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i | Mbstract - . .

The spatial and tempora'( distnb\mon of five species’ uf
astermds were examined over a one year samp'ling programme’ by means, of
a ser1es of phutugraphs taken week\y along a set tranhsect line
extending perpendicularly dov{n a sloped sybhttora'l racky bottgm', in
Logy.—BaJ, Newfoundland.. Estimates of ‘the abundance and distribution :
of three species of asteroids inhab1t1ng a more ‘gently s]oped
sublittoral plateau surmounting th\s underwater cliff were also determined
using a var'lety of quantitative and quahtqt‘lve sampling Cechmques. A

The resu'lts of systematic stud1es af selected physical,

chemical, and"biological characteristics of these habitats aré prasente,ﬁ.

~Such characteristics include depth, slope, relative %rradiance,' water’

temperature, d1sso]ved oxygen concentration, conductvvvty. and predatur
and. prey abundance and d\sthbut\un.

. Specific studies relating to the mteractidn of sea stars
with their env{ronﬁnent (i.e.. feeding, 'tht preference, puﬂ capacity,
and interspecific and intra.spe'qific behaviour), un_de"rtaken to ‘elucidate
factors affecting see star djetribution, are also‘presented.

A pre\sentathn of the effects of other specific.biological

activities on 16ca1 distribution patterns, such as niigraj:l‘en and

+ in an analysi

movement, - reproduction and growth is also given.
In the general discussion, a hypothetital model for considering

interactions between a species and its environment ﬁhat affect pdpu]aﬁan

dynamlcs and local distribution is presented. The model is then utﬂized

of locally observed ‘asteroid distnhutwn patterns in the

study area. From this analysis it -is conc'luded that the. distribution
AT . : Ty . 3 x
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Cor .ncaﬁ';:ence of water &isturbance. prey, predators, and competitors are- !
‘the major factors iff_ecting ‘the abundance-distribution 'pa_ttems ‘nf the
sea star; in the study area. A wider range of interactions .between a &
given spécies anq its env‘lrome}nt may be of s_ecbndary’_jq)orﬁnce:in_
& = T this relationship. ) . 2

.




Y one is impressed m’ztv with the knowledge gained, but
rather ,with the numerous questions still to be qnswér’eq."

Feder and .Christensen-
; !Aspects of Asteroid Biology',

in "Physiology of »Echincdemata‘" .

edited by R.A. Boolootian, 1966.
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GENERAL. INTRODUCTION

_Facturs affecang the local distribution of séajstars has long
* © been a topic of interest to asteroid biologists, and y‘et it remains one
of the most ‘poorly understood aspects of sea star hioﬂzgy. Manx authors
have commented on lhis a’re; but have failed to come to grips with the <
multiplicity of factors involved in these complex relationships.

Mead (1900) was probably the first ahthor to attempt an
explanation of the Tack of uniformity in the distribution of sea stars

at a specific location. He established that two closely related

species, Asterias vulgaris (Verrill) and A.forbesi (Dt_asor) had disstmilar
‘distributions re;ulting possibly from "natural Sarriers" within the
. er!virnmnent such as depth, density of water, and barren bottom (i.e.
¢ ’ "lack of food). -
5 . Huntsman (1918) discovered that_‘n.vulgaris was absent from
sloped areas.. This observatinn he equ:tféli to f1 uct‘uating gemperatures
on’ the. slope. R ‘ ‘
In a major research programe to contrul the oyster predator,

A.forbesi, Galtsuff and Loosanoff (1939) undertook an extensive study

; of the d1str1but1nn of: this speciés "in the waters off New Eng'land. They
‘ruled out 't'emperrature, sa]iné’ty.»vand substrate, as being impartant‘ i
factors controlling its distribution and related large conéentratianr’

. of sea stars to the presence of mo’l]u;cs. ;

K Smith (1940), conversely, in a similar-study on A.vq]garis -in.
the waters around Prince Edward Island, ‘established that 'I‘w salinity




i%a
and high temperature cal;'(d be Timiting factors, producing natural
rm‘rta'lity, but also related a high density of sea stars to a high
density of prey. ’

Recently, oth‘er authors have also related the: distribution of
asteroid species‘tu prey. H_qncnhk (1958) gives evidence that the

distribution of A.rubens (L.), is primarily affected by the distribution

of Crepidula fornicata (L.), and Larsson (1968) reiterates this conclusion

but refers to Mx’tﬂus edulis (L.) as the.main prey of this asteroid.

The effects of temperature and salinity were examined with
respect to distribution by 'Ursfn (1960), studying the.ecﬁinoderms of
ti!e North Sea. He fuundnthat temperature was unimportant 1nhﬁmit1‘ng
their distribution, w1th-the exception of one'specie‘s. Astropecten :
irregularis (Pennant). Of Ainterest in this stuq‘y, however, was his
conclusion re_ga‘rding the genus‘Henricia (Gray). Not finding that
éemperﬁture :and salinity per se accounted for its distribution, he
related their distribution to the presence of Sagitta elegans (Verrill)
water,_ i.e. water rich in nutrie‘mts. necessary to satisfy ktheir mode
of\susbension feeding (Rasmussen, 1g'55).

A number of researchers have considered the distribution of
asteroids in conditions obviously limited 5¥ salinity su‘ch as in the

Baltic Sea (Meyer, 1935; Brattstmn;' 1941; Kowalski, 195‘5; Schlieper,

1956); in brackish-water (Braf:tstrom, 1941; Ursin, 1960); and in sudder
‘fresh water runoff situations (Crozier, 1926; MacG;‘:nitie,':lQSQ; Loosanoff
and Engle, 1946; Loosanoff, 1945; Smith, 1940). )

i Verrill (1914) was one of .the first to address the problem of
seasonal fluctuation in astero_hi populations. His ‘cunc'lusions that




sea stars migrated into shallow water -for feeﬁing in the fall and
" returned to deeper water during the winter period to escape cold
surfacé temperature§, were, hn»;lever, refuted by Galtsoff and Lof:sanaff
(1939). L &
Similar annual migrations by other sea star species appear to
be w’ell‘. documented. 0'ponqghue (1924) studied the summer ‘migration of
sea stars of ti{e Tittoral'zone at Departure Bay, British Columbia. -He
£ noted that exposure to air during periods of high temperature and direct .
sun'ligim was'the most 1ikely factor controlling their migration to
deep water. Hewatt (1937) found that Leptasterias aequalis (Stimpson)
migrated ;g geeper water for reasons associated with repredﬁctipn.
The problem of exposure to air has bggn discussed by‘a variety.
of authors (sumnarized‘b} Federv and Christense(n, 1966). Recently,
Landenberger (1969) noted that the'differevices in ability -of three N L <
species of the genus Pisaster (Brandt) to cope ;n'th exposure to air
¥ . ) . has resulted in differencgs in the distribution of these 'spec‘les.
The question of substrate _a; a factor affectin§ distribution’ has
*  been'dealt with most adequately by Grainger (1966) in his discussion
;af distribution of sea stars, in the Canadian Arctic. - He showed thai
species can be divided into three groups depending upon the ‘type of
substrate on which they are found. ‘His first and' third grﬁups»compr!se
sp‘ecies that are found only on soft .and hard f:uttoms, res_pelctive'ly,
‘and his_second group includes those species which are found on a wide B
" Yange of hott(:m types. :

3 ) Hence, from previous studies, we See that sea star d‘istr'[b\mnn

‘may be controlled by a wide range of 'f:a’rameters. ‘Several criticisms;

* however, can be directed at the scope of many of these studies (but .




# i .
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notably not all). Usually, distribution has been considered in
terms of one or two factors which absolutely exclude a particular

species from'a specific hal;itat. As yet we do not have a complete

i appregiation of why abundances of a particular ‘species vary within a

particular locale, or why thé»abundqnce‘distribution patterns of
differentispecies vary. Most of these studies have dealt with the
problem of}w a species is present or absent ina ‘tollected samp'le,
and not on observatigns made withm the animals' enviranment.. Many
types of habitats, parhcu'larly rock bottoms, have received N
httle attentwn. and many species have yet-to be discussed. The

majority of authors have failed to study how a species interacts with

|- its environment to produce its individual abundance-distribution .

patterns
Durmg the summer of 1968, while a summer student warkmg at
the Marine’ saien)ces Research Laboratory for Dr. d. Berger of the L
University of Tcr‘ontc, 1 became intrigued with this pmb'lem._ F;'IT&MQ
conversations- with Dean F.A. Aldrich, then Director of the M.S.R.L., ‘
and with éi‘vérs who were employed to collect specl‘menvs for the M.S‘R.L..
I became aware that the various s‘ea star species found in Logy Bay -
had different local distribution patterns. Owing to my interest in
this topic, I'was encouraged by Dean Aldrich to unde‘rtake a Master's |
programme to attempt to establish what factors were responsible for
caus_ing thesé apparent speéies differencgs Vln distribution’,
Afte'r'congpleting an e;(tens'lve_'literatm:e survéy, I v;as a]nazed‘

to discover that no information exjsted on.the biology of sea stars

in Newfour dland waters, that Tittle information was amahle onthe

physical, chemical, and biological characteristics.of ‘their habitat,
A 4 : L
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and that li'ttl.e, if any, of the general asteroid Titerature could be %
directly applied to this topic.. Hence, I set out to study the spatial
and temporal distri_huﬁon of the various Sea stars species, the

biological characteristics which may affect ‘their distribution, and

the environmental parameters affecting this relationship.
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ystematics,Description; and Geographic Coa g

A ‘pStudy Aréa Séa Stars:
Distribution —

Seven species of sea stars inhabit the study area, five of

which could be easily identified to species, whereas the remaining

two species presented taxonomic difficulties. The Vfo’l]owing sectjon
Tists the describtiory‘, systematici, and geographic and bathymetri
distributions of the five pdsifive1y identified species. Brief .

notes on the un‘identiﬂed species are included. °

A-I  Order Forcipulata
Family Asteriidae

Species Asterias vulgari’s Verril'l]

Synunomy
"Asterias vu1gari Packard, “1863 (nomen nudum)
Astérias stimpsoni Verrill, 1866.
Asterias vulgaris Verrill, 18s6. T Av
Asterias Mﬂl’erﬁer. 1875, " ' .

)\sterias fabricii Perrier, 1875.

T A1 Description: (fig. 1)

Disc of moderate size, arms five, more flattened and puinted ‘than

in ‘A.forbesii. Abura1 surface a network of narrw barﬂke plates.with

antunese (1963, cited by Swan, 1966) states that "A.vulgaris is

conspeclfic with'Arubéns and not even separable on a subspecific basis."
This species (A.rubens) is distributéd from Senegal to-. Iceland and .northern
Norway, but not in the Mediterranean. It is also found in the south of o
the Barents Sea, almost-as far as Svyatoi Nos in Kola Bay, and in the White

“Sea. Recently. it has. been f?ound off the coast of Green]and Its bathymetr’lc-.( "

range is 0 to 400 meters.. (D'yakonov, 1950). Sy
Yo ‘ ’ ™~




'

Figure ‘1. Phxvnograp.h of " the aboral surface of Asterias vu!garis: '

"Magnifica’tlon 3 X.. Refer to ihg .tekt for descript‘loi\.
-
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. Targe meshes, making a fairly weak skeleton. : ClearTy perceptible
row of med.lan/ plates. A1l plates with one or more blunt spines with
ruugh,tip/s/;";ncirc'led by a wreath of blunt pedicellariae. Largﬁa
acute pedicellariae along sides of ‘arms, rising directly from dermis.'

Inferomarginals with conspicuous series of long, truncate spines.

" Adambulacrals with one or two long, flattened spines: Rr=‘3:1. _ Color

reddish brown, madreporite usually yellow." from Gray et al (1968).

A-1.2 Geographic and Bathymetric Range :
The geographic-range. of A.vulgaris is from Labrador to Cape

Hatteras, occupying a bathymetric range of 0 to 650 meters (Gray
et al; 1968). b ‘ it
‘A-II Urder‘ Foréipulata
Family Asteriidae s Q
Species Leptasterias polaris (r'iu11er and Traéche%)‘
Synonomy: /' : B

"Asteracanthion polaris Muller and Troschel, 1842.
K.polare Dunéan and Sladen, 1881.
// Leptasterias gciar_i_s’_ Fisher, 1930, -
/  L.polaris acervata Fisher, 1930.
A-H.T Description (fig. 2)

: [ Usually 6 rays. R:r at least 3.5:1 to 6.3:1. Aboral surface

"a strong, fairly close-meshed network, with spines which vary greatly
. T ”ﬂln size, shape, and arrangement in the different reported subspecific
v / forms. Aboral svine;, generally of stou‘t‘cohstruct(on,‘ frequently with

/ - hu]boué end\s (although in some they may be-relatively longer and

P s
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Figqré 2. ’Photbgraph of the aboral surface of Leptasterias polaris.

Magnification 3 X. Refer tq',th‘e.text'for description.
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cylindrical to the tip), and of_ten in groups of several small spyés
surrounding a larger central one, or less’ fretiuelrot'lyr;s ;Htary
.spineb of varying density. Not 1nfrequent'|y aboFal spine grnups .
with some. ssnblance of regnlanty along the carinal rows at least,
and sometimes additionally in one dorsolateral row longitudinally
along either side of.the carinals; elsewheré usually scattered.
Margina’l;'and véntrolateral spines cylindrical and Tonger and relativefy
more slender than the aborals, in 3 or 4 conspicuously rejyular .
Tongitudinal rows along much of the Tength of t"he rays.. Adambulacral
spines, cylindrical, relatively more slender and shorter than the
lateral s‘p‘ines‘, frequently as 2, less often as 1 per plate.. Sometimes
Tong consecutive series of 2-per-plate pairs of spines alternate
regularly in pos1§|nn giving.superficiaﬂvy the.impression of 4 rows’
of spines along each side of the groove." " from Grainger (1966).

A-11.2 Geographic and Bathymetric Range

The geograpMc‘range‘pf this_species is from the Ber"irgg Sea
eastward to East Greenland and southward ir_|' the west Atlan‘tic to
New England, occupying a depth‘range of 0 to 110 meters (Grainge}, 1966) . :

A-1I1 Order Spinulosa
Family Solasteridae - ”

‘Species Solaster endeca (L). 3 LB
A Synonomy: . ' )
) = Solaster endéca Duncan and Sladen, 1881.
& enggca Danielssen and Koren. 1688,
‘S.endéca Doderlein, 1900.

-S.endeca Fisher, 1911.

S.endeca Mortensen, 1927.
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A-III.1 Description -(fig. 3) )
. Rays'7-13, host frequen‘:'ly 9 or 10,R:r about 2.3:1 to B.é:'(.

Aboral paxillae small, higher than hrnad,vmore or less scattered,
with fram at least 4 to about 15 spines. ' Inframarginal plates
larger than supramarginals, transverse]y elengate. Supramarginal
_paxi'l'lae un'ly a little larger than adjacent dorsolateral paxﬂlae,
but clearly d‘istmgu\shable from them. - Inner adambulacral spines
set in the groove, from 1 or 2 to 4 in number, puch shorter and less
conspicuous than the larger outer adambulacral spines. These, in )
transver_sely p]acedvr‘ows, vary ﬁ-om about 3 to 7 or 8 in number, the
innermost épines the 'Iangeﬁ .;nd stoutest, the outermost the srv;allest.
Tube-feet in 2 rows. Oral interradial §paces with pax\"lla'e‘." from

E Firai_nger (1966). . . §

5 A—-I!I .2 Geogréphic and Bathymetric Range

Th1s species ranges from the “eastérn arctic to the Kara-Sea,

south to New England in the ‘westel Atlant‘lc. and south to the Briﬁ'{:h

Isles'in the-eLstern Atlanﬁc‘. Iq'the eastern Phcif1r{ it ranges from
Point Barrow,: A'laska, south to Var;couvér Island. Depth range in
northern Canada i§ 18 to s meters (Grainger, 1966)
A-1V -Order Spinulosa F

Family So'l‘asteri'd‘ae
Species Crossaster pa Egasus (L)

1Many authors. donot differentiate between the-genera; Crossaster and
Solaster; however, convincing arguments by D'yakonov {1950) based on
differences outlined by Fisher justify the .usage ‘of. the genus Crossaster.
Recently, many authors have used'Crossaster papposus as. the name of this -
species (eg. Castilla.and Crisp‘ 1970; Mauzey et al, 1968; ‘and Feder. .
and ChHstensen, 1966




. |
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- Figure 3. Photograph of the ‘aboral surface of Solaster endeca.
G mgnificaélon'3 X. Refer to the text- for description. )
-
. L
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Synunumv : . ' . b ) »
"Crossaster DAppOsUs Duncan and S'laden, 1881
Solaster’ papposus Doderlein, 1900. ’
S.papposus ‘Grieg, 1907." ) -
$.pafposus Fisher) 1911,

'S.gaggosuerortensen, 1927.
S.papposus -Heding, 1935.

