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PRELININAKY OBSKRVATIONS AND KXPERLAGNTS OF STARFISH VITH REFKRKNCE

%0 THE OTSTER

& Toport of work at Prince Bdward Island Bologioal Station, Summer
19%.

by G. F. K. Smith,
University of Toronto.

The starfish (Asterias valgaris (Yerr)) is the most Luportent eneay
of the oyster in Nalpeque Bay, P.E.I, Dr. Needler had noticed that the average

i

of the starfish found in the bay was much sualler than the size of infi-

viduale of the seme speci

comonly seen st St. Andrews, st low tide. This

suggested investigating rate of growth, and limiting factors of locel distridution

of the starfish, The tme of wawalu snd the conditions ecessery were wnknown
%o the writer, The water in the bay s freser and verser than ihe oaesn or gulf
water, ® 1t vas not expeoted that sawming conditions and Hue wald resesble

tose Ut could Do observed at 5%, Andrews. There Ls an abudance of literature

congerned with the esbryology and larval stages of starfish, but the writer, to

has fomd 11ttle of a phys!

logioal or esologiosl character on adult star-
fish, and espsoially on the species with which this report is concerned.
The work consisted of three more or less distinet divisions, Part A was

o1 e Al ' 1k i gomd s o mpomtng Biskin
s somrraat S rube o€ vl st sovierante 4F the Shaxishy Kad Fart 0 e
experimentsl in nature, being & study of the effect of various temperatures and
SRS S i e

Part A. Attespt %o deterwine spawaing period,
The sumer's work was begun about Juse 20, 19%. In an stteapt to de-

teraine the spawming period, tires methods were tried. Regular plankton tows,



-2

every second day, were made at various points in the river, where starfish were ||
knows to be abundant, and also where starfish were not abundant. These tows were
continued until the beginning of August, when the frequency was diminished. The
se00nd method was 10 examine the gonads of adult starfish, (aleo taken from various
parts of the river) for ripe ova and sperms. Thirdly, ground glass microscope slider

wore suspended in the water at the surfase, floating with the tide, and another set

anchored to the ottan, at tw peints in the Fiver, in an attespt o cateh the
settiing larvae,

AIL throe sttempts vere unsiccessful, At o tise wers starfish larvas
obtaned 1n slaskion tows. The gonads of adult starfish vers distended in only &
fov of tho spectnens Wt vere exaxined, begianing on June 22, and contising two
tnes & wosk uring July. A faw starfish taken fros the Galf of 8%, Lawrence,
Jurt Off fron u mouth of the bay, showed gosads éistended with egee that vers mot
quite ripe. Tiis condition was not observed in the oate of sterfish taken from
he bay, The fow starcish that had distended gonads vers laden with msture ege
or spers, but the grest majority of weciasms had mall undistended gonads. %o
startion larvae sottled

the ground glase slides, but the time of the major

settling of mussel larvae and oyster spat was observed for the 1934 season, From

July 20 to July £3, the pat settled on slides &t the bottom of the ri

the station landing stage) %o & density of 10 per square centimeter, YVery fow

spat settled on the slides at the surface during this period. The first appearance

of mat on the slid

was on July 16, on slides at the bottos of the riv

It sosms that the starfish had ewned well befors June 22, but the

evidence is all of a negative character. Tls early spawning of the starfish
would make the period well in advance of the oyster spewning period. The writer
hopes 10 make & further effort to deteraine the starfish spewning period, begin-

ning work earlier in the season in 1936,

Part B, Eate of Growth and Occurrence.
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The starfish, for sise frequency observation, and for experimental and
observationsl materisl, were obtained by the commercisl method of mopping. This

method eonsiste of towing & series of (6 or 9) mops made of

tton waste attached
%o & heavy bar iron triangle, along the bottom over the oyster beds, behind a

motor bost at redused speed. Bsch mop, when in £00d condition, is about three feet

