
BIOLOGICAL BOARD
OF CANADA

MANUSCRIPT REPORTS OF THE BIOLOGICAL STATIONS

No. 163D.

A S CONn REPORT ON STAilFIDH 111 'lH

R nRENCE TO 'IH~ UYST



BIOl061CAlBOAfiDOfCANAOA

ATLANTlCBIOl 061CAl STATJON
ST,A NOREWS, N,B ,

SECO!;]) REPORT ON STARFI

lilT REFEREl: CE TO THE OYSTER .

A report of work a t

Biological St ation .

1 935. University of Toronto .

~~ ]. 0,''1 3(.. ,



The material of this report is th e work of sum:ner 1935

and t wo week s in February 1\'36 , on starfish wi t h reference to

oyster culture . The work was done at the :Prince Edward Island

Bio logical Station at Ellerslie , P .E . I. und er- Dr . A.W.R .

Needler . Thanks are also due to Professor A.F . Coventry ,

of the Uni versi ty of Toronto) for many su ge;estions .

The pr oblem was begun in the summer of 1934 . On the

first summer 's work a report has a lready been submitted .

For the most par t the work of 1 935 was a continuation of the

obs er va t i on s and experiments initiated in 19 34 . Therefore

the report herein contained does not form a unified whole ,

but is rather in the nature of an amplification , extension ,

and i n some points a revision of the previ ous report .



Snawn inp: of St arfi sh and Bettling of Larva e.

I n 1 934 the a t t empt t o de termine the spawning perio d of

St a rfi sh f ail ed bec aus e wor k was begun too l a t e i n the se ason .

In 193 5 t he work was begun the last week in llay .

I n thi s pa rt of the wor k three methods were employed.

The gonads were exam ined to estimate to what extent spaw n ing

had t a ken plac e . Pl ankton tows were taken to trace the

de ve lopment of the l arvae . and mi croscope slides were

'i'u s pe nd ed in the water t o es t ima te the t i me of the maj or

settlin, of s t arfish l a rvae .

The foll owi n g a re the data f ro m the exam ination of gonads .

IS i s i n t his repor t the mea n diameter of the starfish in
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These data show that apawn t n g Vias taking ·pl a c e dur ing t he

f i rst week i n J un e in Bi defor d Ri ve r P .E . I. I t i s seen t hat

starfish a s sma l l as 2t an d 3 e m. have mature gonads . As wi l l

be seen l a t er , the s e i ndivi du als are probably just one ye ar

F or comparison , the gonads of starf ish co l lected a t

St . Andrews N.B . an d se n t t o the Biological Station a t P .E . I. .

by the courte sy o f Dr . Leim , were e xamine d . At St . Andrews ,

two spec ies of starfish , As terias vu lgaris and A. f or b esi ,

occ ur t oge t he r near Low tide mar k . It i s on l y the former

spec ie s , howe v er , t ha t is found in Ma l pe'l ue Bay P . E . I.

The data are presen t ed b elow.
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These f i&=es are not so definite a s those for Malpeque

Bay but t wo observa tions may be made on them . The da ta i n dicate

that A. vulgari s spawns earl ier than does A. f or beBi a t St . AndreVis .

Th is i s t o be expec ted s ince A. For be s i i s a more southerl y f or m

than A. vulgaris . A. vulgari s i s found i n co l der waters than

A. f or b e si, occurring up the Labrad or Coast . A. vu lgar is spawns

mu ch ear l ier in Malpeq ue Bay than does this spec ies at St . An dr-ews ,

Th is is dou b t les s due t o t he much earlies warming up of t he

water i n Ma Lpe que Bay

To fo l low l arval deve lopment a series of plankt on tows was

made dur ing t h e l a s t part of May , a l l of J un e and t he f i r st pa rt of

July. The s igni fi cant da t a are given below i n tabu lar f or m.

Plankton ToVis 1 935 .

~~: 5 H:ir ' In~i;~a~:;and su~~~~tN~i g:;E~h:tage .
35 - 13 Coope r Be d S 1 8 Gas t r ulae , young bi pi nn ari a

J un e 6 ~~=i~ c la~g~lHayeS 'Bed ~ i~ Y0;-;nebi pi ;;n a ri a

" 7 35 - 16 Black Buoy S 5
" 35 - 17 Sh ipyar d Po int S 5

June lO 35 - 18 Coope r Be d S 15
II 35 - 19 Cl au de Hay e s ' Be d S 5

June1335-20 200 1 S 5 Brach io laria
II 14 35 -24 Coope r Be d 5 f t . 5 young & old bipinnaria
II 35 -25 II II S 5 young bipinnaria

35 -22 2004 20 ft . 5 bi p i nn aria
35 -23 2004 S 5 II

June 2135 -26 2004 S 5 Bipinnar ia , brachiolar ia
II 35 -2 7 2004 20 f t . 5 II II

July 2 35 -32 Cooper Be d Bottom 5 old bipinnari a

Slides were s et ou t to ca tch settl i ng l arva e if poss ib le .