A-1V.1 Description (fig. 4)

o ’ Eight to 16 rays, most frequently lo-]Z.}R:r about 1.7:1 to”
2.7:1. Aboral skeleton an open reticulated network, with.-up to 50
spines per-paxilla. Inframarginal plates with a single conspicuous
row of paxii]ge; supramarginals almost indistinguishable ‘from aboral
paii‘llae. lnn’er ad‘anbulal:ral spines arranged parallel to the groove;
numbering usually 5-4, occ;asiunally 2 to at least 7; outer adam-
bulacral spines in rows at right angles to the grom‘le numbering
usually about 5-7, rare'ly 3-9. bral'plates with 6-!‘1 margina:I spines.

" Tube- feet in 2 rows." from Gra1nger/(1966)

A-1V.2 Geagraphic and Bathymetmc Range
‘C.Eapglosus is an arctic boreal speciesrextending southyard to-
40° N -(apbroximately New Jersey) 1'6 the western. Atlantic, and to Great =
.B'ritain in the eastern Atlantic. In the Pacific, it extends to Vancnuver‘
" Island and Japan on the eastern and western sides, respectively.
has an extremely wide hathymetr(c rang? of .0 to-1200 meters (D' yakanov,
1950) o . . i
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L]
X "?1gurg 4., Photograph of the aboral surface of Crpssaster papposus. *

Magnification 2 X. Refer to the text “for descvr-iptiun.
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- A-V Order‘Spim‘llosa
) Family Echmasteridae
Species Henricia eschr‘icht:{.I (Mu'('ler and Troschel) v
Synnnon\y
"Echinaster eschnchth Muller and Troschel, 1842:

i Cribrelfa oculata Duncan and Sladen, 1881. ' ad

Henricia eschrichtii- eschrichtii Heding,. 1935.

Henricia eschrichtii eschrichtii Grainger, 1955.

A-V.1 Desc‘ription (fig. 5)
Five rays, R:r about 3;‘1‘ to 4:1." Aboral skeleton irregularly.’

* and closely reticulated, -dorso1a£era1, marginal and oral surface
skeleton fair].y regular'ly'lw;bricated, with papular areas much L

narrower than plates.v Carinal plates-not réadily distinguisnalgle.

Abora’l paxillaé with about 4-40 fa1r1y small.spines with usually 3 or

4 latéral’ ridges extending beyond the tip as a crown of 3 or 4 i e

diverging points. Marginal p’lates Targe, ; pi » in even imbri
r‘uws and 1in close contact with adjacent ?pw;, Adambulacral plates with
usuaHy 2 (sornetwes 3) transverse rows of ‘about S—IB spines, the ..
 largest near the groove. Tube-feet in 2 rcws" from Grainger (1965)
A-V 2 Geographic and Bathyvﬁetr‘lc Range
Since l![l{ch confusion has existed with respect to the identification
of this species, its distribution %;’difficult to determine. Grainger .
(1966) defined its North Amer'ié%’n distribution as being'frum Newfoyndland
to Baffin Island,' an;i having a. depth range of 14 (sic) to 148 metgrs:

§1nce difficulties in identification of this species exist," specmens
were sent to Grainger who conﬂmed my identification. .

>
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Figure 5. Photogrlph of the aharal surface of Henricia Eéchrlchti.
. Magnification 5 X. - Refer to the text for desgripﬁnn
— . + -
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) T A-VILL Un1dent1f1ed Speues
of the two unidentlfled speclé’( Jone is n\o;t defmlte?y a
species of the gends Henr1c1a (fig. 6). . Since mgnbers of this genus
‘ have proven to be "chronic sources of trouble to s'tudenfs of the
group in northern waters" (Gralnger, 1966), an intensive effort to

Y ° 1denhfy this spec|es was undertaken. lt was felt that this spe€1es

most:closely V'esembled H.scabrior (M1kha11ovsk11), but demonstr-ated &

. several-characteristics which did not,agree with the description by
2% Grainger (1966)Jor th’is s‘pecies After examining severa'l of these
1 q speclméﬁs, Dr. Gramger (persona1 comnumcatlon) commented:
"Your H.scabrior I must quegtvon, although'I cannot

give it another hame. - Either it is something not
yei: na}ned or’ H.cabrior has wider'§tructura1 'Ihim‘its
: ; than 1 once thought " O '

' Y Smce 1dent1ficatmn of thvs species . is unclear, it is referred.

% " to as™Henricia sp. thraughout this thesis.

. A similar s1tuat1on existed for tha other unidentified 'species
” K _l e »(fig 7). Based on a number ‘of taxono;nic characteristics, it should - ‘
I:e asslgned to the gerus Lehtasterlas however, positive SR&CIES
5 identiﬁcatmn could not be mada Since specm\ens of this species E
& z" :losely resemb]ed juvem'le Asterias vu'lgar!s , both observations of .
. th1s spedes and of Juvemle A. vu1gar|s are excluded from thls thesis”

to avmd confusion. . sy

" 15pecimens of thls species were also gxa’in"‘ed by Dr Grain&r aqd he
. o too was uiiable to,positive'ly identify them. 8
Undematgr observations of this species brooding eggs in a manner
L s;mi’lar to‘L .hexactis (Stimpion) (Chid, }9 62 demonst;ateg that. i
. these specimens wereé not variant of A.vulgaris, a'non-brooding species.
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Figure 7. Ph:;tograpﬁ,uf the aboral sur‘f'ace of Legtasteriés SPy
o _ Magnification 5X. .
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B. * Study Area

B-1. Introduction

- Selection of a study sitg was governed by three mfu'or
:ritenéia which were necessary in order to carry out this study.
1. A habitat was required which posses_sed a large depth gradient
so t)‘mt‘ the distribution of asteroids could be considered over
a range of physical, chemical, and biological parameters.
2. .A hirgh diversity of asteroid species was -requ|réd for inter-
' speciﬁc conparison. i
3. In arder to e’liminate proBlems of transpartation of equipment
and personnel, ‘a close proximity to the facﬂines of the M.S.R.L.
was required. ' d
An ideal Tocation according.to these criteria was found at the
head of Logy Bay, a bay facing northeasterly into the North Atlantic.
The geographic centre of this study area had coordinates of 52° 40" 54" W
lungﬂude. and 47° 37" 37" N. latitude.
Bmmdaries of the study area (fig. 8) were ‘determined such that L
a uniform suhstrate of red conglomerate bedrock characterized all
portions of the study area.  Based on topographic features the study
.area was divided into two major sections: i
14 A.‘ Shallow water plateau, roughly rectangular in shape, which
extended seawards from Mad Rock"lg-zu ‘meters having a width of
20-30 meters was named tl;e MAL zone after its three }najor ' A4
benthic componants, Mytilus edulis, Alaria esculenta (L) and

.' Lalmnaria 191 ta (Huds. )
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Fligure 8. ‘l}rawing of Logy Bay sﬁouihg the lnéaéjon' of  the stydy area.

1 A - MAL zone.
B - Cliff area
C - Sand bottom
. ) )
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A sloped area of bettom extendmg from the edge of the phteau
at approximately 7 meters to an almost Tevel sand bottom at -

31 meters. Since no benthic components were dominant over the
entire range of the slope, this area was named the CTiff Area
after its dominant tapngraphic feature.
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B-11 Topography V " ’ ST

B:IIL1 Materials and Methods A

B-II.1 (i). Transect Line (TL) g ' ¥
Ir; ordér that a point tl:f réferem:e existed for the various

div*in'g sdrveys undertaken throughout thé,caurse of the ﬁ'eh} studﬂ,‘

a tranggct' 1ine was positioned in the cliff area?,

i . }

]Note the importance of the TL is nnt restricted to its usage for
merely surveying the topography of the c1iff aréa but as a key
reference point for other surveys-.administered in the cliff area
mc'luding surveys of biota, and asteroid distribution.

2 The TL was not extended * lnte the MAL zone because of the Mgh
water disturbance, per’lodwally character‘lzmg this zone, which -
would have dislodged it.

%




Lo

The' TL was a %" braided ;zq}lyprop,»"]ene rope v}hich was held

securﬁto the sand bottom by means of a large bur'lapvbag filled
with sand. To ensure that:the rope did not move on the vh:cky
slope, the TL was affixed to ‘;f:mn;e steel yitun’s‘l (Hiatl:t PN7)
which were driven into cracks on th:ﬁ r?cky slope. In total Coe
Tength, the TL mea;ured 36 meters and extended from a dépth of
avpruximatel} 9 meter to a depth of 31 meters (the horizontally flat
sand bottom). The TL was aligned so that it ran down the gradient,

" parallel to the incline. At intervals of 1.5 meters, ntmberes
laminated plastic cards (2" X 2") were attached to the TL by means
of short len;ths uf nylon cord. In order ‘to maintain the nylon
cord at a fixéd pusvtwn, a small quantity of "Sea Goin" poxy ¥ H
putty wa.s,,phced at 1ts 1ntersect\on with the TL. Thus when

pomp'leted, the TL corrsisted of twenty-four 1.5 meter segments -

"(caﬂed transect Hne quadrats, TLQ.s), numhemng from 1 to 24[

" 1ncreas1ng n/ umerically from shallow to deep water.
% - »

Smce the untreated pitons were found to corrode in sea water, -t
they were-sand blasted and coated with carbo-zinc paint. =




. B-II.1 (ii). Depth
Sincé an annual tidal height range of 5.2 feetl exist.ed,i

in Logy Bay, the top of Mad Rm:l(2 was selected as the surface level.
Measurements of depth were marked on the TL at depths of 10, 15,

20, 25'and 30 ne/ters on July 6, 1970, a day when t)_ne surface of thé
water was flat calm. The tidal height at‘ St. John's at the time

the measurements were taken was 1.2 feeta.

; A measuring Tine was 4

attached to a-surface float and marked at one meter intervals

'_ _with tape, and at 5 meter depf:h-interva'ls with a tied loop.

) | To deterine the position for each 5 meter depth marking, .a
hmk.atﬁched to a diver's lead weight was hx‘mg‘ from the required
Toop. A piec’s of string was tied around the TL ;t the position wher; .
the lead weight just touched the bottom when the rope was taut and .
perpendii:uhr to the surface.  Each 5 meter depth mark pus‘itioﬂ was
recorded with respect to t_he TLQ numbered tags. The depth of the

" sand bottom was measured from the taped one meter intervals with
the weight at the 30 meter Toop. Tt!is value was later Veri,f|éd by

use of a sounding line from a surface vessel.

“B-IL.1 (iii). Slope .
To accurately determine the angle of inclination of the
irregularly élope& study area, measurements of both the length and -

'thve sTope ofNevery' differently sloped bottom segment had to be

Tcanadian Tide and Current Tables, Vol. 1, The At]anti: Cuast and
Bay of Fundy: Canadian Hydrographic Servfce. 1970 5

k szgure 8 shows the location of Mad Rock, near the upper end of.the . s

* TL. 6enerally, it is exposed at low tide and covered at high tide .
(under calm water conditions).
3s in 1.




29

taken. mth the c'lmumeter (f'lg 9) he'ld paralle] and adjacent to

the TL, the d1fferent'|y sloped regmns were measured and recorded

© owith respect to the TLQ numbered tags. Fig. 10 shows: the stepmse

" procedure for measurh\g the ‘lrreglﬂar s]upe at-TLQ 3. Cli’numeter
readmgs (x)y because of the pos'man of - the prutra;tor, "had to
be cunverted to angle of -inclination (s) by the furmula,

9-90"-)(




s

: F°|g1;r'e 9, Diaéram of glinometer.,

a = protractor
b - plumb Tine

c- §éq1e' marked every"'l_ﬂ’ m on dexion’ frame
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Fijure 10. piagramahc representation of -the stepwise procedure for

determining the slope of an irregular bottom .(TLQ 3)."

The clinometer was positioned such that one end was flush’

with the numbered tag at TLQ 3 (A), ‘and the di§tance (to

the nearest 10 cm) of uniform slope was measured (here,

.0.8 meters). Angle as meas;red‘hy the ‘c]ir‘mmeter (86°)

was.regorded. To determine the’angle of inclination (8),

angle (x) was subtracted from 90°, i.e, 8 = 9(!v -x B . "

s’hqws the’ measurement. of the n;xt si%pe (i.e. the distance .

from the last meas‘ureme‘nt to- the ‘end of the.nex/t‘ unifofm

“ of G ol | segment) and clinometer reading. Values were 9.7 meters and
Of’ (x) or @ = 90°, Similarly, C'shows;me;syre‘ment’ of the

o next slope from the 'Ias_t measurément to, the Tl:Q .4 marker
tag. Values were 0.3 meters, and 779 (3() or 130,(9.)' 5 o
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B-II.2 Results_and Discussion
B-11.2 (i). MAL Zone s

Except for a few trenches displaying the northeast strike of

the red conglomerate substrate, the/[‘lﬂl.,,zone was almost uniformly

flat, inclined at g/s'light/aﬁ/gi‘e' so that deptﬁ of the plateau

ranged-from 3 meters at the base of Mati Rock to.a maximum of 7
//meters at its perimeter. It had an approximate area of 600 square
meters. . ', e . »
B-1I.2 (ii).’ Cliff Area . .
fhe sloping bottom of the cliff area was inclined at'a mean
angle ‘of approximately _40° to the horizontal; however, four major
| areas of differing slopes could be clearly récognized. These areas
. i were designated B, C, D, E. From p.fmeters depth to 12.7 meters,
(area B), the red conélomerate substrate was gently sloping having"an 5
an§1,e of inclination of 31° to the hérizq,\t_al. A similarly s]opéd
area having an angle of inclination of 28° was ‘also present in the
20.5. to 24.0 meter depth range (area D). Between these gently ~
sloping areas (i.e. 12.7 to 20.5 meter.r@‘pge), the bottom was mn‘re
- steepﬂl inclined (54°) (area C) and a similarly stegp]y-sloped

(5]0) area was present between 20.5 meters and the sand bottom at

31 meters (area E). L

This pattern of alternahng steepiy sloping and genﬂy sloping

areas”\s shown in fig. 11, a cross- sectmn of the cliff as measured
along the TL. The slope and depth of each TLQ is shawn 1n Tab'(e 1
The width of the study -area was determined by hori zuntal

hmmdanes of each equally sloped region. The boundary of zones 1ncrea§ed
. 5 % ¥




-:’Fi'guu_ ) | (8 Line draw(ng of tha chf profﬂe sthg tho Ioculm nf

TLQ's. - Vertical scale is 1n neters.
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Table 1. Dep?.;v—shpe data ﬂ‘)r each TLQ. "~
;iote: ) . " . .
1. Both slope .a{.ld depth for ea;h TLQ are determined from
“Figure 1. o e
. 2. Depth measurements were taken from the mid-point of
N eahta, ‘
3. - Slope was, determined by joining adjacent TLQ numbers

and measuv;ing‘the‘slope of the resultant Tine.




s o

TLQ Number  Depth (meters) Slope (degrees)
" 9.0 2
‘ 2 9.8 47
b 3 10.5° 3
/\ 4 v N5 22
5 2.0 28
6 12.8 43
7 13.9 52
8 5.2 56
9 6.4 56
10 Fe o 56
n 18.9. 56
12 20.0 36.
13 20.9 ]
14 21.6 19
a5 22.1 20
1 28 a7
a7 us5 . 17
% X NG A
19 - 2.2 55
20 26.3. 62
2 27.8 5
e 8.7, a4
2 RN n
2 30.8 . 48
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with depth such that the horizontal boundaries of the stydy'areq formed
a trapezoid configuration with the shallowest zone béing approximately

25 meiers in width and the deepést zone being 50 meters wide.

B-III. Physical and Chemical Description
B-III.1. Materials and Methods

Temperature, conducthhty and oxygen rneasure;»ehts were taken
on a weekly basis whenever possible. From August 6 to November 27,
1970, these parameters were measured either the day following the
photographic series as described 1ate}-, or, when this was not possible
because of ﬁrad weather conditions, on the next possible day. Apart
from two occasions in January 1971, the weekly series of measurements
of‘physical parameters were discontinyed until May'5, 1971 uwihg to
bad weatherucnndih‘ons’.I Througﬁout May, 1971, physical parameter
data were again taken the day after the photographic series‘f During
the months of‘ June and July 1971, these parameters were measured on

the sameday as the photographic ‘runs.