long. Starfish get tangled up in the loose thresds and are picked

t of the mops

by band, As the frayed ends become worn, the mops beoome wuch 1

effictent,
Starfish less than one centimeter in meas dimseter, ave not usually very well en-
tangled, since they do not possess large enough spines. Vith worn wops, starfien
wush over twelve centiueters are not well entengled, but are ceught tighter in new
=ops with long frayed ends, The reason for lower efficiemcy in the case of large

stare

18 appareatly the relation of length of frayed cotton waste %o the sise
of the starfieh, In observations made in susser 1934, the wops that were at hand
were used, being worn mops in the first part of the season, and new mops near the
end of July, which beoase somewhat worn in August. This obvious varistion in

effiolency could be remedied by using only new mops for obtaining starfish for the

siso frequency observations. The new wops Gould then be used in routine mopping
uatil worn out.

Tolat

oly maall oatohes of starfish were taken, since the oyster beds

are ot large, and there would be & possibility of cutting down the populati

o

wuoh an extent that the next mopping at the seme point Would not be of starfish
that wore originally on the bed, but of individuals that had sigrated thore since
the previous mopping. (The mopplng of Martin Landry bed shows that mirration to

® relatively clesn ground where food is abundant, is considerable.) On the other

hand, & cateh of fever individuale would not show the yoar ala

atstinotly
&6 & larger sasple. Possibly the writer has made the latter istake. A ssple of

botween 400 and 00 specisens would probably be best, and would be

1derably tn
exo0es of most of the samples

ke in sumer 1934, The moppings were wade over

suall areas, aid as nearly as poseibl;

ox the suse ares sach time,
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“he three beds froa wiich reguler suples were taken vere Black Buoy
Bod, Trout Kiver, (Claude Nayes' Bed) and Cooper Bed. Black Buoy Jed is an on
*hore Bed avout @ aile below the stati

This bed Lss been sopped before. Trout
River Bod s siuiler in its genersl character and is sbout two niles below the
Biclogical Station. This bed in contrast o the Blask Buoy Bed and Cooper Bed,
had never been wopped wntll swaples were taken for rate of growth lmvestigations
of this Teport. Tor this reason it vas supposed that the demsity of population
ould be more nearly statis, than on thoss beds that had been previously mopped.
Cooper Bed doss not toush the shore at any point, and is wore exposed than the
w0 Deds nentioned above. There is ales a very desp spot in the river, nesr the
west margin of the bed that 1s south of Indisn Island.

The dotails of the suples and the graphs plotted are ss follows. The

average dlmoter, §, of the starfish is seasured to the nesrost half cntimeter.

Black Buoy Bed
June 26, 1934, June 30, 19%4. Sept. 6, 1934,
] Number % Nusder % Nusber %
3 1 7 %
B 2 s
u 16 19 6.5
131 2 18
1] 9 35 16
i 10 3 18
5 6 12 10
1 1 6 13
T 3 10
3 2.5
Xyin
¥
2.5 K]
R
%
= L
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Trout River. (Claude ayes' Lease)

June 26, 1934. July 23, 19%. Sept. 6, 1934,
$ en. Fuxder % Nasber % Hudber %
1. 1 ¢
15 T 6 2 .ad
2 % 1 e g 8
25 “ o B e n

56 25 "% 2 19 15
@ LAY n oz
4 TTER | R 2
4.5 s s e h 0 16
5 R 0 s e
X 2 - o 3 as
. 1 3 g
65 - -
v 2 Bl 1 .3
7.5 1 2 -
s 1 5 1 3
55 7 .
s L | , 2
10 1 £
12 1 -
16 PG e
221 126







Gosper 30
June 26, 193 July 30/% sept. 6/34
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Martin Lendry Bed

Juy 23, 1934, sept, 11, 153,
] Nusber  Per cent, ¥iftoon inutes woyping.
2 2 1 5 startish.
2.5 5 z Averuge, 6 to 6 cantineters,
3 s 3 Largest, 10,6 centinsters.
3.5 13 5
4 a 12
s 2 u
5 2 10
5.5 2 10
6 18 v
6.5 15 6
7 1 7
7.5 13 5
e 13 5
[ 1 7
10 12 .
n 6 2
12 i “
13 1 “
u 1 “
15 3 “
16 s 3 “
259