The s l i des were suspen de d ve r t ical l y i n r acks in vari ou s pa r t s of

Bi de f ord River where l arva e wer e known t o occ ur . Some r acks wer-e

s u s pended a t the surface an d oth er s near t h e bo t to m. ThE s l i d e s

were changed an d exam ine d pe r iodi ca l l ;\' . I n on l y t hre e c a ses



Mi c ro sc ope Slide s

Tak en up

J uly 3 St ati on St a g e Low t ide l ev el 550 - 750 micr~ns

JuJ:y 4 Cl aude Hayes ' Bed

J Ul y 4 JUly 8 Coo per Bed

Appa r en t l y the ma .lor se t t l i ng tODk place between June 20

and July 4 .

Discussi on.

The i nfor ma ti on fr om these t hree methode checks ve ry WE'l l .

The gonads showed t hat the major spawn ing took place during t he

be ing fre e swimming gastrulae . From thi s da te to Jun e 21 ,

progress i ve ly l a t er l arval sta g es appear-ed i n the plankton

unti l a f te r July 2 . l!e tam orp hose d l arva , ver e obtaine d be tween

J une 20 and J uly 4 . The temperatu re of t he water dur i ng the

first week in J un e was r oughly l 60C , but r ising r a pi dl y .

This temperature is i n excess of the t emp er a t ur e at which t his

s pe ci e s s:pawned at St.Andr ews . The exp lanation is possibly t ha t

the t empe ratur e was ri sing so rapidly that spawn ing was no t

wel l un der way unti l the temperature was much h igher than t h e

minimum necessary f or s:pawning . The l arval life of the starf ish



Size Constitu tion of a Populat ion , Pon ulation Density and Gr owt h .

easuremen ts of samp l es of Starfish populat ion begun in 1 934

were co ntinued . The population constitution according to size for

Coop er Bed on se v eral da t e s an d fo r Fr ed Eng land Bed on one da te ,

f or c ompar i s on , i s given below. ~ i s mean diameter in cent ime tres .

St a rfish Size Di s t ri buti on
Coop er Bed Fr ed Eng land

Oct .23/M J une 27 / 35 J uly 26 /35 Sept . 21 /35 Se pt . 1 6 / 3 5
'l 1:0 . ." lio .'" No . 'f> No.." 1'0 . ." No . ."