B-III.1 (i). Temperature, Depth and Conductivity (T.D. C %"

’ These parameters were measured using a Martex Mude] T.D.C.
Metering sy_stem. This system cans1sts -of three major cemponents .
a transistorized battery-operated readout module wlth' a dual scale

. for depth and teﬁlperature, and a sevai‘ate séale for conductivity;
a 200 foot mul}i-ccnductor undeh:laler cable; and a sensor unit

Measurements of the physical parameters were also not taken during
this period because the T.D.C. Monitory system did not operate below
00C, Underwater témperature measurements were taken, however, during

this period usmg a thermometer mmediately following each: photographic - s

serijes.
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cons1s'ting of a thermistor, a Bourdon tqbe potentiometric traniducgr,

and a platinum-coated conductivity. cell. The ranges of the T.D.C. o

systep were 0° to 40’°C,‘w1'th an accuracy of +0.5°C (tempgraturei;

0 to 100 metzr‘s.}with an acchracy of +1.5% (depth); and 10 to 80

mi]1imos/clr;., with an_accuracy o.f + 2% (conductivity).. '

Procedure: ’

Before beginm:ng the use of..the T.D.C. monitoring- system, . ‘o
- - » B " o
the system was standardized against a 3% solution of NaCl, and an \
accurate thermometer, and al1 components were found to read to the

desired accuracy. .

.

Field Operation , ’ W o .
‘ The cable of the T.D.C._ ma‘gi.toring syst‘em was marke& at intervals

of 5 meters b'y ‘use of plastic film tape. P‘rior to every use of the
T.D.C. monitoring system in the fl‘e'l‘d', the system was. zeroed using
calibration plug‘s of a specified resistance. For field operation, th;z
sensors were placed within a protective sensor mounting tube and
weighted with five pounds of ]ead: The-sensors were lowered. over. the
si.de of the boat! unti1 they were Just submerged. ‘Readings were

" taken in this order: depth, tempérafure, conductivity. The values
were recorded. on sheets of Crona-flex film. The sensors were next

! Yowered to the ‘first marker (5 meter‘s) where the me;surement and
recording precedure were repeated. Simﬂﬂ_ﬂy, measuv‘en:ents were taken
at’lﬂ m.‘, 15m.; 20 m., 25 m.,_and 30°m... The maximum depth in the stud‘x

. area was 31 m. To sample theserpérametgrs, the 1in€ was permitted to .
; d 3

. . 5 :
15§fers to either the M.S.R.L.'s "TEAL"; a rented trap ‘skiff.‘ur a

v
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I;ecx;me s1a1;k. The T.D.C. values' were checked _as_the sensors were "
'Hfted and returned-to the surface, stopping at each\s meter Vnterval
: blhen a discrepancy. between the 'descending' and ascendmg values
) occurred, the whole procedure was repeated, beginning again at the

surface.

" B-IIL1 (4], Dissolved Oiygen. Deternination
’ Water samples were taken at 0, 5, 10, 20, 25, 30 and-31 meters;
’usmg a Van Dorn water sampler D1ssa1 ved oxygen concentrations were
determined using a qu1ﬁed Hmk]er procedure as outlined in Stnckland
and Parsuns (1968) with the foﬂow(ng mudifn:atmns
1. Inplace of 300 ml. .B.0. D bottles, 250 ml. reagent
bottles‘ wh\'éh her a samp]e volume rangmg from 280~295 ml. were used.
Glass. stoppers were modified (i.e. 1nserted end cut at angle) so that’
no air would be present in the water samp'le
2. By use uf 5 ml. automatic pipettes (P2023), 1.5 ml.
quantities of manganaus sulphiate“and a'lkuhne potassium mdide were
added 1mmed|ate1y after 'filling the f‘@agent bottles. Slmﬂarly, 1.5 ml. .
of sulphuric acid were added after the samples had been removed from..
;darkness and been. allowed to warm to roon temperature. T ¥

o 3. A 100 ml, treatgd sample was mnsferred to a conical

2

Iflask via-a mad1f1ed volgmetrig ﬁask. ' e
4. Fisher-certified concentrated solutions of sodium
thiosulphate Were used to make qp’l Titer of stock solution:of. .

0.1 N Na,$,0; rather. than usin§ dry thiosilphate crystals.” Stock:
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su!‘utions wére diluted to 1 Titer unanti ties of‘ 0.0125_ mn‘malﬂ:y.l
’ which were used for. t(traﬁon, /
i 5. Standardization of thiosulphate was performed every t1mé
a new solution was made up, using a 0.0125 N solution of potassium
dlchromate as described by Bames (1959), to ensure that the
concentration of Na25203 was exactly 0.0125 N. ,Each sample.was titrated
using a Metrohm Herisau Dosimat, an el‘ectrical!y operated 25 ml. burette.
The digital scale of the Dosin\,ét vead-out .the number of nlls. of titrant

used “to two decimal points.

TIns concentration of ‘-sodlur‘n thiosulphate was calculated from an
equation in Barnes- (1959), in order that 1 ml. of titrant was
equivalent to a cﬂcentratwn of 1 mg.~ of dlssolved nxygen per htgr
of sample (or.1 pat per mi'ﬂion)” .
¥ je. * -
¢_ n-F-1000 where C is the oxygen content in
e
n -is the volume of NayS,0, in Wl
- . F 1is the normality_of: thiosulphate
: ~f jis the volume of the sample

Let Co concentratwn of d1ssulved nxygen in the sample. in mg. I1ﬂer.

Smce G = c, \‘.he equation becomes CDf . _n-F-1000
a ™ . " " 16 - il .

Therefore; Co TonF100° ‘8nF1000

Smce = 100, therefore Co = 80 nF

Let Co =n (in order that the concentfftmn nf dissolved dxygen be
equivalent to. the number of mls. of thlosulphate

Then 80°F = 1andF-1‘-00125 T \
i B

Therefore the nonnath of thiosulphate \requlred was 0.0125 N.

mg-atoms 02/1 iter B . . ‘




B-II1.2. Results and DiScusst

S 3 - .

,“ 9 v
’ B 1.1 (111) Relatwe Irradiance (RI ) . . 3
X 1

Measurements of R.I. were taken using a-relative 1rrad1ance :
meter mqnufactured by Hydr): Products (Mode'l No.' '420) wh'u:h co'l'lected
values of light intensity from two sourdes. an underwater photo—

e'lectnc sensor (sea ceﬂ), and a g1mba'|'|ed surface phatoe]ectr‘lc

setﬁor (deck ceﬂ) Va]ues whlch were read nn the surface monltor o

were " an expression of the sea cell sensor voltage as a percentage of
the deck' cell sensor Voltage, thus giving relative wradmnce.
Cali‘brat'ionva‘ad operation of the system was car;ried out- as ontljned
in ‘the "Operatwn and Mamtenance Manual" wh1ch accompamed the.

R. !. meter.

9 z N .
Field 0 eration R . . ) -

“ prior to and after each usé’ oF the meter, its accura:y was

checked using a numher of caqxbrated screens whlch a1'|owed hght of

a spemf\c intensity to fall on the photoelectmc sensor of the sea -

cell. co g ', SO

The cab]e bemg marked as the T.D.C. cable, was Towered over
the Side of the dory. such that the pos1t1on of the sea cell was -
hnhzontal and f'a;mg upward. Measurements were taken over the"sand

bottom area at depths ‘of 5, Iijs’ 20,25, 30.and 31 metars. .
) <
L s Y :
i F z 3
B-,I{I.é ('i)“ Teryperaturé ' ’ SR

N

Fig. 12 sumanzes the temperature reglme of the study area, showmg

temporal- changes in temperature as expenenced at 10, 15 20, 25 30, and
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31 meters. - Data, from which fig. 12 is drawn,.are Msented in

appendix A. The yearly temperature charactéristics can be: summarized

as follows: 0

1.

2:

3.

8

5.

-6,

Pronounced cych'cchangesdn{emperature ranged from a yearly lsum:m:v:l
maximum of 13.2°C to a winter minimum of -1. 5°C.

A gradual coohng took place following the yearly maximum in

August until a minimum of -1.5% was established in qanuary.
Following the minimum which lasted throughuut February and‘Mar’ch,

a gradual' increase returned temperatures.to near ithose of the

prekus year (1970) . S e

Thermal stratlf\catmn was poor]y established for most of the

year.” From October 15 to May 26, the maximum vertical tempera-

ture range was 2°C. e : ®

For the period} June - September,-a variable degree of therma'l‘
stratifilcatinn occuirred v"ang'ing from an almesc‘isotherma'l ;unditiovg
(July 14) to a pranounced thermocline Augu;t 6; showing a.decrease
in 'temperature of 5%Cover a 5 meter depth interval. ‘
Temperature ﬂuctuatwns may be very sudden during the June - “
Sevtember penod, establishing thermoclines in the study area fer
very short periods ‘of time. Readlngs taken every minute for 16- mms.
on August 14 with the probe restmg on the bottom. showed a range

of #.8%t08.5%¢C. P !
In general, thermal stratification did occur to some extent dunng
the temperature maximum period but the thermocline appeared to be

deepev; than. the study Srea for the most part,



. as shown by temperature, ie..a small range in October - May, and
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“B-I11.2 (41) - Salinity (Conductivity)

Conductivity readings are not presented because of a suspected

hreakdovm in the probe Although. the probe was calibrated e]ectrnﬂica‘l'ly

befnre every operatmn, -values,. when p]otted’over the year period, showed

a gradual decrease. When calibrated again agamst standard solutions

“at the end of the study, ‘the probe was found -to be read\'ng'appraximatﬂy

5 millimhos/cm. too low. This decrease invefﬂc_fsyj appeared to

take place over an extended period of time; hence the values could not

be corrected. A.study of the ranges‘exhigited by conductivity between

2 . e
10 and 31 meters of each sampling date showed a similar annual yar1ation .

- larger range from-June - September.

B-III.2 (iii) Dissclved Oxygen Concentration

Fig. 13 outhnes the dissulved oy«gen t\me rehtwnship at

’ depths 10, 15, 20, 25, 30 and 3] meters. Data’ from which fig. 13 was

‘drawn, are presented in appendix C. The yeaﬂy dissolved oxygen

regire can be summarized as follows:

1.

Dissolved oxygen varied inversely with temberature; hence, . the

02 ~time curve is a mirror image of the temperature‘tempcra'l
distribunon

Little vertical straiificatipn was shbwn d;xring the manths October - ’
Ma_y, whereas varying degrees of vertlcal ;tratihcntion were shown

durmg June - September




: ‘Flgure 13. _Ay\hual- 'dj‘sso'lvedvaxygen cencentv‘ati,on“ regime.of the study T X

area a:t six depths. Data are présénted in Appendix.C.
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* B-II1.2 (iv). Relative Irradiance

Light could not be measured on a regular Pas'is because of
problems associated with a m’a'lfunctinning R.I. me’ter-.On‘Iy one sampling
;- series is s‘hov’m in t_"lg. 14 which was taken July 20, 1971. To determine
the relationship between Tight and depth, the R.I. (y) and depth (x),

" data were fitted to the equation y = aebx using the Wang Computer

programme f(‘zr' least: square fit. The'derived equation was y = 51.0e']x
with a correlatfon coefficient of +993. Periodic changes in RI took
place over the course of the: s‘tudy, but’ the importance of these chénges
c‘annot be assessed quan‘titativew; ‘Factors such as angle of sun, cloid
cover, and presence or absence of “suspended material and dlgal blooms
may alter this pattern. i In suma_v;y,_na assgssment of periodic changés
1n relative irradiance coulq be monitored. Data ‘for this series is
presented in appendix D. ’ ’

B-111.2 (v).  Mater Disturbance'

., Intrad.uctiun .
P A vériéty of r;easonsz prevented a systematic study of this

parameter durlng the study period. Henceran a]tern?te strategy wa’sr

employed of uhhzmg previously published data and applying the

theoretical knowledge of. waves to determme re1at|ve values of water

The term "Water Disturbancé" is used throughout this thesis.as
meaning any movement of water particles that would bring a force to .
bear on an aéterold iy

The ma,wr factor preventmg such a study was the unavaﬂalﬂhty of
equipment necessary to carry out a detailed sampling programge to
determine the spatial and temporal changes in this parametzr.



rapn dep!cﬁng the maxinmm vertica1 strat*lfu:ation of

: ?hemperature. relative Irrad'lance. disso'lved nxygm ooﬂcen- g e
tration, and conducﬂvity in Hle study area.’ Daca are
presented 1|| Apnendices A, B; C. and D.
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disturbace n different locations in the study area for various times:"

of the ye.-;r. The fu]'lowmg three re'latwnsmps with respect to water

disturbance were considered:

1. The effect of depth on degree of water disturbance.

2. The effect of topographic features of »the bay’ (with particular .
attention to the study area) on the diétributiun of .water disturbance
within the study area. : -

5

Temporal changes in the amount of watef disturbance present in the
study area: ~ ' 7

S‘Incé water d1sturbance, as'def;ned (see footnote), would involve.
a wide range of causal factors including currents, tides, and wave

dynamics, the difficulty in deahng with. this factor would, be enormous.
Therefore, anly the most inﬂuentlal

factor, wave dynamcs, 1s
considered in this d1scuss|on

1. The Effect. of Depth on Water D1sturbance

The -wave theory developed by Stokes (1847) and Lamb (1932)
based on an ideal fluid, states that the free surface of the wave

approx{mates the form of a trm:hmd " ‘Water part1c1es ina wave,‘ the |

form of a trochmd, according to Sverdrup (1942), des’cribe circles which
decrease in radius and-velocity with increasing depth accordingvto
1lowing equations: o '

this disc rolls along a level surface." (Sverdrup et at

“The curve which is formed by _tﬁe motion of a point on a ‘disc when »
is di » 1982,.pg. 526).
L



. r= ae"z‘f‘ .
v= ir_ ae'mlzf ;

r = radius oftircle = -

a = amplitude of wave i g % i e T

L =‘§:ave Tength G .

T= per.iod. of wave b i o * !

z —.depth i ¥ ’

ve'locity o '

Frmn these equatiohs |t n:an be seen that not only dues water

decrease exp t 1y with depth but also that water :
movement at a particular depth is dependent upon wave- characterist{cs
Such_as wave length. period, and amplitude. Th!s latter relatwnshjp
means -that ‘short period naves have a greater proport’lonate effect in e
shallow wat.er than in deeper water man would long period waves. Singe
short period waves (ie. 14 sec. waves) ‘are of more frequent nccurre;lbe' . g ¥
than long period ua\.:es (8'sec. or: gm_ﬂkér), the effects of depth on
‘water distubrance is again magnified when considering the accunulative

',effects of water disturbance over a year period.

.2, The Effect of Topugraphic Features of. the Bay on D1str1bution nf e E
Nater D1sturbance. ‘ 3 5 N ‘ ’

“In the last section, the depth-water d'sturbam:e re'latmnsh‘lp

- was considered withoutiapy cmsideration of the effect of the bottom
on wave characteristics. This section deals b:ﬁpriw with-the relation*

ship between slope and water d‘is'turb‘ance.



. Since the coastline of Logy Bay (fig 15) extends in a ncrmerly
direction on one §ide (Red chff) and in an easter’ly direction on the
other, “the effects of waves from the northeast were considered to be
the most ]_mporunt. Waves frm Ithe northeast d’lrectmn having periods
of sev‘en seconds and nine ,éeconds “{mpinging on-the study area were
considered-in terms of. both’ the - reflec‘tive and refractive‘characteristics‘
of the cliff. By. means of a series of calculations, it was detemined ’

* that the c'hff had relatively no réﬂective effect on an 1ncoming wave.
As the wave passes in over the ¢1iff, however, the wave would\m{:‘
be refracted inwards towards the cliff onto the plateau. :

“ Waves from the north and east would also contrlbute wave "
components that move across the plateau. Many of these cumponem.s
woisld break in the area of Mad Rock. Runback résulting from the .
transportatlon of the uater mass onto the plateau would tend to run :
off the ‘Plateau, down the c’Hff, mto ﬂ|e trench at the base of the
chf. and conﬁnue in a northeaster]y direction nut of the bay. This
pattern wauld tend to explain‘the sand build-up at the base of the cllff
As water moves down the slope:it would tend to be tur(l_ed outwards at
the_steep slope changes, and-the outflow at the trencé’ bottom. Hence

j_ areas of steep slope (area C and E) would tend to have less.water disturbance.

per se than areas of ]esser s]ape due ta runback down the cliff. e

3 Tempura1 Changes ‘ln Hater Disturbance.
Ca1culatinns of the aiount of wave, energy entermg Logy Bay

“ from the east, northeast, and north directions were made with a
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planimeter from Wave Spe_ctrumlcharts, published by the.ﬂedfor)i,_,
= . . 5
Institute based on 1970 data (Table 2).) =~ - -

.
These relative v_élues show that the major pen‘o}; of hi§h wave
‘ene‘rgy‘, qccurred during the August to April period.. During the' period
‘from May. to Auguﬂst no energy vwas contribﬁted to, the study area from
’.tﬁis sounce'; Péak water disturbance occurred duringpctober"énd aga“in'
in ’March ‘and Apfrﬁ. M;arc‘h and April m‘ay have been affecrted by ice

Eonditions to reduceTThis effect within the bay.
gEf !