This bed had spet planted on 1% on Juas 3, 1934,
84 been mopped contimmwously for three days
oy Beplocys
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The frequency dlagress show that the rate of Euwin of starfish varies
considerably on @ifferent beds. The pewk of the dlsgran for the September mopping
n Cooper Bed, ie to the beft of the powk for the July mopping for the swme bed.
Tais saggests that this s the 1934 set Of starfish whish do 5% appesr on the dia-
grems for Black Buoy of Trout Kiver. 1f thls s the oase, tie second yesr clase
[y

would appear as & mall pesk at the 4 om, sark, Uore extensive observati
have o ba ueds, before any definite conslusions sey be draws

e somparien of sie frequemsies of sierfish, mopped on Whe sass day from
Martin Landzy 5ed aad Trout Kiver Jod, shows how great may be the divergemce in star-

f1eh sise, botween two bods thet are only bout two miles apart, but whichs
@ifforent history. A large proportion of the starfish on the Martin Landry Bed mast
have migrated on from deeper adjacent water, since this bed wes mopped for thres §

1¢ resove most of the starfish. The large

4 1934, whioh

days provious to Juse
is probubly due o the sbundance of

#ixe of the martieh, found on this ocon

004, since 1533 wpat were planted on this bed, on June £, 193, In July a large

Proportion of these sput were fousd to have besn esten by sturfish, On the other

hand, the Trout River bed had never bewn wopped previous to June 26, 195, nor had

saall spat been pleated on it.

There are two poseibilities which have been suggested in considering the

frest predoninance of only 9ne yeur olass n the sire frequensy diagreas. There may
Vo an extrenely high ortality in the second year, o in the war water of the bay
4 vator, nature ush yowiger, and never ressh

the starfish may grov faster than in
the sase ulticate sise. o $est out e latter suggestion, & conparison would have

0 be sade betwesn starfish of Kalpequs Jay and s0as place such as St. Audrews,

Warfish vere fousd on & sharp sand bed at the mouth of Trout River,

wbout half u mile frow Trout River, (Claude Hayes') Jed, althiough oysters were
plentiful on whis bed. On hard bedsy other than sharp sand, both up, (Black Buoy Bed,

o%.) and dowa, (Cooper Bed, ete.) there was an sbundance of sterfish, Mud bottams

surrounding the beds, (Trout River, Slack Buoy, and nwserous others) vere found %o be
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fres, or aluost free from sterfish. The sshll artificial beds in Paugh's Creek were
apparently free frou starfieh, but Part O of this report say explain this abvrense,
The deep water, south of Indlan Island, west of Cooper Bed, contains many starfish.
‘e water hers Ls about forty-eight feot desp, and is & possible constent source of
supply for Cooper Bed, should the population on this bed becoue reduced by artifisial

or netural ageney of sose sort.

Part C. The effect of verious tespersturss and salinitiee on Adult Starfish.
Oysters ocour farther up the "rivers” thas do the starfish, thet is in

Sreshor and warwer wator, Tamtman and Sperks heve shown that the lewiel tesperaturs,

with  replely rising tespersture, (1°C per 5 minutes) of Asterins valgaris is 32°C,
end Henderson, that the lethal Yemperature of Ostres virginica is 48.

the rate of rise of texperature would affest the lethal tesperature fousé in these
experinents, The folloving experizents are intended o show in wiat Fasge of constant
temparatures and salinitios the adult starfish oan live,

In the firet set of experinets, starfich wers kept in themostats st

various tenperatures, from 12°C %o 30°C and salinities from Ofe 10 40%.. Starfish

of various sl *' with about 600 g, of sew water. The

were placed in "fox-paas

wator vas changed twice u day, each experisent lesting thres days. I the starfish

were apparently momal &t the end of this period, it was assused that that parsicalsr
salinity asd towparature would not be injurious.
1n all cases of & variation of salinity frow the nomeal, the starfish vers

ascliaatized at en approximately constant Tate, the process taking sbout one sud one