5 .7
33 4 .8

~~~ ~t~
7611.1

H1t~
~~ ~ :~

4 . 6
5 . 7
1 . 1
4 . 6
1 . 1
1 .1
2 . 3

! : ~

1 0 2 .0
69 14 .5
88 18. 5

~~ 1~: ~
34 7 .1

~~ ~ :~
20 4 .2
1 6 3 . 4

1~ i: ~
3 . 6
4 . 8

~ : ~
2 . 4
4 . 8
4 . 8

1 . 2
6 1.1

30 5 .4
67 12 . 0
85 1 5 .3
86 15 .4
7212 . 9
38 6 .8
35 6 .3
21 3 .8
26 4 .7
24 4 .3
1 5 2 . 7

7 1 . 3

1~ i:i
3 . 5
3 . 5
3 . 5

~ :i
~ : ~
2 . 4
2 . 4

4
1

1 6
2 5
50
4 9
70
75
69
55
53
32

48 3 .329

~: ~ :~ 2~
~ : ~ :
4 . 3 1
5 . 3 1
1 . 1 1
1 . 1

.7

.2
2 . 8
4 . 3
8 .6
8 .5

~; . o

1 2 .
9 . 5
9 .2
5 .5
5 .0
4 . 1
1 . 6
1. 2

: ~
. 2
. 2
. 2

Tota148499 .7 685 100 .0 475 99 .8 556 100 .0 1455 100 . 1579 10 0. 2

the. t ~~ew:~z~r~~~;i;~t~~~i~; ;~e t~~a;if:hr~;o~~i~nr;~i~nw~~~
(&ni moda1. I rregularities in the distribution of l a r g er sizes wer e

n o t i ced howe ver. These mi h t r e pr e s en t . a l l t hat remained of

s ec on da r y mod es or might be irregu1ar i ti e s due to t h e sma l l numbe D

of indivi dua1s .~ • . I t may be seen f ro m t he a bo ve table



for Cooper Bed on Sept . 21 , 1935 , that only 30 .9% of the starfish

are l a r g er than 4~ centimetres in diameter . 1455 starfish

larger than 4t cm wer e measured to the nearest centimetre . These

two sets of measurements are therefore the equ i va lent of measuring

a sample of 4700 specimens . The irregularities in size distribution

had entirely disappeared . There is therefore no i n di ca t i on of

year classes shown by this method of attlj,ck .

I t may be seen that over winter the mode of the size distrib­

- u t i on did not sh ift for Cooper Bed , but during the summer bhe r e

was a slight increase . The small growth of starfish on Cooper Bed

is to be associated i n a ll probahi l i t y with the great density of

of population of starfish , which will be ment ioned l a t er , and U e

re l a tive s carc ity of f ood su itable f or smal l starfish . I t has been

sh ovm by Mea d t hat s tatfish may exis t fo r a c on s i de r a bl e time

with out an y food .

The greate r s ize of t h e starfish on the Fr e d Eng land Bed

probably has a s imi lar exp lanatio n . There was he re a greater

abundance of f ood which was i n t he f or m of smal l s pa t planted on

the bed at the beg inning of the season . This is a sim i lar c ase t o

.~artin Landry Bed reported in 1 934 . These observations are i n

accordance with the view put forward in t he pr ev t ous report , that

the size of the starfish i s no t a measure of the age but an

i n di c a t i on of the a vailability of food .

The total catches of starfish taken from the Depar t men t of

Fisheries ' Beds , duri ng the course of routine mopping to remove

these :Jests , were counted . This was an attempt to obtain an

estimate of the starfish population densi ties . Mopping operations

ceased on a par t icular area when catches be came s mall . The wr i tel'



is of th e opinion t ha t i n t h is pr oc e s s 75 or 801'> of the starfish

on the ar ea a t the time were removed..

St arfish p opula t i on Es t i ma t e Bi d.ef or d. Ri v er

Place( Bed.)

Totten Bed. June 17 -22
Bar Bed. June 22 -24
Shipyard. Pt . June 24 -29
Fred. England. Sept .15-17
Cooper

5
1
2i
3

5133
1400
5084
547 0

42400

The size of the starfish on Coo per Bed. and. Fred. England. Bed.

were contrasted. earlier in the report . In the c ase of Cooper Bed

t h e starfish were for thr~ most part, too small to eat

the oysters . Th e starfish ar e concentrated on the bed., however ,

presumably attracted. there by t he oysters which proved to be too

large to open . Other food. on the bed is apparently enough to keep

this larKe population alive , at least for the most par t , but

insufficient to permit much gr owt h . Under t hese delicately

balanced cond.i tions , the starfish are an a ss e t to the oyster bed,

since they keep the po pulation of oyster competitors , such as

mussels , at a low level. From the oyster 's poi n t of viev; the small

starfish is a very d.ifferent animal from the large starfish . The