Summary and Empirfcql' Dwind‘Ev‘i dence N 3 ? £ .
Based on théorefiéa] co’mputations, the }lmauntvof water ‘

disfurbance'v{ifhjn the stu_dy arga would demonstrate.a large degree of

- variation ac’éording to. depth-water disturbance, slope—water*

d1sturbance, and tnne water disturbance relationships.

Di ‘ng observatvons indicated the validity of each re]atxonsmp
During permds of high.water dlsturhance} .the decrease in the amc.unt

of water dlsturbance with depth_ was mnst; 1dent. Many stud1es in

the MAL z0ne and Aréa B(an the c'hff were prevented because of high
water d1sturbance, but stud1es in areas C, D, and E would be carried
out very easﬂy. i The pract\ce of dwmg under _depths of high.water
dlsturbance was often followed. . * i

Decreased water d1sturbam:e in areas. of steep se@pe was supported'
by the ahumt of depris in gach area. Most ‘evident in thvs re1at1onsh|pA #

was ‘the high number of mtﬂus edu'Hs she]ls found on 1edges in areas

C and E (steep areas) as’ npposed to the Tow number of shells observed,
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Table 2. H_'ave‘ spectrum energy entéring Logy Bay furj éach month of the . .
y year (1'970).' » ; v .‘
32 &
o . - Since the values of Wave Sp'ectr\n Energy are galculated by
‘ . ““means of a planimeter from Wage Spectrun Charts, no specific
units‘caﬁ bg given to these values. Values jndicate relative
amounts of energy entering the bay ‘for’ each-month. =
B . 2B E
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B N
‘ ~ , Month NN e Total
L amary’ 000 001 001 002
. L February '0.00 . 0.00. 0.00 ) -.0.00
& ’ March 0.3 0.0z 0.2 0.07
: . hpril 0.05 0.1 0,02 0.8
) May 0200 0,00 .0.00 0.00
% June - 0.00 ;0.00 - 0.00 0.00
©  aty 000 0.00 0.0 0.00
=  Mugust’ . 0,00 0.00 0.0 0,00
; * September - 0.02 .0.01° 0.01 * 0.0
" october  0.07 - 0.2 001 C g0
A "Nbvgmber .0.02° 0.2 0.0 0.04
Decerber . 01 [0.00, 0.00. T .01
. ! .' .
.
’
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- in aress B 4nd.D.’ The complete lack of debris on the s—and' bottom
indicated the existence of an outward flowing current ovér the sand
bottom: - ' -
. B-IV. ' Biota . 3

B-IV.1. Methods for Determination df_ Biota

B-IV.1 (i) General Observations'af F'lnra and Fauna
For hath the MAL zone and the chff area, general nbservanons

were made of the species components, habltats and -general distribution =

and abundances of the Flora and- fauna. These ohservatwns were made

at v'arious times throughout the study. - %
s, oal

B-IV.1 (11) Photographic Analysls .
.- The distribution of on1y a few selected Drgamsms mhalntmg .
“the cliff area were quantitatively determiried by means of analysis of @ "

a film taken on'October 20, 1970 fdr the determination of sea star '

distrihuti’on. The matenals(and methods for producing this fﬂm are o e

dlSCuSSed later m section-C.II.1 (i) Numbers of Strongﬂncentrotu

droebachiensis. (0 F. Mu]ler) and Gersemia §p. were counted per

photograph and the, ared orccupled by Dldemnum albidym (Verrill) was _\
. qa'lcu'lated by countmg squares of known area. covered by D a'lhldum in
/ each photugraph Relatwe abundances of two a]gal species dominant to

the chff area were approxlmated

CBIVT (311}, Haid Sampling Techniqie . ¢ o
During the months. of Septembei‘, Oct;ober and November, 1971, a -
series of ning dives were comp]eted to sample the maJor benthvc mvertebrates
of the transect area us{ng a 0.25 meter quadrat square. The quadrat
. e Y g

p .

e
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v

square was constructed of dexlon, and had the dimenswns 0.25m X _ !
0425 m (20.002m). :
To take the sanqﬂus, diver Blheld the quadrat square in position
on the bottom so that the TL was ﬂush with and parallel to the right
side of the square and the top nght corner was in line with the
_ numbered marker on the TL. ¥
Diver A then removed and counted specimens, one specieé_ at a
3 time, making r‘eco)‘dings on Crona-flex sheets. A‘stalnless steel
spatu'la was- employed hy diver A tu remeve orgaMsms from crevices.
v o Any nrgams'n which’ couId not be identified was placed in a small
finely meshed sample bag and brought back to the M.S.R.L. for |dentificatian.v
' Colonial'organlsms were recorded with a + ov: -. indicating theii-
ES presence or absence. the numbers of soliury individuals being :nunted .

and recorded. R @

B v. 27 Results & Dlscussmn
BIv.2 (1) WAL Zone - -

R | high abundance -of bwta is suppomd in the MAI. zme of which,

- the maqor a’lgal components are Alaria escu'lenta and Laminaria dlg’ltata.

- wlth Mztilus edulis being the maJor faunal compnnent Alarla esculenta . \
‘was dommant in the more expused shullwer Lreas such as' around the . \

base uf Mad Rock. Mnying away frnm this Qentre. its nuni:ers ds;reased

I ﬂ and was d1splfaced by M a which extended ‘to the fringes of ;he r
. 4 plateau. b . g X o = .

s % Diver A refers to tHe author- and ’I’l:ver B refers to the diving partner. .
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Random cluﬁps of M.edulis covered approxi, ately 50% of the
bottom of the plateau. Clumps ranged in size from 50-100 indiVidials
covering an ar‘ea of diameter less than ha'lf’ meter, to many t;puusand
individuals covermg areas of 5-10 meters/in diameter. In ail clumps,
individuals were extremel,y closely packed. representing a narrow range i
of sizes from recently settled individ als to a maximum Tength of ) )

\» < 40 mm. Exammatwn of data co'l‘lected y Mr. R. Scap!en ‘during.a survey

Phymatolithon laevigatum (Foshe) and"‘ﬂathramorghum circum

(Stomf). Some areas of -the’ hottom were also covered with the ye

B sulphur sponge, Halichondria panicea (Pallas)A % . "

“In general, mulhlscs were very ahund‘aht in the MAL zone. "Large

w ” numbers of Lacuna V\ncta (Mantag T"and Margaretes ndliclinis (Ph1pps)
w,. - .
//'_\* were found on L. dxgltata and A.esculenta. TQrge ather gastmpod’ spec'les
'/ ;" were represented but to a-lessér degree. Of these species, Buccinum s .
/ undatum L, the comun“\orthern whelk, and Thai$ Tapillus (L), the dog’ 4 ¥

. whelk, were found often in areas of shelter such ‘as crevices and dws

© - 1‘n the substrate, whereas the northernrlimpet, Acmaea testudinah‘s

(MuHer) was randomiy distributed in Tow abundance over the entire - & ¢

plateau. Chltuns, cmefly Tonicella marmorea (Fabruuus) vere observed

.,both on the encrustlng corallines and on shells of M.edulis.. o

) Seasonally, nudibranchs, principally Doto coronata (Gmelin),
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. 2 % A
a}bus‘ (Asconius) and D.frondosus (Asconius). Onchidoris fusca (Mullér)

0.aspersa (A]cier hﬁd Hancock) and Tergipes tergiges (Johnston) are’

' very abundant ih this area and are found‘on a variety of substrates,

; eg. hydrﬁ‘lds. Metridium senile.(L. ), coralline algae, and mussel shells. -
v . Many organisms take advantage of the m1crohab1tat prnv1de hy
the settlement of silt between mussels and at the bases: of the large
-kelps. The m;jor corv;ponents are the arctic éaxicave,' Hiateﬂa:
arctica (L.j, the .;jaisr‘britt‘lé .star, Ophiopholis aculeata (L) and
po'lychaetes such as. Nere%s‘ Ee’lagica_ L. and the scaleworm, Lepidonotus

‘ E

squamata (L * 7 v
The Tast two major componénts of the.MAL zone are the common sea - /

. anemone Metrldlum senile, and the green sea urchin Strongxlucentrotu N o A

draebacmensl < gBoth spenes reached high abundance in certam areas //

uf the zone, M senile being vDry common in the musse1 ‘beds and sea

urchins abundant in, crevices.

B-1V. 2.(ii) Biota of the éliff Area

“B-1V.2 (na) Gen/era'l Considerations Y
3 Since the bwta af the cliff area d‘emonstrated a h1gh degree

,of ,vananon w1th depth_ and s]ope, the floral and fdunal compnuents of " %

chffzr\ng arezs uf the cliff’ are presented to show “these relanonsh\ps.

Data are presented in three ways:

'1. GenzraI and quahtatwe description of. the, flora and fauna as b*

derwedc from phntngraphw analys1s are pres‘ented as abundance

erTge L . ) . ‘s
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Z.. Results of 0. 25 X 0.25 m hand samphng techmque are presented
v_ as abundance per TLQ. & 1 £
/ .. . 3. General. observations of abundances, distributions and habitdts of
the fauna as determned from photographzc analysis, hanﬁw\sgmpl'lng jis
tE:hmques, and periodic observations made over the course of. the '

study are summamzed. - 4 o,

. S
Results - Fyg ™ . ~

B-1V.2 (i1b). Phdtogr‘abh'icﬁ/lnalysig
Since argamsms of small sue, drab co'louratlon, and/or Tow -

; abundance could not be ccmsv\dered for phutographlc analysls. unly the

Lo distributions of Strongxlocentrotus droebach1ens1s, Didemnum a]h(dum,

\' : B ’ and Gersemia sp., and two algal species, Agarum cribosum (Mert) and

.~ "Ptilota serrata (Kutz) are présented (\T\alﬂe 3). Genera] description -
fuw oo g these‘results are combined w1th general abservatmns ‘of these

9 o species in sectlomB lV 2 (n d).

" R B Iv. Z (11 c)- Hand Sample Techhigue : @ . : i
' The hand sample technlque un]y pruved useful |n determvnlng the : .
relatwe abundance-distribution patterns of the more abundant specxes.
E S,'i,vg_ce a small.sample s%ié wés'emp‘;loyed ip this study, samp'le;’ :annot‘ 5
be considered enciv:ely representative of the depth orvsloy'e"i)f the‘ area ’
i . “ dn which they were taken. Both of these d1ff1c1enc1es, ie. the ma!nhty
to deal wi th Tow abundance and the non- mpresentatwe na\‘.ure of the 5
4 . : samp]es, are cans1dered in the.next section. Table 4 sunmarues on'ly
, the ten'most abundant species ‘as determlned by -this methud Gther s
fauna observed and recnrde'd durmg this study are also presanted in’ :

. the- next section. o . - . 2 "
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Table 4.

(excluding astem\ds) per 0. 0625 Square metar,‘ as w L T R

col1ected by the hand samphnq technique “a
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photngraphm dat? was most abundant in area Dy an area’ of lesser‘slnpe %
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mv‘z((ﬁ,d) General Observations and S;mary of Fauna
Cnidaria

" Representatives of this phylum were very abundant over the &

ent|re cliff area. Metridium senile, the common sea anemone was» .
cTearly the most abundant macro-benthic urgmlsm. lln certain areas‘

such as” TLQ's 7 and 8; M.senile formed “almost sol id mats of 1nd|v1duals‘ 5
Colnparisnn of .data obtained during the hand sampling technique shwed

that it.wds more than six times more ahundant than the second-must

* abundant spec1es (s trangﬂacentrotus draebachiensis, nat shawn A

Table 3] had a total cnunt of 128 as cumpared to 813 for M, Eeni'le)
Its.distribution pattern was skewed twards sha'llw water with major

aggregatmns on the Steep sidpe;of -area C.

Other speciés of anemones were observed frequmtly m the cliff

N appeared that fhe larger species ofj anemones uare “found 1n the

area; however, |dentfﬁcatinn of these spec!es was not made. I \ B .
dLge .

water area of the Cliff area (area E).

Hydroids-were very-. abundant over. the !ntire cliff area. . Most

Vobvious of. these species was Obeha gggiculata (L) which had such a high
abunda oe on Qg_rfn_:ribnauw\ as to llake the sur-face appear fuzzy. Nydroids

atf\ach 6™ the shbstrate were nnst obvious ip area’ E.

The soft. coral (a'lcyunarﬁn) Gersemia sp. as ev1dent from Rhe

:“

“ Numbers .of S dmebachiensis ;re not Hstéd for this survey because it

analysis.

was_felt th: aE Eﬁéy uere mrelaccuratﬂy estimated by . photographic g
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Echinodennat; . . .
Over the entire‘d‘iff area, the green sea urchin; S.dr;ebach‘e‘r: is
was a ver‘y common representative of ‘the benthic fauna. In numbers it ~
ranked second to M.senile of the.macro-benthic animals, but probablyu-
represented the h1ghes1: sing]e spemes contribution to the biomass.
Data presznted from the photugraphxc analysis showed a general .
decrease in abundance with depth, with large concentrations of 1ndlv1duals
at the ‘rock- sand interface. This d1stribut|9n pattern appeared valid
for the entire cliff area. f .
Ophiopholis aculeata was generaﬂy very poorly represented in
the cliff area; however, Iarge aggregations of ind\v;duﬂs were, ;
nbserved wherever sufficient protection from predators was ta be found.
Such areas were crevlces,xclosed spaces between animals (such as
_vg_se_'lla mndwhs (L)). under rocks and debris, and bebmaen the thalli
of Lithothamion glaciale (Kjellm). Aggregations’ could be foynd at
any depth in the cliff area; however, the largest.aggregations. were
_observed in area-B, an area of high concentration of L.glaciale.
Sea cucumbers were very poorly represented in the cl 1‘ff area.
0f the- he'{othurians,’ Cucumaria frondosa (Gunnerus) was most abundant,

hut'ifs abundance was less than one per 10 square meters of bottom.

"Only two Psolus fabricii (D;:ben & Koren) were qbserved in the entire -
cliff area, and both.of these were being fed upon by sea stars
(Cr;)ssaster papposus). ‘Borrom'ng apodous sea cychnbers. chimdota’
leavis (O.IFabricius‘) were observed ’nccas‘luna]ly in silt that formed

under rocks fmmd along the sand-rock 1nterface.
; . 5

.
S
N
.
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Anne]i‘da . .
Polychaetes were of Tow abundance in-this area. *Nereis Ee]}g’ica

and Lepidonotus squamata weré ;»Eserved in the sha’llowei' water areas, . L

- chiefly area B in similar locatlons as those described for phwghol'is ’

aculeata. :

The leathery tubes' of Fabricia sabella (Ehrenberg)l a sabellid

worm, were often, observed attached to the substrate, predommantly in *

areas IJ and E. < i *
l 5 ' Arth’ropoda ¢
: Crustaceans yere' very abundant in the cliff area. ‘Pagurus sp. . &

the hermit crab, utilizing empty shells of Margaretes costa]is’(Goul,d)., .

'was most abundant in area D, an area uf\ ge_nt'le slope. Individuals - .
wei‘g generally: of small size and were restricted to horizontal or L
gently sloping surfaces. 5 g

Throughout the entire c1iff area, Hyas araneus (L) was very

abundant and was observed most"ly in cracks or crevices'of the substrate.

Ectoprocta
Bryozoans as a group demnstrated a hlgh degree of species, d1vérs1ty and
. \Z@ generally distributed in \elatively high abundance throughout
he cliff area. Forms varied from the flat encrusting type which
-covered sr;e]ls. algae, and s;:bstrnte,‘ to thexﬁkburescgnt type such
+oas M‘fu acea (L), which atéached‘to practicaﬂy any avaiiable
" substrate. ~Both forms could be observed ih all areas‘ of the cliff area.'v
but’as ‘a general rule, encrusting forns'wére observed most often in
shallow water, and the arborescent types on the more sf;eeply sloping

areas (C and E):




" Urochordata® S L E Lt | - s '_-t
As wa_; observed ’for ectoprocts, the species diversi‘ty .of the - :
% phylum Uroghordata was very. high.‘ Tunicates were found in all areas
of the cliff area but reached their highest abundance and diversity

in areaE. The most numerous tunicate was Didemnum~albidum which

formed large whi te encrusting F'Iat colonies and was very frequent in -
occurrence in area E.

"?‘ : X B ) -
Mollusca " 3 . d
¢ Owing to the importance of this gruup as asteroid prey, a
_great degree of attention ln this study was centred on the-distribution, *
abundance,  and habitat of the members of tms phy'lum “ Table 5.