Balf hours to ohange the salinity from 27fs to 12fs. This rapld change mo Goudt

Barrovs the liaits of feuperature and saliaity that is not injurious. The effests

of various rates of change of mlinity will be part of next year's work. The fresh
water used o desrease the salinity vas well water, tiere being no Observable differ-

enge in effect betwoen well wator and frosh water

tained from o nelghbouring streas,
Distilied water, {n eufficient quantitior

was not obtainadle.
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Oxygen deteminations showed Wit changing the vater twice a day was quite
muffiotent, To test this, starfish were kept for varying lengths of tice, wp to &
woek, in fox-pans, without disturbing the weter, at salinity &, teperature 20 1,

and were apperensly winjured at the end of this Hue. The diuseter of fox-pans in

all experinents was 16 on, and the vater fro 3.5 %0 4 ou. deep.
In e

exporiuents and in the later caging exporinents, a starfish was not

tomued dead, wnl

at the end of the three day period, 1t was Liap, did not eling %o
the dleh, showed no resstion with its tube foet to a neskle point, and did ot Tevive
in twolve hours whon tho water was graduslly brousht to 275 wsliuity, aud roou
tasperature. In sowe cuses the pignent from the sbarfish wes lesched out. These
individuale 4i¢ not Tevive. In other cases the sterfish Dessme swollen, and some

of these revived, as shown in caging experient Ho. G. A% the begiuniug of cush

theuostat experinant, the water wae saturated vith alr, by seans of an ege beste:

and the changy

of wator, twice & day, vers sleo suturated at the taspersture at

watoh they vere to Ve used,

In o second set of experiaents, starfish vore caged in wooden boxes with

 wire sorean end, and the ouges pleced in parts of the river vhers starfish were not
obsarved to osour, that is in the Wmper part of the river. Tne temperature vas re-
onled by moxismesiniaw tharwmetors, aud the salinities detersined at high and low
tide. fhese obsexvations were inteaded, werely, $0 be & check on the themostet
experiuonty, sluce, in $he river, neither the temperature varistion, (day and atent,)

nor the slinity veriation, (high snd low t1de,) eould

prodeternined, The rete
of ahaaga of the fastor

however, it is expected are reflected in the ros

i1l be note

later. No losation vas found with & relatively constant low salinity.
The startish, for all experiuenth work, were odiained by woppig, and held
1n & lerge flosting storage tray, wout twenty yards from the

ation landing stege.

Ssall nussels were used as food, The detalled results of the experiuents are as

follows. 44 sign in the table indlcates that tie starfish was apparently norasl at
the ead of thres days experiment.
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Temperture 30°2 }°C.

s,
7 s 23 50 o £
©
Dead, (eolour blesshed) in 1 day, ewollem in & hrs.
%, 50 55 55
£
Dead, (colour bleashed) in 1 day, swolien in 4 hrs.
7.5 5.0 30 %0
2
Dead, (oolour bleashed) in ) day.
7. 50 5.6 TE
15
Dead, (colour bleashed) in 1 day.
Teuperature 274°C $j°C.
7o 0 L ¥
2
Desd atter sbout 0 hows, Messhod,
75 L2 £y
10
Dead in less then 20 hours, blesshed.
Teuperature 25°C 2 0.
st
P 9w 50 5 £y Z0
w0
Doad, (blesched in 1} days).
2.0 5.0 a5 TE O
Dead, (bloached in 1f days)
5 ol a 5 2
£
2 days. + . - +
Lost all but ) sm
pr 7.5 [y %8
2
2 tys 2 dsye + + +
3.0 50
2
1 day 2 anye
N.E 50 TE TE £
15
Adowy o dupsimi biaws +
0.0 5.0 X
10
A1 desd in less than 2 day
0.0 LD 2 =F %
5

A% 50 tiue clinging o the A,
Doad, (blesched) in less than 18 hours.
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Temperature 230 2 §°C.

peRy o 5E nF
Dead, + + 4
p 2 5 3
Dead, 2 Gays Dess, 2 +
5 z £ =
Dosd, § day m,fw Desd, 1 day  Dead, 1 day
much swollen mot swollen mot swollen
Temperature 20.0 £ 0.
¥ e 2 E 5
15
+ + 4
7.5 A TEE
u
+ + + +
swollen sligntly
svollen,
70 55 w EE
Dead, 1 Desd, 1 +
" 7. (53 £
12

Desd Dead. Doac. Desd
A1) dosd in ) day, but mot ewollen or bieashed.