small starfish is an ally but the l arge starfish is an enemy .

Thr ee points are to be carefully considered. however . The starfish

must be too small to open t h e oysters and. no oysters that ar e

small enough to be opened. should be planted. on the bed. . T~e

population of starfish must be so large that food. is so scarce

th at appreciable growth of the starfish cannot take place . If lhlhe

starfish population were decreased. or the food. increased. , either

in the form of s!:lsll oysters or other food. , the population of

starfish woul:d. be expected. ;jo increase in the ize Q



which would. t hen be ab le to open the large oysters . The oyster

bed. mus t no t rely on the natural set o:f s pat as these would. be

eaten by r t t h e star:fish , but sh ou ld. be a bed. that is stocked. with

oysters alread.y a b ov e t he si ze that c an be opened. by the s tar :fish . Mmte:

Und.er these narrow cond.i tions it would. be an a ss e t to oys ter

culture t o have a large po pulati on o:f small s t ar:fi sh on an oys ter be d ,

The es t i mat ion o:f gr owth r ate :fr om size (d.i ameter) analyses

o:f a popula t ion a t d.i:f:fer ent t im e s is su b je c t to several pos s i bl e

errors . Th e pos i t i on o:f t h e peak o:f t he curve is n ot only in:fluenced.

by r ate o:f gr owth o:f ind. ivid.ual s o:f th e population , but a d.i:f:ferential

mor tal i t y would. have a mar ked. e:f:fec i: . There is no cer tainty t hat

the population a t one place is con stant . Ind.eed. , as will be sh own ,

nec e s sarily to be expected. that t he number o:f star:fish :fro m each

size class , Leavi ng a d.e:f1ni te area a t one time , wi l l be pr op or t i ona l

to t he number o:f star:f1 sh in the size clas s .

In an a t t empt to obtain a better mea sure o:f gr owt h , s tar :fi s h

wer e plac ed. in cage s wi th an a bun d.anc e or mussels a s :food. , an d.

sunk ne ar t h e bottom ol: the river und.er t he station sta ge . Ona

tray was le:ft :floating :for co mpari son



The diameters of starf ish are g i v en below in ce ntimetres .

Tray I Tr a y II Tray III

Floating nea r St a -e Sunk Sunk
Sept .4 Sept . 26 Oct . 12 Sept .4 Sep t .26 Oct .1 2 Sept .4Sept .26 Oct . 12

4 .7 5 .6 6 .2 3 .3 4 .2 4 .6 4 .8 6 . 0 5 .6
4 . 8 5 .7 6 .4 3 .6 4 .7 4 .8 5 .0 5 . 5 6 .3
4 .9 6 . 3 6 . 9 4 .0 4 .6 5 .2 5 .2 6 . 6 6 .5
5 . 9 6 .8 7 .2 4 .0 5 .1 5 .6 5 . 1 6 .8 7 .0
6 . 4 7 .0 7 .9 4 . 1 5 .3 6 .0 5 . 4 6 . 4 7 .2
6 .9 7 .6 8 .0 4 . 1 5 . 6 6 . 0 5 .5 6 .8 7 .7
7 .0 7 .5 8 . 4 4 .6 5 . 6 6 . 3 6 . 0 7 .1 7 .1
7 .0 7 .4 9 .0 4 .7 6 .0 6 .8 6 . 5 7 . 6 8 .2
7 . 1 8 . 3 9 . 0 4 .8 5 .6 G. 9 6 .6 7 .7 8 .2
7 .7 8 . 7 9 . 2 4 . 5 6 .2 7 . 3 6 . 0 6 .6 7 .2

Tray IV . sunk Tray V. sunk

Se pt .4 Sept . 26 Oct .12/ 35 Feb . 10 /36 Se pt .4 Se pt. 26 Oct.12/35 Fe b .1O /36
7 .0 8 . 2 8 . 3 8 . 4 8 .3 7 . 5( 7) 9 . 0
7 .1 7 .5 7 . 6 8 .5 2. 4 8 .3 9 . 2 all dead
7 .4 8 .0 8 .2 9 . 5 8 .8 8 . 6 9 .2
7 . 4 7 .6 7 .8 9 .2 8 .8 10 .0 9 .4
7 .5 9 .0 8 . 9 10 .0 8 . 9 9 .2 9 .4
7 .6 9 .2 9 .0 10 . 0 8 . 9 9 . 1 10 .0 by
7 . 9 9 .2 9 . 0 10 .2 9 .0 9 . 2 10 .2
8 . 0 9 .1 9 .6 10 .4 9 . 1 10 . 5 11 .0
8 .2 9 . 0 9 .6 10 .4 9 .6 10 . 6 11 .0
8 .2 8 .5 10 .1 10 .5 10 . 0 10 . 8 11.6

starfish wa s extended and walking across the bottom of the pan .

It was observed that great care must be taken to be sure that

the starfish is in the s ame state for successive measurements

a s t hey c an change 'their di ameter considerably ( about 1 cm in
the

the case of larg e specimens .) ....At the be ginning of ~ experiment

each starfish wa s measured and notes made of the individual

colour characterictic s . The ca ges used were shallow boxes with

screen bottoms . Thus the starfish we r e in darkness during the

experiment . t the time of the second measurement not all the



starfish could be recoenized by co mparison wi t h notes regarding

colour and size . y the third measurement very few individuals

could be recognized as such. Th e br ight c ol ours of a l l spec i men s

t ended to bec ome dull and dark blueish or gr ee nish gr ey s or browns .