. summarizes these aspects of theil distributian.
. R ; Tn ) g




> B . e "
, ~Table'5, Distributions, relative abundances, and habitats of the
" ‘molluscs’observed in the CTiff Area. .« ’

L-Tow M- medium \
'8 o

1 Depth ranges listed are the total depth ranges observed
for these spécies in the study area. Note that area B, as
defined earHe)",‘ begins ‘at a depth of 8.7 meters. »

P
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C. 'Distribution and Aburidance of Asteroids in the Study Area
C-I. 'Introduction
- Asteroid abundance-distribution. patterns were determined

nindependently for the cliff area and for the MAL zone. In the
cliff area, sea star abundanc’e-distribu‘tion patterns were determined

by means of a quantitat‘jve ana]ysjs of a series of photographs ' 3 ‘

taken ‘Weekly (when posslbl’e) along, tpe';ransect line, In the
following sectiorj‘s (C-iI.'l (1)), the apparatus, diving procedure,

and techniques of film analysis used to determine tﬁe spatial and
temporal disnty;ibutions' of the sea stars found ‘in t}_\e cliff area; are
o/ﬁt‘h’ned. Materials and methods for:lthe determination of the asteroid
distribution and abundance.in the MAL zone are présented in s'ectinri

C-II1.2. Cliff Area ° “ Lo

C-1I.1. .léter}gls and Method's.. for Determining Asteroid Distribution .
“in CIiff Area - oE
e o C-I1.1(1) Introduction : Sk
Sloped ‘ru‘cky bottoms, such .as the cliff area, p:ose sériau§
problems for the field biologist with respect to quantitative sampling
techniques. Traditional methods, such as sdmpling from surface véss_els,
e © simply ca'nnot be empioyed because: - (a) a cliff presents a sma‘l'l
honzonta'l surface. making it d1ff1cu1t for accurate lncatinn of
samp'les| and (b) even speciany desjgned mﬁs and dredges run into
serious problems on rock surfaces. Since the study area was:relatively
small, it w’as preferable that specim‘en‘s not be removed so that estimates
of .changes in temporal’ distﬂbuhon could be accurate'ly monitored.
To overcome these difﬂcu]ties, an mtens'lve d1v1n9 survey was °
undertaken using photography, as: the :tool so that o, removal or disturbance
of animals was fecessary. Other potential a_dvantages in udop,}:ing .




Pl

Ed

phiotographic technidues were: v i

1. A permanent record of abundance and distribution of sea‘stars
can be Gbtained. " ) -

2, Observations of qthev- aspects of sea star biology in their natural ?.
environment can g:e noted. B ‘ .

3. The area sampled can be easily calculated.

4. The location of. the photograph can bg accurately determined.

Sizes of ‘organisins can be measured.

6. Spatial relationships’ between sea stars and between -other

organisms can he examined.

C-II 1 (ii) ~ Apparatus, Diving Procedures, and’ Film Analysis

) Since an exact picture size i required for quant!tati ve analysis.
photographs must be taken at-a constant distance from the substratess °
In order to achieve t‘h1s requirement, the camera, a Nikon F wjth a .
35 mm F/2.8 Tens and fitted with a Hugy-Fot underwater housing, was
mounted at the apex uf a specjally constructed photographic tower

(figs. '16 & 17). - The Itower, 2 2 meters in height, was. constructed of

. a1uminum-dex1‘,on,“ and at the hase, an aluminum fiame, 1.5 X1.0
: o

(+-0.005) meter“s, was':mouﬁted: A scale consisting ‘of alternate

strips of red and whit:,e tape (each'S cms. ‘in width) was attached to
‘the upper surfac‘e of this frame for the purpose of determlrﬂng the
size of ‘the phntographad organisms. . Therefore, through the viewing
'Iens, 1t was posslb'le to see a clearly de'Hneated ‘area of 1.5 X 1,0

meters with a size reference afforded in each iewing field b,y‘"the sca]e*

g P =
]Calcu’lation of the distance between the camera and the frame, required
to include ‘the entirelarea bounded by the frame, was made underwater
because water has a higher index: of refraction’ than AFB
i

|




1 £a ,'
F|gure 16, Underwater photograph of the phatagraphm tower and d1vers
- taken during a phutngraph\c senes.
(photographed by Dr..J.R. Strickler)

'







Figure 17. 'Underwater photograph.of the photographic tower showing'

» the positions of camera and housiﬁg.»

(phntng‘k—aph taken by Dr. J.R. Strickler )
- b . 4 : N
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S1nca*al1 pictures required artificial light, a Braun F 250

electron‘lc flash in a Hugy—Fot housing (ﬁg 18) was used, attéched
§ -t to'the photograph!c tower approximately 1.2 meters above the measured &
%, frame - The film used was Kodak Daylight High Speed (ASA 160)
i Ektachrome. Buoyancy floats (ﬂg 18) weré attached o neutralize
k : - the weight nf the frame undemater
— 5 B urder that” anexact 1ocatmq§of each picture was known,
pictures were taken along the TL. Each pvcture was taken such that
.‘ N the 1.5 mel;er s]de of the measuredframe was parallel to and flush with
~ the TL (fig 19), with its upper r1gi|t and Tower.right corners placed
exactly over the poxy putty markers at.each numbered tag The
e C numbered tag was mserted between two slotted plecef‘ ‘af. p'lywood

attached to* the frame to 1nd1cate the position of ‘each pwture‘ on the

TL. Plctures were taken” {n sequence beginn'mg at TLQ 1 and cént'lnu\ng
f0 L oo ) )
) d : ,.Durmé the _dijM“_p‘roc}adure, diver A (the author) was posi.ﬂgned
a . at the apex uf the frame to trigger and rewind the camerd, and diver.
B (diving par,‘.ner) was Tocated at the base to help with positioning
( of the frame (fig. 16). Care was taken by both divers throughuut
L2 i : this procedure to avo1d disturbing sea stars (either by the move/nt/
§ it
of the divers' fins or by the tower 1tse]f) The tower was ret'rned
to-the surface by f1'|'hng a second buoyanc_v float from the v‘egulator'\q o
B .ofdwev‘A . # P .
) A complete photographlc serues. ie Q' s 1-24, was taken orce:
N a week when possible between July 30, 1970, and July 28. 1971/. During
° . " this samp'ling period a tota] of 35.series was obtained. PQasuns for

. missed serigs were severa'l and varied, 1nc1udmg rough’ seas maklng




e : e B F

’"Fig'u’r:e' 18. Underwater photograph of photographic tower sl\owing the
: ﬂash hous'lng and Flotation bags.
(phutographed by Dr. J.R. smckler)
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Figure 19. Representative photograph of a typical.TLQ éaken at

‘ Q.8 dﬁring a photographic series, Oct. 5, 1970. 5

- Note the red and white scale (5 cm 1ﬁtgrvals) at- the

. uppe:- left, and several ‘jndividual?u_f:fegtaster‘las
v M (Lp) and Asterias vnﬁ?af is (Av). -
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di{n‘r‘ig impossible, and ﬁhytoplankton blooms reducing the water

clarity. so as to make photography impossible.
Films were deve'lu:;d and analysed in the uncut film gtrip

. éorm. Each film stnp, then, represented the oné meter wide) 36 meter
Tong, strip of bottom which extgnded along the left side of“ the TL.
Film strips were arialysed by projection by means of a Bell and Howe}1
film strip prajec‘tor onto a sheet of bristol board. Measurements
of all sea stars were taken using calipers and compared with a

. Predetermined scafe to ascertain the actual size of -each starfish.
Recordings were made on printe;i data sheets of  the species and size
of. everyéfimen found 1in each-TLQ. Any sea star with its entn‘e
central disc inside the measured frame was considered in the samp'le.
If the measured frame allowed only part of an individual to be
visible, it was recorded as being in,\".he sample if it was observed
a'Iong the 'Ieft and top margins of the frame and not recorded if it

' was observed along the right and bottom marqms. Species 1dent|f1catmn g
was based on co'l’our, shape, number of arms, and size, in‘addition to '
other recognized taxonomic features. Sea stars which could not be
identified®were measured and d‘enated "unknown' . R

'Thg size (R) of an individual starfi;h was‘ detenv_dned by measuring ..

the distance from the centre of the centfal disc to the tip of the
longest straight arm. No 'measurements of size were taken when efther
of these points was fot clearly visible. One procedure was followed

. wh'lch was an exception to this., Sea stars which did v;ot ﬁaVE any

sirq%ght ar:: v!sib'le were measured by taldng the sum of a number of

stra'lght Tine segments around. the curvature of ‘the arm.
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C-I1.1 (iii).. Efficiev\’cy ‘of the Photographic Sampling Method

Since the resolution of pictures (;btained from the photographic
serie's‘,was found td var‘y between 0.2 and 0.4 cm., no estimate of sea,k *
stars measuring less than‘ 0.5 cm. could be made. A small r;ndom

error may also have existed in numbers of ohsev"vati'_ons in thdt sea

- stars greéter than 0.5 cm. may have positioned themselves in such a

nanner that t);ey' were not visible to the camera. Since the substrate

was relatively free of particulate ma’tter and nth;r hiding places,

most of this error was removed by subtracting areas pbscured by a]gae,‘

shadows, air‘bubbles, etc, such that the abundance of sea stars

was expressed as the number of individuals per area of unuhécured bottom.

Subtraction of obscured areas genéra11,1; did not bias the sample

because the actual obscured area in each TLQ was not constant over time. :

For example, areas abscured by algae may be unobscured, 1n the next

photographic serjes because an alga fixed at one point is ;ontinya1 Ty

in, motion because of water disturbance. Similarly, shadows rarely

were observed in the same Tocation. ‘ - . -
3 Targe error factor. however, was 1ntr‘oduced in spechas '

Identmcatjon Of an asteroids _observed, 20.5% could not be idéntified.

“Individuals of small size prov1ded the grqgtest diffictﬂty for identification.

Dn1y 2.1% of the unidentified sea stars were greater than or equal to

1.5 cm. In order to exclude this identification error due to size

for 'A.vu’lgaris‘ and L.polaris, only speciméhs greater than or egua] LI

1.5 cm. were included in the sample. Since.all.C.papposus, S.endeca,

and Hénricia sp. individuals identified were greater than 1.5 cm.,

their abundance estimates were not affected. Exclusion of individuals ¢
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L belonging to the speéies ‘H.eschrichti smaﬁlgr than i:ﬁ cm., hovever,
was.not performed because most ;’f" its population was §mal1er l:.han
this size. Identification of this species for individuals ;’f. small
. ’ size was easier than for A.vulgaris and L.polaris because of’its bright
colouration. Hence, 6n'ly a small error factor was felt to be associated
with this size discrimination with respect to the spatial and temporal
ab/\nce estimates of.H.eschrichti. y

In order to calculate the relative abundances of the asteroid ¥

species, A.vulgaris, L.polaris, and H.eschrichti, the assunmtion was
\/ - made that the proportions of each species population not sampled
_because of these size dis‘crviminavtions were appruxim"atew equal 1
Errors in size measuremeﬁts as a result of the uneveness of
- the’ surface of the sub;trate; prevented accurate asséss{ﬂger]"f of the
size 'of the sea stars from the photographic analysis. ’Measurements
of 25 equally sized (10 cm.) meta'l rods photographed on a representative
irregular bottom had a: coefﬂc1ent of vamahon of 7.5 and a maximum
error of 14.3%. Hence, size n\easurements were_not utilized to assess

growth or size frequen‘cy’di stributions.

’ The proport’[ons of size of each species samp]ed. ie. mmimum swze sampled
max1mum s1ze samp'led

were 0.182 f 0.5 cm.,\ 0.182 1.5 cm) and 0. 130 1.5 cm. \for H eschrichti
2.15 cm: 825: 11.5 cm,

A.vulgaris; and L.polaris, respectively," thus 1nd1recﬂy Justifymg the
- vahaity n\; this assumphén . .
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' that the sampled area was representat{vé of the cliff area. However,
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C-11.1 (iv) Representativeness of -the Photographic Sampling Method

As defined in section B, the.study area was an area of bottom ’
which represéﬁted a high degree of h;rizontaf’ uniformity 1y'| terms of
substrate, slope, and faunal sconstituents,” An assumption was made
that the trans_ect Tine area was representative of the sea star

dis'_;rl:butiuh of the entire c1iff. To test this assumption, the,

{ distribution 6f sea stars on the left and right sides of thg transect

area were compared. ,
For four s’alm;ling dates (July’ 30, August 6, August 13, aqd

August 24, IS?G),‘duplicate photographic series were»mad’e 7of the left

and right sides ouf the TL. So that corresponding pairs"coqu be dllrecﬂy

compared, left and right sides of the same_areas of the TL were

ppqtographed during. the same dives. Each photograph was analyzed as®

outlined in sec‘tiun'C-II. 1(ii), and abundances were converted to )

number of indjviduals per:sq‘uare meter of unobscured bottom. A paired

t-test (Wang programe) Was applied to the abundance of L. polaris .for the '

four sample semes at all TLQ's.

The t-values obtajned for the overall ana'lys1s for 95 degrees of
freedom was 1.218 'and had a probability of 0.774 (Wang t-distribution)
on the t-distribution. - Hence, the null hypothesis that no significant
difference existed between the sample means was accéx;ted.

Thé proximity of the.two sémp1es and “comparison of only one |

species.are definite limitations to the validity of the conclusion

comparison with other areas of the cl1iff area was not possible
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because of ‘the permanent natur‘e of the TL. En'lams was consrdered to

be representatwe of the sea stars of the cl1iff area because 1t
had the highest abundance and would demonstrate the highest degree

gf variability of its distribution\had it proved to be non-uniform.
N -
C-11.2. " Spatial Distribution (Cliff Area)

c-11.2 (i) Geng‘aLCnnsiderationJ
Since sam[;'le size per sampling daie was small (ie. a low
numberof’mdivi'qua'ls per species per TLQ\), spatla.] distribution {Er .
each saﬁphng date could not be .considered. In order to achieve a
* clear pattern of abundance-distributions, a full year time period was
'considered so that any seasonal variation he‘twee.n species could be
examined. Since each TLQ represented a unique set of physical, _
chemical; and biotogical® pmperhes. d1str|but‘lons were examined with
respect to these divisions. A'lthough values are expressed in abso'luta
- y terms (ie: number of individuals per square meter of unohscured
) bottom), t;nly the relative abundances of each species 1;4Ith respect.‘to
TLQ's are considered significant. Since temporal variations in abundance.’
. existed (resulting possibly from migration, natality,-and morta'lit‘y).
absolute values determined from .thé year rean cannot be considered

representative of anyrone time ‘period within the year.

C-I1.2 (i1)- Asteroid Relative Abundance withlkespect to TLQ's
Relative abundance (R.A.).values were calculated from the yearly
. " mean data (’{e, no..of individuals per sq. meter of unobscured bottom),
expressing the abundam:e of each species as a perceritage of the total
asteroid abundanca (the total numer of identiﬁed asteroids) For example.
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Relative Abundance of L.polaris for i’LQ 1=

. mean no. of ind. per sq. m. unobscured bottom TLQ 1) (Append. E) X 100 .
{ total abundance of all identified sea stars '

Although these values were galculat.ed for all species, only the four

most abundant species, L.go'laris.'H.eschrichti. A.vulgaris, and C.papposus,
are shown in'fig. 20. s
’ 3 ’ An examingtion of fig. 20 shoks four distinct patterns:
I. TLQ's 1-5. ‘Area of ;extreme L.polaris dominance. % i’
II. TLQ/'s 6-18. Area of reduced L.polaris dominance. : ‘
III. 'TLQ'_s *19-23. Area of H.eschritht{dominance.

IV.. TLG 24. Area of reversed dominance.

I, Area ofﬁE'xtreme L.polaris dominance (TLQ's 1-5). L.golari; i -
s ™ represenm‘i in this a.rea. a high proportion of the asteroid population,

ranging from a 'low' at TLQ 2 of 67.4% to a peak at TLQ 5 of 87.3%.
Except for a significant drop to 4.2% at TLQ 5, A.vnghri; was the
second most abunjn"t species displaying relatively t;onstant RA
values of 21.8 - 25.3% from p.Q' s1-4. H.eschrichti displayed a

Tow RA value in'this area, never exceeding 8.4% of the total asteroid

count.” Only at TLQ 5, did it exceed that of A.vulgaris.

1. Area of Reduced L.polaris Dominance (TLQ's 6-18).
A]!;huugh L.g’ ‘Iari's was consistently the most’avhunda?l.t species
in this ‘ar‘ea.‘ it represen‘ted less than 50% of the total cistero'id: 4 .
/ coqnt in all TLQ's except TL;) 9. Re'la‘tlve‘ly constant values of :liA. : '
ranging from 39.1 - 54.6% existed for L.polaris throughout this area.
Similarly, I\(.vu‘lg“lr(s demonstrated a roughly constant RA with va'lu"e.s.
ranging 'frm 14.0 - 28.0%. H.eschrichti, however, hed v'aripble RA ’
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&
Graph of the relative abundance (based on yearly mean
a_blindahces) of‘LeEtasﬁerias polaris, :Asterias vulgaris,
Henricia eschrichti, and Crossaster papposus, for each .

Figure 20.