Tespereture 16° ¥ 0.

PIE0 e £y Lo TF
Lived atmont 3 daye + +
e ety .n-;n.« ang_th;
50 £
Lived 2 days - + +
10 %o %o %5
2
+ + 4+ + 4
5.5 TE 55 3.0 5
20
+ + + s+
7.5 T 23 5
15
+ 4 4 -
7.0 5.0 5.0 0
10
Desd in sbout 1 day but did ot dlessh.
120 1.0 s TS 70
5

Bloashed in 2 days, @14 not oling to dish at wny tims.



-ar

w
+ . +
E 5 e
£
4 + . +
7.5 0 Ly %5
%0
+ + + 4
L [y %o 70
2
. + dny
5E L2 70
=
+ . . +
T8 123 TE Ex
15
+ . -+ S +
7.5 35 L2 T T.F
1
A1l desd, tixe wncertein (leve then 3 daye) not Mlesshed in 3 day
0.0 5.5 5.0 5 z,
5
A1 dead, time uncertein, bleached in 2 days, @1 not oling %o dish
st sy tise.
55 [ 5 T
°

Dead with eolour blaashed in & hours.
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Caging Experiments
(1) Tote on stasrish kapt on storage tray.

On July 30, mowt of the startish, over 6 ou in dlsseter, that vers deing
held in & large storage tray, 20 yardm from the station landing stege, were found
doad, bat 5o maller ones were dead. The salinity st his point iz £75e 4, aad may
»

low as 26%s, after continued reins. The w3ord of surface tempersture st the

stage, for a few days previous, is as follow

8 A, sr,
July 23 20.0% 2.7
LI Y 20,8 2.4
= 25 2.6 2.7
" 2 2.0
- w 2.
"= 2.3
L) 2.6

(2) Caged st Pangh's Cresk, belov Eydrograshie Station D01, Set out Aus. 2,
without food, § of starfish in cu wers 16, 8, 5, &, 3.
ug. 3. Temporature, (uin) 21°

L 1L startien ali:

Aug. 4. Tewp. (Nax, 22°C, mln. 20.5°C, salinity 26.1%e,(low tide). ALl starfish alive,
Aog. 6. Temp, mexisum 23°C, mintuum 20°C, Salinity 27.7% (hieh tide). A11 starfish
alive,

Aug, 8. Tomp. maxisus 24°C minisum 163, ALl starfieh alive. Experiment coneluded.

(3) caged at Station 2001,

4 out hug. 2, vithout food. § of starfish in ou were

W6, 5 4, 2.

ug. 3. Teap. minisam 21°C, ALl starfish alive,

Ang. 4. Tesp. maximu 23°C, winiwum 20160, Salinity 27.5%(low $14e). A1l starfish

slive,

ng. 6. Temp. maxiuue £3°C, ainimm 20,5, Selinity, 27.7%e(high t1de), ALl
starfish alive,
B D, ok AN sla. 20%. Stecfisth alive. dub B.sssesel. Ditacet Selituing
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(4) Caged at Paugh's Creek above Station 2001,
Set out Aug. 2, without food. f§ of stasfish in em wore 12, 6, 6.5, 4.5, 5.