Th e figures obtained for t h e gr owth in the abeve table

show that with sufficient food , growth may be rapid . This evidence

is i n agre ement wi t h the hypothesis that Fred England Bed starfish

wer e l arge on account of better food supply mentioned earlier in

this report . It s hould perhaps be menti oned h er e t hat an earlier

experiment was attempted between July 6 and August 17 . All the

trays were float i ng. In this case a l l bu t a f ew of the starfish

died and tJflqse showed no gr owt h . At the time t he writer was of the

opinion that the continual motion of the floating boxes wa s the

source of the trouble . owever , tray I in the a bov e experiment was

one of these same trays . The only difference that the wri ter could

see between the earl i er experiments and the l ater was the da t e of

the experiment . In a report on St arfish an d Oys t er s , A. T.R . Ne edl er

reports t hat his trapping ex periments were not very successful

during the middle of the summer . Thus there is some evidence ,

t h ough far from conclusive , that during t h e war me s t part of the

summer the starfish are not so active as dur i ng the Spring and

Fall . A certain amount of evidence that may be interpreted as

poi n t i ng in this directi on may be found later in this r eport

under the discussion of mass movements . Feeding experiments were

tried on the starfish in 'tray IV in February 1936 . This tray

was suspended near the bottom under the ice . The tem perature

was below ovo



Feb . 10 , 1 936 , 5 .00 P .M. 60 s pat fr om 2 to 4t em i n di ame t er

lllaced in tray with 10 starfish .

Feb . 1 2, 1 936 , 1 2.00 noon , No sp at opened but starfish c l i n&i M

Feb . 26 , 19 36 , 10 . 30 A• • No s pa t ope ne d . All s pat an d stardtish

pr e s en t and a pparently heal t hy .

Thu s it a ppe ars that t he s t arfish are a lmo s t i na ctive und er the ic e .

In an a t t empt to es timate the age of the s t arfi s h , sp ec i men s

hope d that the gri n di ng down of t he ossi cles to thin se cti ons

wpuld .r ev ea l under the microscope some difference s in structure

of different re f;i ons , which !:light be interpreted a s annual rings .

For comparison specimens of Strongylocentrotus an d Echinarachnius

wer e also dried . oore has shown the pr esence of annual r ings

of pigment in the plates of Echinus (1935) . The writer found

similar rings in the plat e s of Ech i na rachn i u s an d Strongylocentrotus

bu t the ossicles of the starfish s ho wed no difference in pi gmentati on

or visible structure . Th e s t a r f i s h ossicles co ntai n e d no pi gment .

The ocular ossicle wa s tried first since it is as old as the

starfish . Apical ossicles wer e also tried . Ambul acral ossicles

are of di minishing age as the t ip of t h e arm i s approached .

All c a se s gav e negat i ve r esults . Further wor k on this material



Distribution-t....:'~..~~~nts and Temperat~~a Fa c t or limiting

Distr ibution (.nd affecting Mass ' ov ements .

The followinp; table is a summary of observations on the abundance

and distribution of starfish at selected s tat io ns in :a l pe 'lu e Bay .

The time of moppinp; was in all cases ten minutes . ~ap position

refers to the place as indicated on t he m~p published by the

epartment of Fisheries for the plotting of oyster leases .

ap Position Bottom No . of Diam . in em.
Starfish of ' ode

27 /~ /35 Cooper Bed 192 -E Oys;er B~d 685 ;tSharp 's Bed 213 -0 580
Indian Island 1 88-U _u d 71 3t
Bird I s l and 190 -R Sand 145

~Hog I s l and 174 -A Rock 12
Low Foin t 178 -M S~~d 291 ~tIa.Lp e qu e Bay 144 -0

4~;28/~/35 cur;ain I s ; and 106 - 1 Shell 4

1~6 :U
" ( ?) 107 4

Sand
~~

7
Ram I slan d ~~~ll ~tPr inceton 11

Although mud bottom supports a very small starfish population ,

the starfish on this type dlf bot tom are large . r ela t i v ely . Probably

the differemle i n density of pop ulation mere ly i n di c a t e s a diffe rence

in f ood abundanc e , On a mud bottom the f ood is probably 'lui te