TLQ.
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values peaking at TLQ's 'ID and 16, and was shght'ly more populous
than A. vu'lgams, being more abundant 1n 8 of thE 13 TLQ's. ~

Even though [ Eaggosus achieved its greatest abundance in
thls area (TLQ's 11~ 18). .it ranked fourth in RA.

~

- III. Area of Henricia eschmchh Daminance (TLQ s 19- 23) ; =
RA- values of H. eschr1cht1 began to rise at TLQ 17, but did not>
reach dominance until TL® 19. T\ts apqndance increased through to ' . v
‘TLQ 22 where it 'peaked and then dropped off s1gn1ficantly again at
TLQ 23.. Throughuut this” range it accounted for over 50% oF the’
total asteroid count,and scored a maximum RA of 77.0% at TLQ ZZ \" BN
Conversely, the RA-values-of A.vulgaris and L.polaris began to dechne ;
around TLQ 17, and reached "Tows' at TLQ 22. A slight upswing was .
measured for TLQ 23 Other species showed parallel RA's with L gnlam:s
ieing approxmate'ly 25% h1gher than_A.vulgaris. C.papposus demunstrated

'JIower RA in tms area than it did in the previous one,

IV. Area of Reversed Dominance (TLQ 24)

L,gbluris was® abain established as ‘the dominant species with
a high RA of 56.2%. H.eschrichti dropped off as the dominant species
(R4 21.8%), and A.vulgards had a similar RA of 18.6%. The RA of
C.papposus jncreased s1ight]yuaver the previous TLQ. o ) !

_C-1I. z (111) Abso1ute abundance (year]y means) with respect to TLQ's
ln crder to compare the distrlbutwn of each species with the & .
umque set of physica'l chemical, and biuloglca'l factors associated‘

with each TLQ, the abso‘lutemndance (calculated on yearly, means) -
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T T % = ' ' s "
of each species was p'lofted against TLQ number. A consideration of
-the non- var1able parameters of each TLQ (depth, s1ope, and d1stance‘ .

. frof ’MAL zone) with respect to abundance is now presented

. ‘Leptasterias polaris B i : I
. In fig. 21, a plot of abundance of L.polaris '(y)‘ agajnst TLQ (x),
an nveral'l decrease in abundance with increasing-TLQ was evident.
The p'lotted régression line has an equation of y = 1.73 "= 0.067x wlth
Ia cnrr‘elation coefficient on -0.834. A comparison with fig. 11,
reveals that this relatioship can be related-to either depth or _ 5
distance from the‘MAL zone. Since each TLQ has a 1engtn of 1.5 meters,
- . theTLQ- abundance graph in actuahty is the same-as an abundance-
(‘d\stanr,e from MJ\L zone) ‘graph. The regression hne plotted of
N »abundance-depth, shown in fig. 22 has the equation y = 2.27 - 0.07x
with a correTation coefficient of -0.834. The equality in correlation
cqeff‘icients o; hese two regression 'li'ines makes it impossible tp_
determine with nhnotur abundance is bes;‘corre]ated, ie. depth
or d1stance from the MAL" zone (TLQ). Both factors show significant

correhﬁbn to the 0.01 cr1tlca'l level (1e critical Tlevel for n’

at P .= 001 1is 0.515) and cannot be separated on “the bas‘is of this
analysis. ’

Most of the variatlon. ie. as:shown in the correlation

coefﬁcient“ can be attributed to five anomolous TLQ abundances which

have a large dlsplacement rrmn the regression Tines. Greater kY

expected values of abundance occurred at TLQ's 1, 8 and 20, wherea's, :

alues from Statistica] Tables, Sokal-and Rohlf (1969).
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_Graph of absolute Aﬁﬁndances (yearly_. mean) of Asterias U

vulgaris (A), Legﬁsteﬂas polaris (B), Hénr{cla

"eschrichti (C), and Crossaster papposus iD), wlth‘

respect ‘to TLQ‘s; - : .
Abundances (indicated by +) are ca'lclﬁated as the

number of individuals per square meter of unobscured

* bottom. Dotted lines in A; B, and C are the plotted -

regression lines. Rgfer to the text for equations.
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[

Figure 22 A. Graph of the abundance (yearly. mean) of Legt.asteﬁas

Eo'laris with respecb to depth.

v).

Figure 22 B. Graph of the abundance (yearly mean) of Asterias

_-.yulgaris with respect to depth. e o 3

¢ .
Ahundances (indicated by +) are caIcuIated as “the
numher of individuals per square meter of unoh-
& ‘ I scured bottﬁm. Dotted lines are the plotted

regression lines (refer to the ﬁxi f‘or equations), .-
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. less than expected values occurred at TLQ's 6 and 15. Similarities in

the position of TLQ's 8 and 20, and cpnverse]y the similarities in

- the position of TLQ's 6 dnd 15, suggest a relationship of abundance

to certaiﬁ_topngraphic features. Fig. 11 showing the location of
TLQ's, places TLQ's 8 av‘\d 20 on a steep downslope a short‘distance

(1=2 netef;) below a positive, (increase) Ehange in ;10pe. whereas.

TLQ's 6 and 15.are located oh more gently sloping areas belowa
negative (decrease) change ;’nus]ope. 'A‘n examination of the significance
of - these ‘Tocations with respect to topography and wate’; disturbance

was presented in section B-III.2(v). '

Asterias vulgaris :

The general. distrﬂ)ut{on pattern of A. vulgarls 15 similar to
that of L. golarls 1nd1cating a decrease in abundance with increasing
degth or TLO number. The regression Tines ‘of abundance plotted
against TLQ and depth are' y = 0.639 - 0.025x and‘y 0,837 - 0. 026 x.
respective]ly. As ‘was the case fcr L. gulans, corre'lation coefﬁcients .

of these regresslon Tines were very similar -0.663‘(TLQ) ,and -0.667

(depth) and were botH within th/e 0.01 critical Tevel of significance.
Two-anomolous abundances are sh 'g!n'by A.vulgaris at TLQ's 5 and B

- o ¥ i ) .
suggesting a similar relationship of abundance to specific topographic

locations as shown by L.polaris.

Henricia eschrichti

An examination of fig. 21C reveals two possible relationships:

'an increase ‘in abundance with dept;l (or increasing TLQ), and high

abundancés associated with steepiy sfoped areas, i,e. area C (TLQ"s

v‘7-12) and area D(TLQ's 19-24). The é.{icu'!ated Iinear regression Tines 7

for depth-abundance and TLQ-abundaﬁée (y = -0.108°+ 0.03@)(. and
B . ? . ]




Fiduré 22 C. .Gr'aph‘ of the abundance (yearly mean) of Henricia
. - eschrichti with respect tq angle of inclination, e
i.e. s]ope (9) ; ‘ . )

Abundances (indlcated by +) are calculated as. the
_number of individuals per square meter of unol?scureﬂ‘
T 7_ N .bottum. Dotted line is the plotted regression line
(refer‘to tl_;e text for equa‘t'lon). ' LT
Py :
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'y = 0.146 + 0.033 x) have Tow and similar correlation coefﬁcients
(0 443and 0. 455 respectively), fromwhich it is 1mposs1b1e to
defermine withvwhich parameter abundance is best corre]ated. As
evident from fig. 21C, a hig’h"degree of displacement from the

. regression line exisi!s_ and both regression lines are significant.
_only to the 0.05 significanc® TeveT (P 0.05,n = 24 = 0.404)',

Although mdch of this displacement can be related to increased

abundance on steeply‘slnped areas, a low correlation (0.534) exists :

owhen' a regression Tine i; calculated ful:' slope (mean angle of
inc‘lination for each TLQ) versus abundance. Fig. 22C{ a graph of
this re'lationship, shows that abundance does not correlate well

i with a‘n absolute value of anhgle of inc'linatignz.‘v It abpears. rather,
‘that high abun&ances of ‘H.escﬁrichtf ar‘e associated with the more

, steeply sloped areas such that abundanées peak near the midpoint of
these»steepiy sloped areas decv;easing moving away '!n either direction.
On gently sloping areas, abundances are lower with areé B having a
minimum-at the midpoint and al;ea'D remain‘ing roughly constant. . These
tendencies appear to indicate that the distribution of H.eschricht' is
more strang’l:y related to the tdpographic features of the cliff area
as defined.lg_yi ﬁpth and slope, ra‘the;‘ than absdlute values of ang'le/-’ .
of inclination and depth. ]

“Crossaster- gaggosus . 5

In the study area, .Eaggosus was complete]y “restricted to ‘depths CEe

greater thin 18 meters (TIQ' 11) and demapstrated an oscﬂlating pattern

Tsokal and Fohif, (1969) 'Statistical Tables.' . . . x
TMs correlation is s1gnif\cant to the'0.05 level; however, this -
correlation appears to result from the tendency of H.eschrichti to

concentrate on-steeply sloped areas rather than a tendency to seleut .
to select a specific aPIe of |nc1inatiun. .
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. . £
of distribution with maxima at TLQ's 11, 18, and 22, and. minima

'TLQ's at 16, 19, 20 and 23. . f

Solaster endeca and Henricia ‘sp.

The frequency of observation of these two species was so Tow

‘that clear definition of their spatiai (and temporai) distribution

.was.not possiblé. Both species are listed in Appeadix. A more i 5

comprehensive examination of the distribution of S.endeca is given in-
section D-II, a study of its movements. '
Values, obained from the photographic analysis, the migration

and movement, and feeding studies, indicate that S.endeca is a

deeper water species, never found aboﬁ a minimum depth of 18 meters

(110 11). .

. The range of Henricia, sp. (TLQ's 13-19).as dete‘rmjned from
the photogrgphic analysis is a peSr indicator of its di;tribution.
General observations of trg‘is species. indicated that it could be found
at any depth ﬁr vosi£10h within the cliff area. ' No determination of
the range of maximum abundance could be ma_de on the basis of these )

observations.

Conclusions ’ ) » 4

As we have seen in.this section the spatial distribution
,patterns of asteroids faund in the c1iff area showed s_ignificant‘
differences Eetweep ‘specjes. both in the rela‘t'lve abundances‘nf each
specieé wiih res‘pect to T|7Q's and_in the absolute a,bundan:e‘,with
respect -to TLQ values recorded. for. e;ch species. Als;w evident was

that the distribution patterns of each species’could be described

-
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in )erms of 1;)cation with respect to depth and s]qpe or distance
from the MAL zone. Although some variation in spatial distribution -
was apparent with’time, each specigs 1is compared for equal time

) periods. Hence, comparisons ’of the spatial distribution patterns to

deterfiine species, differences are valid. "

!

C-I1.3. Temporal Distribution (Cliff Area).

C-II.3(i) General Considerations ]

]:.n“order log’stabﬁsh whether any temporal variation existed
in sea star distfihut(on p;atterns for separate'periods of the year,
the TLQ's were divided into four sections s0 that sufficiently large
numbers of each sea star spec;ies could be exam‘ined for ‘each sample
date. Equal §ized areas of six TLQ blocks were cHosen coinciding ’
with the major areas différentiated on. the basis of slope (ie. areas
é. C, D, E, fig. 11). Abundances were calculated as the number of
individuals of L.polaris, A.vulgaris and H.eschrichti per square
meter of unobscured bottom and were plotted against time.

Each of the four TLQ blocks was tested. for 34 sample dates using
a'two-wa); analysis of van‘ance‘. In biocks where any part T)F the

bottom was obscured (blocks 1-6 and 7-12), the. number of indiv{ﬂuals

1.A'Ithough a_one-way ana s of variance was sufficient to determine .
changes in abundance with time, the two-way analysis of variance

(Wang Programie) was ujed because of its easier mode of 'keying in'
data. Since vertical{depth, TLQ) variation was considered in

section C-11.2 (i4T), these data are not presented here.
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per square meter of unnbscured buttom was used as the variable,
whereas, in blocks 13-18 and 19-24, where no part of the bottom
was obscured, the number of individuals per TLQ (1.5 sq. m) was

used.

C-11.3 (ii) Results and Discussion

) Areas which demonstrated significant temporal variation, ie.
TLQ blocks 1-6 and 7-12 for E.@‘]aris, block 7-12 for A.vulgaris, and
blocks' 7-12 and 19-24 for H.eschrichti (Table 6), were those areas
in which the yearly mean abundance of these species wis highest (data

- are presented in the qppendiqes E, F! G). )

) TLQ blocks showing a significant temporal varfation (figs. 23,
24, and 29, can-be interpreted,as reyresent‘lnn a series of periodic-
uscﬂlatinns varying in maximd and ninimal abundance anq time{ period.
The following interpretations of oscillation patterns vfor “these T~
blocks were utilized to assess temporal changes in abundances of each
species: . ) : N

L 1. The alvl‘itude of each oscillatidn indicates the degree \
of change in abundance. )

2. The period. of each -osi:ﬂ'lation_ indicates the time period
over which the change-in abundance occurred. - =

3. By 'exam(ﬁing maxima aﬁf minima of abundance in all oscillations
over the sampHng time per1ud, a determ'nation of net :hanges in the

'pupulation d,ynam{cs of a iecies can be made.

'an oscillation was considered to be any change in abundance considered
significant” which began at a low abundance (minimum), rose to a peak:
maximum), and returned to a low abundance. An oscillation, then

must extend over at least three sampling dates.




Table 6. Analyses of variance of -the yeir]y distributions of

Leptasterias polaris, Asterias vulgaris, am‘i Henricia
g g °
egc richti for TLQ blocks 1-6, 7-12, 13-18, and 19-24.

.S. - not s1gn'f|cant .
* - significant to the 0.001 Tevel .

1 'Q 6 was mnstl& obscured by algae; henca.v only a very
smalll area of the bott’ou_l was visible. When the number of
indiViduals observed f_o;" this TLQ was divided by'tge area’ of
wmbs?:un'd bpttu to obtain the number of individuals per
square meter of dnobscu;gd 'botfom. invalid estimates of the
abundances of H. eschrichti were obtained. g So that the
'analysis ;f variance was ‘not h(asjed.‘these samplifg dates

‘were excluded.




%
Degrees of . . =
'/Species TLQ Block -F-value freedom Prbbabﬂ'ity- _Signif‘lcgncej
Leptasterias J1-6 10,985 5, 165 _ .0.999 bl
polaris  7-12° 5.5 5, 165 0.999 e
1398 1291 5, 165 0.720 Tns.
o s 5165 08 NS,
Cfsterias  c1-6 182 5, 165 0.902
 wulgaris 712 9.0 *5, 165" 0.9 e
) 1318 078 5,165 0.439 N.S.
19-24 1133 5,165 . 0,655
CHeiricia ¢ 146 1,778 .. 5, 145! 0.879 '
Ceschrichti ¢ 7-12 9,5% 5, i65 - 0.999 s
f s 1318 _1.5% 5,165 . 0.819 NS,
' E 19-24 18.408 5, 165 1.000 -
. g )
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'Figﬁre 23. .Graph of ‘tempora‘l abundance ‘\_gf'

four TLQ blgcks..

s







* Figure 28. Graph of temporal abundance

of Asterias vulgaris in
four TLQ blocks. e Y :
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_Figure 25. Graph of temporal abundance of Henricia eschrichti in
four TLQ blocks.
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é. Time periods zharacterlzed by short-term uscﬂ]ations of?
equal amplitude can be mterpreted as represennng hor1zonta1
movements in and out of the sampled area, rather than evmgra’:wn or -
q mmgratlon . L . i
5. Short term oscillating patterns in themselves indicate a
‘non-uni form dlstnbutwn of a spec1es possibly as a result of
a aggregation formah on. 2 '
6. Short-term adjacent oscﬂlatwns nf high™ agd equal
amp'litud’e indicate a high locomotive activity qf 1nd1v1dua’|s of the’
- particular- species with a non-uniform distribution, Conversely, °
Tong period oscillations of low Smpl(tude indicate .unifov:m dis’tr‘lbution,
possibly with individuals demonstrating a Tow leve_l_ of Tlocomotive
‘activity. d o
g Legtasterias"&lar_is_
TLQ Block' 1-6
In Table 7A, the major oscillations demnnstrated by.L.polaris
in fms,bloc[( are. Ijsted giving maxina and minima. An/ examination '
of these data shows that maxima are high from August 2-’; to Féhruary 9,
and Tower until the end of the sampling pér'iud. A study of minima =
demonstrates that they built up to a peak on Septerrberr 3, and had a
slight decline until January 12. A sudden decrease occurred on
February 2, with mjnima remaining Tow until the-end of the sampling.

period. With maxima and minima considered together, then, a peak °

‘Werti:a'l movement is not assumed, because significant changes in
abundance would have -been noted f r, TLQ blocks on either side of the .
affected TLQ block. Only'L. o]ans demonstrated-temporal changes on B
TLQ blocks which were contingent. Mortality and natality would not :
affect repetitive short-term osc’l’l'latien patterns in this manner.