Aug. 3, Tenp. mintmum 21

11 starsion slive,

19, 4, Temp, maxinun 230, ninimm 20.5°C. Salinlty 16,3 (low tide). Sterris
£ 8 me 6.5, desd,

Aug, 6, Temp, maximm 2640, minisux 21°C, Salinity 25,6 (Mg tide). Starfish
$ 12 on, desd.

ug. 8, Temp, mariam 27°C, minimum 21°C. Starfish § 3.5 ou dead, srvivor § 4.5,
Expertnent cozoluded,

(6) Oaged at MoKinson's Creek.
Set out dug, 2, witiout food, § of starfie wem 13, 6.0, 5, 4, %

Aug. 4, Tonp. maxixm £3°%

, minfaus 19.6°C. Salindty 26,3% (low tide). Starfisn
§ 6 on atee.

Aug. 6, Teap, maxiau: 24,5°C, minimum 21°C. Salinity 27,0% (high tide). Starfish alive,

Aug. 8, Toap, naxinee 9.0 (1), ainises 20°C. Itarfish § 13 on swilen somewhat,

Sapertaent oonoladed,

(6] Caged ot upper pert of Smelt Creek.
Set out Aug. 21, with small nusesls as food, § of starfien in os, 10, &, 5, 3,

Aug, 21, Towp, 2.

salinity 17,2k,

"C, utntnm 16°0. Sulinity 16.4%e(low Hde). AL
starfich alive but swollea.

Aug, 21, Toap. maziews 26°C, miniamm 175, Selinity 26,56 (hieh tide), Starfish
$10 oa dond.

Sept. 1, Temp. masimm 25°C, mintana 12°C. Saliaity 12.0% (t1de §, heavy retn on

Aug. 21). AlL starfish dead, Experiment consluded.

(7) Caged at Clande Willimss' Creek.

Set out dug, A, $1h mall sussels s ©3d. § Of starfien in ox, 10, 7, 4

Aug. 21, Temp. 23°C, salinity 4.5%e.
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fng. 24, Temp, maximum 27°C, minimu 16°0, Salinity 5.7% (low tide). ALl sterfish
dona,

Aug. 27, Salintty 26,57 (high tite). Bxperiment coneluded.

Creek, 40 yards from (7).

(8) Crgod at Clande ¥illiem:

Sot 0wt Aue. 21, with mall sussele as food, § of startis: in ou,

SN
Aug. 2, Temp. 21°C, salinity 26.3fe.
, minfew 10°0. Salinity 16.0f (low tide). 111

Ang, 2, Temp. maximun 25.!
sterfion alive.

Aug. 27, Tewp, maxizum 280, minimus 17°0. Salinity 27,26 (high tide), ALL

starfis aliv

Sept. 1, Temp. maxiwm 26%, mintum 130, Salinity 26,88 (t1e &, heary raing
Aug. 31), Starfieh f 6 doad, others alive. Experiment concluded,

Oxygen consusption of Starfish,
Tho following deteminations wero uade merely to see whether or mot,

starfish in the thamostst experinents, suffered from lack of oxygen.
Twelve starfish, of 10 ou., approxizately, in dismeter, were placed each
in & fox pen with 600 ce weter, salinity 27%s, and satureted with air at 20°C, and
held ot room tempersture.
Onloulation of # saturation is dased on vater 7%, snd 20°C, although

the temperature ws not sbsolutely constent. (%2%) .

Starfish Tine # Satumtion  Condition of Starfish

0 100

L 2 hours 58 ormel

z Fa 2 -

3 6 o "

I s “ *

5 1z " I3 .

s T as "

7 = “ "

s %0 55 "

9 4 58

10 62 o "

n 1 week 43 -



a8 25%,
Starfish Time # Saturation Condition of Starfish
° 100
12 2 nours 52 noraal

The survival in noral oordlifons w to oue wesk, shows that starfish in themostet
exparinents, wuld sffor neither from lagk of oxygen nor sscumulation of vaste

produste, to sny recogalzable degres, during the three day period of the wxmerimmnts

Thersostat Erparinent

Above £5°C mo starfish lived for the thres day pericd, At sny eeliniwy.
A% 26°C starfish less than 5 on survived in salinities of 27%, 20f., 15%, but no
other,

A% 23 the results were eimiler to 26°C, exeest that & larger sive (less than § em)

of starfion wirvived,

A% 20°C & salinity of 14fs was minimas for starfish of larger i wnd 1350 was

aintsu for etarfish of less than 5

A 16°C €11 starfioh died ot 10fe , end all lived ot 165, end starfish: over 10 en
aled Lu 3. and 40,

A% 12°C tho results vere siuilar to those at 15°C, exoept that all starfish at 3%
and 40% Lived.