scarc e and the starfish ar e few . but those few a ppa rently f ind

enough foo d t o grow to a relatively large size . The great

c onc en t r a ti on on oyster beds may i nd i c a t e that starfish move to

these areas by sense of smell . Further evidence favouring this

pos sibility i s given below .

ore obs ervati on s were made on starfish i n the "River s" near

the Bi ologica1: Station than elsewhere . Paugh 's Cr e ek is an arm

of Bidefo r d Ri v er used extensively by the Bio logical Station for

collecting Spat . l ong t.he i. sho re of this creek i n t he summer of



1 935 there ~ere t wo small areas where one year ol:d s pat were set

ou t . Thes e a reas are r efjer"r;,d to i n this report a s Uppe l' an d

Lower Paugh ' s shel l beds . There was a sim ilar area on Smelt Creek ,
2."0

( als o an arm of the Bideford Hi ver ) about .ee yards up stream from

the :3iological Station , near the warehouse . and a fourth ar ea

about 300 yards downs tream from the St a ti on near the l an e . ca l led

i n this r eport ,War eh ou s e She ll Bed , and La ne She ll Bed .

Starfish observed wer e r emov ed at the t ime un less otherwise sta ted.

!. Obs ervations a t Paugh 's She ll Beds .

31 /5 /35 . "'0 s tar f i sh observed .
1 3/ 6/ 35 . Lower She l l Bed

Off the east of bed at 25 yards
On bed
Betw een upp er and l ower beds
On up er be d
On be ds
50 ya rds downstream
Tempe rature 2SoC

opp Ln g 25 yards off l ower bed
One was 1 935 set .

~. fareh ou se Shell Bed

30 .5.(35 On be d
27/ 7/35 II II

16/S/ 35 II II

11 star:C1sh

5
o
3

£ . Lan e She l l Bed .

30 /5 /35 n d near be d 40 s tar:C1sh
r emoved and 20 spec imens placed 20 f eet

wes t of bed a t 12 .00 noon .
31 /5 /3 5 1 2 n oon , On be d 15

l e ss t ha n 9 fee t from be d 3
20 3t a r:C1s h placed 20 fee t wes t of be d .

2/6 /35 3\ir~~hi~':4S fe~~ ~~\ed l~
offshor e 10 fee t of be d 5
within 40 f eet eas t of be d BO

4 .00 P . • 25 s tar:C1sh placed 40 f e e t wes t of be d
22 " " 40 " eas t " n
all other starfi sh r emoved .

4 / 6/35 4 .00 P . ' . on bed , se v eral , c ould n ot be c ounbed
on account of r ough water .

6/6/35 _ r' , Forbe s rem ove d 52 s t arfi sh f rom the Be d an d
from wi thin a few feet of the be d .

10 / 6/ 35 rr , Forbes r emoved all the star:C1sh ( number?)
f r om the bed an d v i cin i t y



1 3/ 6/35
16/ 6/35

24 /6 /35
25/ 6/ 35

29/6/35
4/7 /35
15/7 / 35

~r . Forbe s r emov e d 132 starfish from the Bed an d vic inity
1 60 s t a r fi s h removed f rom Bed ,
those n ot on be d not removed .
1 81 starfish r emov ed f rom Bed

66 " " " wi t hin 30 fee t east
1 5 " " " we s t
1 2 1 2 fe e t of fshor e
~g :: B~ d .ll~ t a ;;l ~s wa~er w~s m~ddY

30
14 on Bed , none wi thin 20 fee t .
27 on Bed
o wes twa r d

f ew scattered ea s t ward
••any on Bed
several near be d
2 dead , temp erature 24 .5 0C .
St arfi s h were not r emov ed .

Outer 8 aq s yd.s , of Bed 1 55 a live 6 dead
Shoreward pa rt of Hed 57 " 3 "

i thin 50 fee t wes t 22 " 8 "
" 50 " eas t 66 " 5 "

Temperature 27 0 C .
11 remove d

65 on Bed
10 8 within 90 feet ea st

48 " 90 " wes t
Temperature 20 . 50C Al l remo ved
On Be d 224
Temperat ure 19 .5

1!. Claude Williams ' Creek .

Claude li l li ams ' Creek i s a smal l cre ek emptying i nto Bidef or d

River . The creek is protec1:ed by a sand ba r ac ros s i t s narrow mou th .

At no time were l ar ge starfish found he re but the physical c ondit ion s

are a dmi rabl e f or r ai sin of smal l oysters . Howev er , on Se pt . 13

a t ow was made here with a ' 0 . 0 net . This t ow mus t hav e s craped

t he bottom s ince se veral smal l starfish ab out It cm were brought u p .

The next da y some baske ts of spat were lifte d that had been resting

on the bot to m for ab out two week s . The s e ba skets a l s o con tained

s ome of the se small s tar f ish . n Oct . 11 , 34 smal l s t arfi sh wer e

obtained f rom thi s place by us i ng t wo mop s on the en d of a po le .

Th e mode was 2 .2 cm, an d t h e l arg est 2 . 9 cm, i n d iame ter .