Aggregatiuhs are later:considered in section I. . - - - »‘
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;

Tab'lé 7.: Time periods of oscillations 1isting the maximal and' minimal .. |
abundances (no. of individuals per square meter of unobscured
bottom) of Leptasterias polaris for TLQ blocks 1-6 (A). and
712 (). : '




&
A Block 1-6 ) T

Oscillation No."'Mininum Value Minimum Date Maximum Value _ Maximum Date

1 0.543 July.30, 1970 [ 3.017 - Aug. 24, 1970

2 1419 sept. 3 2,733 Oct. 15

3 1261 Nov.9 3047 Nov. 23
. 1020 dan. 12,0971 2517 dan. 26,1971 ¢
5 Cogm Rz 2032 Feb, 9

60 T 0569 Marchz 1477 Marchd

7 0.478 May 19 Tasd T uy 14

w8 B. 'Block 7-12

1 0.6 iy 0,190 192 Au. 24, 1970
2 0.803  Sept. 10 2.205 Octi 5
-3 0667 Nov.‘ 2 . 1.561 Dec. 1
s 0.669  Mar. 2,171 1568 Mar: 9, 1971
5 0.571  June 3 Dl dne2s .
sy B 6 L0238 wlyl | 0.9%  awy2s




abundance occurred beginning aro::d August 24, und remamed ranghly

= constant until January 26 with Tow abundances prevailing thereafter
until the end of the sampling period. These large abundance changes
were possibly related to nﬁgration natality, or mortality. As far
as relatlonships between adjacent oscillations are concerned, the
sampling year can be subdivided into three periods and are mterpret.ed
in Table 8.
TLQ Block 7-12

In Table 7B, the major oscillations demonstrated by L Eola.ﬂs

Jin thls block are Hsted along with their maxima and m1n1ma. Minima
rose from a Tow on July 20 to a peak-on September 3, and demonst.r-ated
a slight de;rease to January 12. From February.2 to May 19, minima
are very low. Maxima ‘demnstraté roughly. the same re’lat'lqnsh'lp, with
high maxima occurring on August» 24, Octobe_r‘li. and November 23, A (
graqual decrease in abundance was pmgreés(ve]y re‘gistered for maxima
on January 26, February 9, March 9, and July 1. Hence, the pattern -of
t.emra'l. abundance when both Ihaxim and minima are considered was as ’
follows: abundance peaked during August thmugﬁ to October, then
gradually decreased until the end of the sampling period. Based on
osc:lllation characteristics the sampling year can be subdivided into
four periods. The, nscﬂ'laﬁon characteristics and the interpretation

thereof are given in Tab'le 9.,

. Asterias vulgaris

" In Table 10, the oscmatwns demonstrated by A. vu’lgar'ls in
'TLQ block 7-12 are 1isted g|v1ng maxima and minima. In general, no
clear patter_n can be detepﬂned by examining these maxima~and minima.

However, two tendencies did'appear evident. Minima are highest on.
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E for specific periods of the year by the abundances of W
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N
Dsc:'l}::.lnn Period Chgf‘:j:u\:";;zri‘ts Interpretation
1_.2 July 30, 1970 M Ilnr_ge. equal amplitude, 1. Horizontal movement, i.e.
e ) Tong period oscillations. . between oscillations.
Nov, 2, 1970 2. Haj?r change %n population
" ) dynamics to cayse high abund-
1y » i i an;:es during this period.
= 3.4 . Nov.. 2, 1930 Two, Tong period, moderate . 1. Slow increases and decreases in
2 to ’ amp11tude oscﬂ’l’l_ﬂons. abundance.
Mar. 2, 1971 i 2. Roughly uniform abundance.
5, Mar. 2, 19717 - Short period oscillation, 1. Horizontal mmgément.
- to June 3"71 moderately high amplitude. 2. Non-uniform abundance. ’
6 "June 3, 1971 . Incomplete, o 1. Slow increase in abundance.™

to-July 28'71
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. for épecific periods of ﬂ)g year by the abundances of ‘
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Oscillation
<7 No's.

Period

Oscillation’

Char&acteristics ¥

“Interpretation -

45

July 30, 1970

to
Jdan. 12,.1971

Jan. 12,1971
to |
Mar. 2,.1971

 Mar, 2, 1971

< to

Jll'ly 28, 1971
i

Two_Targe amplitude, sﬁort
period oscillations (1 & 3),

with a long period, merhum

amphtude nscﬂlation (2) in

- between.”

Two, approximately: equally
Targe amplitude, short.

period oscillations.

#6 is of long period, small‘

amplitude.-

#7, incomplete, long period,

. small, amplitude.

N

o - w

« #1 represents a major increase

. #2 reflects a high activity per-

in abundance. °

iod with Tlittle overall change
in abundance.
#3 represents high acﬁvity pro-

ducing horizontal movements .

. 'Period of high activity produc-

i‘ng horizontal movement. -

. Aggregation formation probably

associated.

Roughly uniform abundance result-

ing from low activity and Tittle

aggregasl'on.-fumatian. o

My
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) Table 10.  Time.periods of oscillations listing the maximal and minimal-

abunda)nces’; (no. of 1‘n_d|vjdua'|s per. square meter of ‘unob- A

scured bottom) of Asterias vilgaris for TLQ block 7 = 12.

- i




-

Oscillation No. Minimun Value Minimum Date Maximum Value Maximum Date

0.128  duly.30, 1970. ~ 0.473  Aug. 13, 1970

1
. 2 0.000. - Sept. 3 - 1057 Sept. 15 .
3 0.9 . Sept. 28. - 1.2  0Oct. 5 E
‘ 4 0.223  Oct. 15 0.780 . Oct 20
5. 0.5 Nov.i2 1225 Nov. 9
6 0.55  Nov. 23 5 Dec.'3 .
7 ‘o5 bec. 17 o o 0780 . dam: 12,1971
g 0.000 ° Jan. 26, 1971  0.559'  May 4 '
9 0.224 ‘May 19 0.571 . June 3 ¥
. 10 .o03m Camey 0,589 - June 24 -
' i Toams aay1. LT 069 CGuy7
12 ' 026 ay .. 070 Caya.

S ea w1 g . 0:116 - July 28~
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November 2, November 23, and/December- 17, and maxima are highest from
Septemberr 15 to December 3. If the amplitude and period of the
osclﬂatmns are examined, the samp'le year can be divided into two

major divisions and one small pemod whlch are summarized in Table 'H.

Since maxima and minima cou'ld not be effectively utilized to

< determme the tempora'l abundance patterns, t%ese two mdjor divisions,.
ie. uscll]atwns 2 -7, and 8.- 12, were compared using a t-"test of
unpaired means -(Wang programme). Period #2 having a mean abundance
of 0.748 was found to be sign'iﬂcapt'ly different from period #3 )
(mean of 0,411) to the 0.005 critical level .(P(27, 3.:’:25) =0.998) .
The per1od,of July 30 to September 3 also has-a low mean abundance of.
0.388, ‘and probably represented a continuation of the Tow abundance '

" period of the previous year. B 5

" Henricia eschrichti
TLQ Block 7-12
In Table 12, the temporal- usclllatmns demonstrated by H.eschrichh.
“are 1listed giving maxima and mlnpma. As was the case for A. vu'lgaris,
no c'lear’ pattern is evident from an examination of these maxima and -
minima. Minima are highest on November'2 and November 23, and h}ave
an o_themise fluctuating pattérn throughout the year. Similarly
a peak iﬁnmaxima occu:rred on Nove)rber 9, with fluctuating abundénces“q
} ‘being higher from August 13 to November 9 and lower from December 17
* to July 21, By means of an examination of the period and amthude
nf csc'll'latinns the samp'Hng year can be roughly d1vided 1nto three
major periods. ,These periods are:listed in Table 13 giving the

§ ' .
characteristics:and interpretation of each oscillation pattern.
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Table 11. Interpretation of oscillation characteristics as, defined ° .
" for specific. periods of the year by the abundances of i
Asterdas, yulgaris in TLQ blgck 7 - .12, P ala
. valaarts __ _ i )
. s %
|




Oscillation
“No's.. "

_ Period

Oscillation
Characteristics

<Interpretation

8- 12

July 30, 1970
to-

Sept. 3; 1970 .

Sept. 3, 1970

to

. Jan. 26, 1971
. Feb. 9, 1971

to
July 28, 1971

Low amplitude, moderate pérlnd.

Large amplitude, short pericd
W f g

oscillations..

One Tong period, small ampli-
tude oscillation followed by )
a series t';f short period,

small amplitude oscillations.

1. Horizontal movements,

1. High degree of activity and

horizontal movement.

2. Agg’regatinn formation.
1. Period of low abundance

characterized by low activity.

2. From May 4 to July 28, activity

gradually increases, displaying

1ncrefsed horizontal movement.

\



Table 12. " Time periods of osciliations listing the maximal and minfnal
’ . ibundances_(na. of 1ndiv_iduais per square meter of unob-

scured -bottom) of Henricia eschrichti for'TLh block 7 - 12.




Oscillation No. Minimum Value Minimim Date Maximum-Value Maximum Date

i 0.383 Wiy 30,1970 1.5 Aug.. 13,1970
2 Y 0.485  Aug. 28 0.808 - Sept. 3 -
‘s 0.387 _ sept 15 1953 Sept 28
4 “ 0.557 oct. 15 1.114 Oct. 20
‘5 0.667 ~  Nov. 2 1893 Nov. 9
6 0.667 . Nov. 23 0.778 -~ Dec. 17
~7 033 Jan. 12,1971 1.008°  Feb. 2, 197]
8 0223 “ Mar.z 0.M8  Mar. 9
9 oz my e 0.670° My T
10 ' 0.112 May. 19 0.795  June 17° R
n 0.476  duly 1 1,006 duly 7
12 0.123  July 1 om0 Canya o
0116 duly2s ) 8
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Table 13. Inf.erpretatlon of nscﬂhtﬂm characuristlcs as defined
fnr specif!c periods of the year by the abundances 8
Henricia eschrichti in TLQ block 7 = 12.

.
i
e

S




July 28, 1971

-period oscillations,

Oscillation v Oscillation
. Ro's, Period Characteristics Interpretation
1-5 July 30, 1970 Large amplitude, short period R 8 Overall -abundance reméined
“ to oscillations. roughly constant.
5 ' Nov.. 23, 1970 - 2. Considerable activity producing
horizontal movements. |
6-8 = No'.\_l. 23, 1970 Small al;lplltude‘ lorig ;eriod’ 'I; Almost uniform distribution.
’ to oscillations. 2. Gradual decrease in abundarice.
May 4, 1971 : ) 3. Little horizontal movement
i ) because of Tow.activity.
May 4, 1971 - Moderaté amplitude, short 1. Abundance wis' voighly, constant, -
. to 2. Activity resumedb with horizontal

movement.
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. In addition to the characterisnc nsmllation patterns of these
three perlods, their abundances were also characteristic The mean
abundance of period #1 (0.935) ‘was much higher than the fo'i]owing‘
periods (0.550 and 0.484 for periods #2 and #3, respectively) The

- t- ‘test for unpawed means (Wang pragranlne), was again utihzed to
test -the s_»ig'nificance of the differences bei:ween each pair of periods
(Tabie 14A). These énaiyses shuwed that.period N is significantly '
different from both periods #2 and #3, whereas, no significant differences

ex1sted between periods’ #2 and #3:

TLQ Blosk 19-24

The oscﬂianonﬁpatterns demonstrated by H.eschrichti are
Tlisted in Table 15 giving maxima and.minima. Again, no cieqr pattern
of distribution could be discei‘ned frpr'li an examination of the values
of .these maxima and minima. Throughn:}f the sampling year, maxima and -
minima demonstrated an extremely Fiuctuating pattern’ with the highest
minimum occumng on May 6, and the highestmxinwm ri August 13.
Using the .time periods used. for TLQ block 7-12, the/year was: subdivided
into three periods based on oscillation characteristics.—Table; 16 lists
the characteristics and interpretations of each périndl i

A series of unpaired i- tests was applied i:u each pair of
periods to’ deternnne whether a significant difference existed between
their mean abundances (1.162, 0.926 and 1. 116 for periads #1, 2, and 3,
‘respective'ly). Table 14B, a summary of these t- tests, shows . that

5 i .

. no significant differences tiid exist.



* Table 14,

=105~

Sumary of analyses of ;zan a_h!gndan;:s, nf'_Henrlch-esdlrichtF; -
for three pér19ds of the year (considered by pairs) using a

-~ t-test for unpaired means (Wang programe) for TLQ blocks

V.
! i 9, v
* - significant to the 0.05 level

712 (A) and 19 - 24 (8).

N.S.. - not signlf‘lcantv'

[
1




g

A.TLQ Block'7 =12,

Period Pairs Degrees of Freedom ~t Value ' Probability S_ibnifiqance

AR} 20 2,291t 0.967 - *
143 23 2,638 0.985 o

283 ‘20 v 0.5 0384 . NS. '
B. TLQ Block 19 - 24

Tuz 20 1.024 0.682 nS.

1% TR | 0.08 - 0,048 - NS. i

243 L2 T sl 0.07 N.s.

; ; N
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‘Table 15. Time periods of oscillations Hstln§ the maximal andminimal

abundarices (noh. of ‘individuals per square meter of unob- .

scured bottom) of Henricia eséhr1chti for TLQ blogk 19 - 24,

RS -




Ostillation No. Minimum Value .Minimum Date -Ma'iimvm \/a1|4é Maximum'Date

10387 quly 30, 1970 2556 fug. 135 1970, .
2 077 . sept. 3 TeT St 10
LI "0.778 sept. 28 Dram ok
L S A A d
s 0N, ec. 17 .00  Feh. 9,'1971
6 0.7 Mart2, 1971 178 M9
7 \ ',1.353 L hays “ z.fn. _hym
o8 N0 My 19 1333 May 26
9 . 0667 | dure 3 ST - dune 9
0, 088 dme17 [ .. 138 June 28
L R " P L ety 21
W s .00 . 2ily28 *
°. g



‘2‘T‘.\b1‘c’ 16.° Intervmtltion of oscﬂlation charadteristics ls deﬁned o S
fur specific periods of the year by the abundlm:es of !
i LR Henricia eschrh:hcl in Tl.n block 19 - 24




5 > 5 .
C S - K .
. ' - »
. NS d . g
'Osc'mati%nl( t ~ " ~~". - Dscitation o i R
No's. Period « - Characteristics, g Interpretation
S 1-5-- . July 30, 1970 " Large amplitude’, short period. .1. Abundance in area remained
. S a "= roughly constant.
SR W . Nov. 23, 1970 2. High activity producing pro-
. ' T P - i nounced horizontal movements.-
3 . . i :
' 6,7 .-. Nov. 23; 1970 Medium amplitude, long period. 1. Increasing abundance.

oo : to

- * % 2. Little activity pruducﬂng ow
L 977 - ' N £ degree of horizontal ‘movemént.
8'- '(2‘ May 6,,1971 Small amqlitude. shoi‘(_‘. perioa. T Roughh_( constant abundance.
: o te B A % 2. Incréased activity over period
STty 28,971 LT " #2, producing sone horizental

movement.




."MA ' e ,"'m}'" 3 A
C-11.3 (ii1) Summary and General Dlscus‘sl'ov; of Temporal
: 7 Distribution (Cliff Area)

" In geperal, most of the Wral variation cin be az’:cnunted for
by r;pr'-izontlaymvements] in and out of the sampled areas during periods
of_ !ﬂg.h Tocomotive activity of ‘the particular species. Aggrzgat’:im
}cﬁmtiun (discussed further in section I) may.have accounted for
extremely fluctuating values of the sampled populations during speciﬁc
t‘Ime periods. - . "

It was apparent that other overall changes 1n abundance ‘did tnke
p"lace dur(ng the sampling year. “Such changes can be accnunted for by
the varinus processes of pﬁpulaﬂon dynamics which take place within
“a population.to regulate 'Its abundPnce or density A-simple model -

shmnng the |nterrelntionsh1p of mrtality, natality, and’ mxgration,
is presented in fig. 26 (adapted from Krebs, 1972) From this f1gnu,
it can be easlly seen that 1m{gratim| and nata‘lity Incr!ase population

densixy, whereas. .mrtaln.y and amgratwn decrease dens’lty.

‘A d1fferentht1nn is made in this discussion between mgratinn and
‘horizontal movement in and out ‘of the sampled area.. Migration is
used to refer to large scale movements of a population from-one

area to another; whereas horizontal movement refers ‘to the random
movement_0f sea stars in and out of the:'sampled area. B




- Figure 26.
g

Hode1” presenting the 1nterre'lat1onsh1ps of processes
regu!ating pnpulation densities




+ve

© {migration )

‘e

poputation. . -

natality'—

density ~

ve
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Change‘s in abundance may be causéd by a si’ng]g factor or a |
’cvmplex relationship involying changes in all factors.’ Since detailed
7 studies were not perfcrme'dv t‘n determine the rates of mortali ty,

. natality, and migration, over the yeaf period, the exact causvesb of

population fluctuations cannot be assessed.