1% nosms, from the

Tesults, that large starfish eswnot stend large &
Tange of femperature and salinliy, as oan the seall starfish which are s abundant
in those weters, The large strfleh cemot be easily scelistised to normal ses
wator (35%e) at tamperatures sbove 12°C. (Water in Bideford %, 27 to 26%).
The starfish at 26°C survived nomal ses water, 36fe, for only 1j day
although gradually acelisatised to the iigher selinity, and the wter var thoroughly

oxygenated. The rate of change of salinity, in introduoing the siarfish to & sale
inity of 36f, was probably the lisiting feetor in thess expe riments.



Gagtag Bxperinente,
he

experinents cheaked vexy well with the themostst experiments, in

showing that the mallor siarfish sxe sore atayisble, thes the large anes, %0 chazges
1n temerstare and slinity, Tie femperaturs may rise sbove Z5°C, for o short tias,
ithout 1njurious effect, as Ls o Lo expected, since the letiel temperature Ls 32°C,
a3 quoted proviously. A slizity below 156, however, ver {njurious, probaviy decsuse
18 Lasted & eonsidermble tine, and s1so vas sccompanied by & moderstely high texpers
ware,

There axporinents show that emperture sad salinity sre both 1ixiting
Sastors 1a the Loval Q1stribation of sterfish, vhermes, in the sase of the oysters,
the Liiting fastor 1s probedly selinity alons, The leok of sany largo starfish, as
shown by the frequency dimgrams, is probdabdly, in some measurs, due %o non-survival
of the larger sWrfieh, The sarked grester servival of small sterfish in these ex-
perinents, is possibly also pertly dependent upon the rate of shange of salinity
Asod, Whe ore Juvesile starfish Deing sare easily sdapta)

0 repid changes. The
loeal distribution apparently varies from year %o year. In swmer 1933, Dr. Nosdler

found many ssall sterfish on set eollestio

in Puagh’s Creek. This year, 1934,
however, the writer found none in this looality.

Outline of propssed contimation of vork for sumer 1935,
(1) Avtampt ¢

temine spamning period of starfis in Malpequa Bay, bogindtng
work sbout the iddle of ¥ay.

(2) 8130 aad age of starfish Viat wawn in dalpsqao Bay, and possibly  comparison
with those at 5%, Andrews.

(3) Continuation of Tate of Growth problem.

(4) Range of tamparature and ealinity, found losally, that is suitedle for normal
Erowih and development of starfish larvae.

(5] &ffest of various rates of shauge of sulinity on adult startish of various sizes,

siown by labortory experisents, and observation of rate of change of salinity
1n upper parts of rivers by tidal aetion.



Literstere sited

A, 0. Hunteaan sad M, J. Sparks.
Liniting fastors for ¥arius Antsals.
Selative Jesistanse to Rlgh Tesperatures.

Coatr, Can, Mol, Yol 2, No. 6, New Seris

Joun 7. Honderson.
Lethal Tamperstures of Lamell{bmnchinte.,

Coatr. Can. Blol. Vol. IV,

. 25, low Series,

Nov. 14, 1954,






	0001_Cover
	0002_Title Page
	0003_Introduction
	0004_Page 2
	0005_Page 3
	0006_Page 4
	0007_Page 5
	0008_Page 6
	0009_Page 7
	0010_Page 8
	0011_Page 9
	0012_Page 10
	0013_Page 11
	0014_Page 12
	0015_Page 13
	0016_Page 14
	0017_Page 15
	0018_Page 16
	0019_Page 17
	0020_Page 18
	0021_Page 19
	0022_Page 20
	0023_Page 21
	0024_Page 22
	0025_Page 23
	0026_Back Cover