These ar e certainly a l l s t arfish of 1 935 se t .



~ . Uppe r Paueh ' s and Smelt Cr e eks

20 /8 /35 . Smal l St arfi s h were ob t ain ed from these two places .

Al l spec imens were be tween 7 an d 1 4 mm. i n d i a me t e r .

Wi n ter Obs erva t i on s on Distribuy.l2!! .

again in Feb r ua ry , t.hrou gh ho les made i n the ice . The data obtained

were as follows . In all cases the starfish in this part of the

wor k were obt a i n ed with two mop s on the end of a po le .

"::ud Digger Point Bed . Depth 4 fee t .

9/ 10 /35 . St arfi s h present . 0 5t , 6 , 6 , 6 , 6t , 6L 7 , 7 , 7t ,

8 , 8 , 8 , 9 , 9t , 9r , 10 , 10 , 10 , 10 , 11.

3/2/ 36 . 10 A.M. I c e 2 feet t h i ck . Sa linity , surfa ce 4 .3?6o ,

bottom , 29 . o , No s tarfish f ound .

2 . 25 P • • Low t ide . Salinity , b ottom 29 .5?6o .

Two starfish , 0 5 , 5t .

50 ya rds so u t h , 100 wes t . lli i't deep . I c e 2 f e e t thick .

2 .35 P .!. Low tide . Bottom salinity 29 .8 ?60

8 starfish present . 0 3 , 5 , 5 , 6 , 6 , 7 , 7 , 10 .

Pulpit Be d .

Starfish found . 0 3t , 4 , 41. 4t , 5t , 5 , 5:?!: , 6 , 6t ,

7 ,8 , S , S , 8 , st , 8 2 , 9 , 9 , 10 .

Starfish f ound 0 3 , 3t , 6t , 7 , 7 , 9t .

4 /2/36 Starfish found 0 3t . 3 t , 3t , 4 , 5 , 5 , 7 , st , 9t .



cut down to a low density every , or ne arly eyery summer , as will

be shown l a t e r for t he summer 1935 . If , h owev er , food is near,

the s tarf i sh wi l l move to wards it . Th i s f act i s wel l kno wn by

an d in Claude °.1i l l i ams ' Creek on Sept . 14 wh en small starfish

c lustered on a basket of s pa t . The s pread of s tar f ish up s t r eam

does not continue un iformly throughout t he summer . From the

observations on Land Shell Bed it would a ppe ar that t h e movement

was at a maximum about the middle of June . By the en d of July .

the up s t r eam move ment had ap arently pr a c t i ca l l y stopp ed . Th e

wri t er f eels confident th.at the r ea s on for the dim inished ups tream

movement is temperature , whi ch at thi s time was well above 20 0 at

t he ple.ce under consideration .

On AUF,Ust 17 a temperature of 270 C wa s measured on the Lane

She ll Bed , and several starfish wer e found de ad . Thi s would seem

to i ndicate a very hi h mortality , sinc e dead starfish a r e complete-

Qly removed in a fe w hours by scavengers . On this date a bou t 200

starfis h were removed from t he bed , but no starfish had been

removed for more than one month pr evious . At the height of the

mov ement in t h e Sprine , about 60 starfish a da:'! could be removed

from t he ar e a . On Sept . 23 , 224 starfish were removed from the area .

These h a d come since Aug . 30 . t t h i s time the temperature wa s

down to a bout 20 0C .

'I'h e mortality of starfish in warm wa t er ( a bov e 25 0C ) is

completely i n ac cord wi t h the thellIDostat experiments r epor t ed u pon

in 1 934 . In these experiments it was shown that i n the l a bor atory

under the conditions of the experiments , the starfish woul d not

live in . a t er a bov e 25 0 C , but it wa s also shown tha t very small

s tar f ish , in the t h er mos t at experiments , were much mor e r esi s t ant



Cl aud iilliams ' Cr e ek . Dep t h 4 feet .

St arfish found . e 1. 6, 1. 6 , 1.7 , 1.7 , 1. 7 , 1. 8 , 1.8

1. 8 ,1. 9 , 1.9 ,1.9 ,2 .0 ,2 .0 ,2 . 0 , 2 .0 ,2 .0 ,2 .1 , 2 .1 ,

2 .1 ,2 .1 , 2 .1 ,2 . 2 ,2.2 , 2 . 2 , 2 . 2 , 2 . 2 , 2 . 2 , 2 . 3 , 2 .4 ,

2 .4 ,2 .4 , 2 .4 , 2 .6 ,2 .8 ,2 . 9 ,

Depth 4 feet , ice 18 inches . Bot t om s alinity 24 .3 j60.

tar f ish found , '" 2 . 6 , 2 .6 , 2 .7 , 3 .0 3 . 0

Cooper Bed .

St arfish found , '" 3 , 31;, 3t , 5 , 6r , 6t , 91., 91" lO t .

Depth 9 fe et , i c e 2 fe et . Bot t om s alinity 30 . 5:;1>0 .

St arfish found'" 2t , 2t . 2t , 2t , 2t , 3t , 3t , 31;, 51;.

Sha l l ow part of the Bed , Depth 5 feet , i ce 2 feet .

St arfish f ound'" 2t , 2t , 3 , 3t , 3t, 4 , 4 , 4 , 4 , 5 , 5 ,7 , 71;.

( a) Nea r s hore , de pth 31; feet , i ce 2 feet .

Bottom salinity 25 .9 ;t>0. Starfish not f oun d .

