanied
by low welght in reletion to length.

Cromding 1s indlceted es one of the chisf fectors influeno-
ing the avernge us well as the individuml growth., It is the chief
varient in the wire-cloth shelved boxes. The effects of crowding are
more evident in the aversge welgits then in the average lengths owing

to its inflwnoo on shape. With the exceniion of the enclosurs on the
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siore in whioh siltiness and mmothering ployed e rart, the sverage
size ettelned is roughly in w” rrerortior % the erowding -
the leanat cromded being the tram suspended from the floats and the
most orowded being e large floating trays and the more orowded
shelves 1n the wire boxes. Crowding is, of couwrse, related to eire
onlation and »robsbly is effective through reducing the ciroulstion
and, oconssquently, the Dod mpprly. In the large flosting ray olr-
culation was nos:sible only from telow througk the wire and growsh nay
be inereased by opening the ends % eirculetion, or b;r chanzing the
situetion of the tray to places wieh s stronger ourrent. Sxperiments
are planned to sty Influwence of eravding mnd of strength of current.

The expe riments @ not give reliable infication of the in-
nm. af dopth on the growth. Hear the mi'taoa algne grow luxuri-
ently and tend %o reduce the circulasion, while below s denth of about

2 fest te growth is neligible from that polnt of view (w obebly
-owing W reduction of light). In the large floating $rey the aslgal

growth was very vronounced and, it is believed, grestlr reduced the
eirculation. It is proposed to try excluding the light. Chenges in
depth are alec probably correlsted with chenges in the quanstity of
food and in this respect very dif feremt in 41 fferent situstions. The
depth alm influences the smount of light, of which the direct €ffocts
are not et indicated, )

The influence of the foouds supply, as ;uy.bu saen, entere
into orowding, eirculation, depth end situstion in the iniet; snd
progress in the study of ull these {astors needs £irst of sll obser-
vasions on the food eupply end its correlasion with grow th, and, if
=eeibaa, nocssible, experirents en the effects of altering the food,
One of ths chief funfwmental gquwsions ic whai is the degree and
nature of the influenee of the food supply om growth and fetness,
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The iuflumoe of temveratite end eel inity on growth are
not evident from our results i therto in the rearing of spat. Other
studies hmve indiceted thet areas of high teuperature (usually asso-
clated with low salinity snd low airyents) are favoursble to renid
growsh, and this probebly evplies © the rearing of #rat. Our ex-
perinents in 1930 heve not sen sufflcient to 1 mmanoeinte tempera-
tare or salinity from other foctars. |

“nough has been suid to indiocate the comnlerxity of the ocom
ditions end som lines of attuock. As Fegards the exisriments as a
wihole it is wrth mentioning that, except for the sneclosure on the
shore, the growtih appeared to be well above the everage cecurring in
nature when spat are growing on the bottom, If increesed by furthey
improvements 1t will probubly Le more then doudbie the latter. This
is in itzalf & valuable re<uls, in sddi fon to the reduction in more
tality wvhich was the chief objoet in developing these rearing methods.
furvival. The gwrvival wer sverywhere zoof and even in the enclosure
on the alore the lose (sbout 50%) was below the aversge obtained when
gpat are spread on beds even after an efiort has been made o yemove
the stariish by mopping. In the other experiments the mortality was
about 105 or less, and, as lme eem suggontedé above, may be consider-
ably meduced by avolding overcrowding

Starfish settle on the trays early in the summer but do not
reach a large smsugh siZe (o stteck the spat being reared al though they
are juite large enough % atiuci the spet of the current mar. The
avoidance of destruction by sterfish iz nrobsbly the éhief factor in
the mc}!wtian of e mortulity. The high nruwcitiosn of the spat
ruseing « length of 13" offers good prospects of svolding the starfish
nroblen by & single mar's resring.

Jhspe and clustering. The overorowding is indicated ss the chief

faotor producing poor shspe and clustering. In the anclosure on the
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shore siltiness was widenuy the chief cause of the very poor shape,
but in the flesting experisents ovorumdmg is indieated. In in-
Stances In which the expsrimental trays were not M aturbed all sesson
abous B% of tho oret greov © other 8pat - often to a demree emking 1t
impossible to moverete them without killing one. On the other hand
when the spat rvrare frequently hendied practically none of this ovourred
even in the extrome orowding in the shelved boves. Tt secms that
shsking wﬁ-rsha the spat again in the #arly mtages of the clustering,
iven 5 15 a mmall proportion in elus ters &nd the produetion of single
oystars is one of the edvsusages of than- raaring nethods.
~gonomic veluws. The cost of the rearing indicates thet the nethods
waen properly develored »ill le of definite velus to the industry.
Thus in the chegpopt wafth*ad tried - large floating tray - the cost
of the roaring itrelf was sbout «30 per 1,000 nnd}:ms exparinent
70% had reached or passed lengthe of 14" and 20% 2" - f.e. wore past
the greatest éanmr ol loss by destruetion by starfish. Thus, by
bringing into use amther form of wulteh (oonerotmoatcd cardboard
callectars) and evolding the great lossos in the firssg your, the
Foaring of spat by thes: e thods woniscs to be economioslly proffsable.

Twronto, Aprt ’i. 1934,