( b ) 30 ya rds off sho re fr om (a ) Dept h 1 5 feet , i c e I t feet .

(c) Half way be t ween ( a ) and ( b )

epth 8 fe et . 5 starfish fo und .

The repeated observations of Lan e Shell Bed s how that there is a

movement of starfish u pstream i n t he Spring . Tha t starfish wi l l

move directly towards oysters ha s been s hown for a dist ce of at

l ea s t 20 feet . The wr i t er does n ot thi nk that t he movement ;:rom

gr ea t distances is directly t o var-d.s oysters or other food , but

that t h e populati on mov ements ar e more in the nature of diffusion

from regions of gr ea te r s taYfi sh pop1lJ.J.a t i on density . As a result

it ap pears tt;hat s tarfi sh ar e migrat i ng up t owards the he ad of the

i nlets i n t he Sprinr, . The upstr eam population is qu i t e p os s i bl y



This has a l s o be en c onf i rme d by fi eld observati ons , Small star fish

were f oun d in Claude Wi l l iams 1 Creek and i n UP. er Pa ug h ' s a n d

Smelt Creeks . It n ow a ppe ars that t h e larg e s tarf i sh are not f ound

he r e be ca u se the temperature c on dition s i n the summer are too

rieo r ou s . Th e wr i t er has no observation al ev i de n ce , a yet , that

the starfish may move toward de ep wat er wh en the shallow wa t er

becomes too warm . o' Don oghu e , h owev er , pre se n ts some ev i den c e

to supp or t this v i ew.

f r om t hat i n t he summer . The starfi sh populat ion densi til on

shallow areas was lower than in dee per wa t er • •;ear t h e shore the

starf i s h could no t be found . Th e wr i t er is of the op ini on t hat

this differ enc e wi l l be a cc entua t e d by the, f resh wa t er a t the

Spri thaw . The s e conditions would leave t he up s t r eam and shallow

area s comparatively free from starfish. Th e evidence on this

point is Lnc ompLe't e , but that on hand all poi n t s in t he same

directi on . The picture a t present is , t herefore , that during

the wi n t er under the ice , and in t h e s ummer when t he tem perature

is h igh , the s tarfish populat i on on s ha l l ow water areas and

u pstream is reduced , but in t he Spring and Fall the move men t s

of t h e s tarfish ten d to increase t h e p opulat ion on these areas .



~.

During the examination of starfish Konads to estimate

spawning time , several ovaries were observed that contained an

astomate Holotrichi dan parasite . Only the ovaries , as a rule ,

were examined under the microscope , since it was comparative ly

easy to determi n e wh et h e r or not the eKg s were ready to be shed ,

but a s imilar obs er vation on sperms in a test is mascerat ion wou l d

be cons iderably more tr ou bl e s ome . On June 1 1 , 1935 , 1 7 female s

i nfe s t e d by the pro t ozoan . Individuals i nf e s t ed appeared to be

healthy .

Cep~de described an astomate Holotrichidan from the tes tis

of sterias rubens , which he name d Orchi tophyra stellarum . Of

ov er 6000 spec imens exam ined only 3 males were found to be i nfe sted.

On t h is basis he remar ked that this parasite is v er y r are and

i s com ll:ined to t h e males , this l a t t e r view be ing put forward a lso

i n the generic . name . Other observati ons of Cepede were that this

protozoan causes castrati on of the male , and that althouAA

parasi tic only in starfish gonad , and not found free living , this

protozoan does not die , nor is it injured by being placed

directly i n sea water .

From the writer 's observations , he thinks that the protozoan

found i n the ov ar i e s of s terias vulGaris is identical with

Or chi t ophyra stel larum Cep e de . During the summer of 1 934 some

starfish e II:S were fertilized in the l a bor a t or y and one of the

females used happened to be infested wi th Orchi t ophyra , After a week

the culture was discarded and at this time the protozoa were quite
active .

The writer differs from Cepede , however , with regard to s ex

specific ity and abundance of the parasite . It remains to be estimated

t o wha t e te t
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