C-III. Distrii:ution of Asteroids in MAL Zone

S C-IIL.1 Introduction

k The MAf zone proved to be a dlff1cu1£ area to quantitatjvely -
sample for asteroid ayundance‘ Reasons preventing a éystemat'l'c
survey of this zone y;ere: a high degree of algal cov‘er (prévgnting
photographi}: sampling); a high degree of water disturbance (pr;venting
a regular-interval sampling prngramne). and the non-i umfovmity of sea

star dlstnhutwn

C-II1.2 Materials & Methods -

Methods for deternnnmg sea” star abundance vaned, depending
un}he tempora] cyc]e of algal cover, water dlsturbance, and the
parameter used to describe sea star distribution. Table A summarizes o

: the_ sampling teghn1ques. dates, and purpose of sampling. " -,
' . ! '
C-1I1.3 . Spatial Distribution . C-II1.3 (i) General Considerations
~ In the MAL zone, ;.hree species of sea stars were observed: .two
. abundan{ ;pecies, L.go'la'ris,. and A.vulg‘i:ris, and a less abundant species
H.esch}ichti: Based on quantﬂ;a‘tive estimates of abundance v(i.e. hand
samp1e or photographic samﬁﬂng techﬁiques).the average abundance estimates
nf the three spec1es were 6.000,- 1.014 and 0 029 imdividuals per square

meter of bottom for A: viulgaris, L. gu]ans and H. esc&nchﬁ, respectively.




: Tnhle 'I7 Outlinz of ﬂ\e sumHng nethods utﬂized to. detennine ther

d‘lst?ibutinn and abundam:e nf ustemids found: 'ln the HAL




Beicription of Jecmicee

=

Tt

1. oot Tesporiry T.L. wis rom dlong Botiom vhers a3 T determine Do abioluts wnd rela-  Nept. 15,

Somling techalese  algal come s presest. Photogrishs, 1.8 1
0 seter, were taken slong the T.L. every
15 . Rundon photograsts vere alss taken ©
wherarer gl demity permitted wnakatructed
o of botlor, “Photdiaphs were amlysed o

. outlined In section C-ALIIN).

2. Merd semle <7 1.0 X 1,8 meter rectangle from base of the
chnigee PhOLoIAINIE tover vt moved along 4 tempdr-
i a1y T aatenaing fram €T area TL 10

arva sialgul cover, - Spectes, sie, ot
marbers of 1an stars ware recorded.

3. Tty of distetsPorttion of hch L. polarts or A, winets

. tutten witn St Fecoried with reipect ta matels, The-
reect ta matel  three Categortes used 1n describing s

atitrisaion.

% touching, nd 3. Greater an 0.25 w. by
Trom mtsels.

PonLion and spectes vere recorded with

respect s o ooy exioare cuteer-
fex: 1. Copored aress with vo algee,

2. Capend et wi gee, 3. Lot e
pored arean, and 4. Gége of platess.

Nter of tdividiats of 1ch specio
colected or statniog ws fecorded.

fecdtng dta recerded for every encomiared o
Andielant,

i valoes of ten Star sbundinces* Gc. 19, 1970
10 areas nat covered by algee.

g

To deterning the avtolute and rela=  Jaly 27, 1970

tive sbundances fn are
g,

To deterati the atfect of masgls
om0 dtstriation o L. polats.

A wigerts,

Aug.9, 970

iy 18, v9m

To deteraine Do affect of emsives  Dec., W12

-,

To determine e ratie of A
104 polarts,

toL. pelects,

marts e, 27, 90

comred by’ < 1y 0, 100

Syatematic peimibg turyey, With species and  To detirntng 4 ratls of A, wigerts May 13, 25, 971
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Spatial distribution o‘f}sea stars was’ non-un;'forgn over the
bottom of the MAL zone and appeared to be governed by two factors:
distribution. of mussels and distribution-of protected areas. For

studies ,invo]{?}ng distribution of Sea stars with respect to these : i
parameters, only L.polaris, and A.vulgaris were cans1d‘ered. Distribution r

of sea stars Sppeare'd to be affected-to some’ degree-by these factors

at all times, but during. the pemods of least exposure, ie. May to

August, d1str1but|0n of. mussels appeared to be greater

contv;p!hng ‘factor which cuncentrated A.vulgaris and L.polaris

abundance (Table 18). During the period of extreme expusure, -
% Saptember to Decemher, sea’ stars were concentrated in areas. of

greatest protection (Table 19). -

C-I1I1.3 (ii) Distrit‘mtion with Respect to 'Mussels' (Table 18)

. As stated -in section B-IV.2(i), musséls covered approximatély
50% of the bottom. ,Hence, if mussels had no appa;rent efféct ‘on -
distribution, the expected number of sea stars 1;| contact or.n'ear
mussels would represent appraximétely 50% qf ths total numbe‘r‘ of

' 'sea stars. Since only 22.1% (_L.polaris) and 5.6% (A.vulgaris) of
each papuﬁatiun were .fo;md at distances ‘greater than 0.25 m from a

‘mussel, the mussels appeared to ha:e a’strong influence on the distribution .
of these predators. Also evident is that mussel distribution had.a v
‘greater effect on the distribution of A. vu]gans than on Eolms

_the percentage nf the population dlsplaying cuntact with musse'ls hemg o
much greater for. A vu1gar1 . The habit of L. polaris of resting near

.but not on musse'ls is shown by the high percentage of 1ndiv1dua]s in J

category 2 (also see fig. 27)
Y
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Table 18. Posmnns of Legtastenas go]ans and Asterias ulgari with #
) . respect to ﬂztﬂu edu‘hs in the MAL zane o F . L




- Position of Sea Star
With Respect to
" Mussels

Leptasterias polaris
Number % of Total

Asterias vulgaris
Number ' % of Total

1. In contact with at

least “one missel.

2. No contact with.a

Lo mussel, but less than

0.25 m. away from

mussel, . -

3. Not within 0.25 m. " |
b

of a mussel.

|
, ! 4.4
n 15.5
W Dy S
3 : s : 4 5.6




Table.19. chitians of L’egtasterias polaris ;nd_Asteri‘as'vu]gari‘s -
% with ‘rréspect-to .expnéqre in the MAL: ;qn'e. i




= .
« .
‘ ¥
. % 3 Leptasterias polaris Asterhs' vulgaris .
Exposure = 7. e R .
K e Number % of Total . Number % of Total
1. Exposed areas with
* = 3 - 37 ) © 0.0 .
no algae., ¢ & . 2 )
2 éxpos_ed areas with s
R b 13:0 ‘o 0.0
algae. ¥
3. Less expased‘areas‘,‘ - 4 . .
‘eg. -cracks, 'tnoi1nws. ‘12 22,2 8 .
 troughs, et . . . o %
4. Edge of plateau. . 33 . 611" 9" 52.9
i . "
i # i °




“Figure 27.

Ms-T, e

Underwater photograph taken in the MAL zone shnmng

posihonal re]ahonships of ‘Asterias vi ulgaris egtasterias

’ Eolaﬁs, and Mytilus edulis. eduhs

Note the positiun of Legtaster‘las Eolaris (Lp) on the

Pock substrate, and aggregatmns of Asterias’ vulgaris
(Av) on mtﬂus eduhs
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,% C-111.3(ii1) . Distribution with Respect to Exposupe .

P ) In Table 19, the pchentaﬁes 'of the popu]ations of A, vulgaris /
| and- L. Eu]ans’are Tisted in decreasmg order of exposure, 1 e. ’

categories i\to 4. As can be seen, the per:entages of the popu]atmns

f\ K were 1ar§est in Jdreas of least exposure and smaﬂest in exposed areas.
A1though no est1mate was made of the percentages that ‘each category
represented o? the bottum, it was clear that categories 1 and 2

{exposed areas), cumpmsed a much larger percentage af the surveyed

= area than categor\es 3 and.4 (unexposed areas) Hence. ‘the .concentratmns .
& . of each specles in areas of ]RECHM are highly s1gn1flcant ol . 5

En]arls demunstrated a greater tendency in habitation of- areag of -. -

. exposur‘e than did A. vu\garls havmg 16«1;17% of the population in, areas
) ' ’ ,of extreme exposure, whereas m: vu]ga .1 (0%) were observed in areas
i nfltms degree of exposure.

“

& : »

C-111.3"(iv) Combiried Effec{ of Exposure and Musse'l Dvstmbutlun

N
‘In ‘the two prekus stud1es each factor was examtned |nd\v1duaHy, u.
contro'lhng for the other factor. The perwds of the year durmg \whxch -
. each survey. was ‘undertaken vere :arefu] Ty, se]e:ted to' demonstrate the . '
greatest effect of the parameter studmd \Intermed\ate distribution " %

o w patterns showmg the combined effect‘nf these parameters were assumed o T
but not’ tested.

Several gengra'l observations, however, indicate the'

¥ e o 4
X . vah'dity of this hypothesis. Greatest abundances of bntn*spec'les were

4 ' fcund in areas of protectwn where there were large concentraugls of
musse'ls

Mussel beds, 1ncated in areas whu:h offered. no'or Tittle
5 . .., protection from water dlsturbance were on'ly populated by, sea stars -

durlng exterlded periods of calm. Some mussel beds in a perpetual




their spatnal distr\hutlon A. vulgarls had a, graater tendency t

van7- i W

ol
condition of water dlstur*bance, ie. at the base of Mad Rsck, were
never populated by-sea stars. Hence, temporal r.hang%s 1n feedmg

rate and exposure both gffected the spatial distribution of sea stars

in the MAL zone. . > "

C-1I11.4. Temporal Changes in Absolute and Re'latlve Abundances of

L Eu]am and A.vulgaris m the MAL Zone
As we have.geen in the three prevlous sections, =Y vulgans
and’ L gc!ari demnstrated a degree of \nterspe{ﬁc varlatmn in .-

aggregate in areas: of musse'ls and protection than did L.polaris.

‘in Table 20, the ‘re'lative and aﬁsolute‘abundances of A.vu’lgarl:s 9n&

L. golam are, 'I1sted for various times of the year ‘ The sigaificance.’

© of ‘these changmg RA values is dlfficu]t to Jushfy because of the.

varied nature of the safipting techniques and qrea sampled during
leg.nasu :

* each survey.  Although trénds in RA values ofthese species appear .

. to be clear from these data, these trends may, simp]y be a resu'lt of

’ changes |n sampling techmque wh'lch mi favuur the d1stnbut1on of

one of the species over.the other at a specific samp'[mg date For

i th1s reason, it is feH: that an analysis ‘of these changmg RA values ,

J
& womd be’ meamng'less ] B o f ‘A :
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'*Y-‘r Tahle ZDJRelatwe and absulute abundance estimales of Astenas

- w0 vulgar’ls and Legtastenas polaris in, the MAL zone.

1 Edge of the p'lateau and MAL zone together.
g 2 -Shows the effect nf redistributlon nf sea stars after- ;

the sta| ned sea star swdy

3 ~
\ * Ca]culatlon includes cons1deraﬂnn of lmkmmn sea StﬂTS
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D Mvigrati;:xn and Movement Studies :

-D-I Introduction

Twu stud1es were undertaken to detemnne the degree of migration
and movement demunstrated by three asteroid species. ~-Singe ,theﬁ
population -abundanceesf $.endeca was too Iw to assess from the
phntograph'lc ana1y51s a study of its muvements was undertaken to
\' : ‘determine its distribution and activity in the cliff area.
\ In the second study, s polaris- and A. vuigaﬂs co'|1ected Ln
the MAL zone were stained and releaséd ag} in the MAL-zone to
. - detemmne the extent of emgrahnn‘of thes:?becies from this areva." i

.11 Study of the Movements of Two Specimens of Su]asteﬁ endeca

SS\ 1I1. 1 Materials and Methods ~ . ; N

Two specmens fuund in.area E in’ the spring of 1970 were observed

“t'g detdrmine the degree,direction and character of movement Which they -

. . -underwént in thgir natural envirunn’}enue firét méthod (employea s
.

from June 8 to Juhe 17) CDnslstEd of meaSuring the distance hetween
5 e each speumen and a’ fixed pamt A piton was hamered into,a crevme

near the locatinn of bnth speclmens and the d\stances of each spenmen %0

from the -piton were marked by tying ‘@ knot in a 1ength of an almost - -~

]Thmughout the duration of these stud\es, no ‘other S.éndeca specimens
were observed in. this area; hance, confusion with other S.endeca .
individials did.not arise. Spe ' #2 could be recognized immediately:
from specimen #1 because one of .its arms, was_considerably shorter than . L
. the others, whereas the .arms of specimen'A were of equal length.
CoTouration- of both specimens was also different, Speciimen .#1 was
an orange-purple, while specimen #2 was a deep purple.  A1s0 specimen
#2 could be ‘recognized by a circular band of discolouration on the
aboral surface near the clrcumference of the central disc. ‘

SR A




- to the nearest 5 cms. in the labcratory using a 100 weter tape. Owing

28 % : e
E 4 -121- . f %
g <« s

unstretchable cord at the Tocation* uf the astemids For this
r procedure, one diver he'ld the metal end of the measuring cord
tlmt ag,ainsbthe piton, Hh\le the other d\vq‘ unravelled the rope
frou the s l, plﬂled the rope taut, and tied a knot in the rope B
a point indicating ‘the centre of the central d‘lsc of-each specimen.

from June 17 to October 17, sé:mliﬁg was performed on a regular
‘weekly‘ asis using the TL as ‘a frame of referenc;’z. A piece of r;':pe was

0 .the L to indicate e orig1n for a Cartesian cuordinate system

ith the T serving as ‘the Y axis. After 'locatlng a spemmen, diver

A hu'ldmg the free end of the measurlng card over the :entra'l disc of | | / "

the specmen mt(oned to diver B’ to slide the metal right angle’ along
the TL untﬂ the measuring line was perpendfcular to the T, A knat
was placed on r.he tant’line at the Eantre of the central chsc of the “ i
specimen md1cat1ng the X cnardmate of its position. With diver'B B
hg]dmg the metal nght a.ng’le iim]y fixed, diver A swam’'to éhé origin,

» and tied a knot. in the taut measuring line, indicating the Y coordinaté . -
of the specimen's lbcatéon.. To_prevent confusion, a double I.mot was ), -

placed oh the Y cot;rdinate,' Thé X and-Y c‘oardlnat.es were neasured

to the s‘hght elésticity of the measuring Hne, measuremefits were

taken at the point when the Yope was Just pu]led straight. but not under’

stress. . “‘ . B e
Frum 0ctober 17. 1970[to July 14, 19N, d‘lving!t’im did not

a'l'law this’ experiment to b{tarrled out on a regulnr basls However,

7 whenever either of /these speclmens was nbserved, its approximate
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B position was recorded.without the benefit of use of the afore-described

. t‘}uant'ita’ti ve procedures. Also some measurements weire taken from th

5 transect phntugraphxc series when posslble.

D-I1.2 Results and Discussion / -
g On figs. .28 and 29, the positions recérded for thé tWo
' individuals of S. endeca have been plotted and Joined by al; oWS. in

order to visualize the mmunum path gach individual m1ght/ have taken -

" betweer samphng dates. ‘Jhe exact path and activity of each sea ./
§tar cannot be Hetermined without continuous obsérvation. ‘Howeveh
hy studying the amount of d1sp1acement between samp1e dates,, corre]ated
mth other ohservatmns of acnvny of these speclmens, some ,tentahve

conclusions can be made concern'lng.their activity and movements.

g " . Except for the period A, which is notéd for both’
) S 5 specimens, and B‘ for specimen #1, both in”divi&(als abpeared to be
. q P % ‘confined to a sma'l] area of the hottom, having a depth range of 24-31-
( B .meteys, The area enc]osmg the observed positions (exc1ud|ng “times
L A and B) was approximate'ly 5 X 7 meters for ;pedinyen #1 and ;‘ X 10

T . . meters for specimen #2. . . i

< : 2. During per)nd A (chber 17 - February 20), both specimens .

& 5 . Specimel

o were® observed in area D; hcwever‘. their exact locatmns were not measured:]
3#1 alsn moved frum this area during the permd B, when 1t

moved out onto the sand bottom and captured a Cucumaria frnndasa. -

These observatwns are repurted in section E-III.3. After February 20,
) i = * 5 :

Reszrvcted diving time dunng this perwd necess1tated a decreased
x emphas1s on th1s stud ly.. . o
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' Figure 28. ' Plot of movements exhibited by a single specimen (1)
i - of Solaster endeca.. Axes in meters.’ v
’('_Seé the text for descripti‘qn*of"ﬁ and B). .

<
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Figure 29. Plot of riovenents exhibited by a singla specimen (#2). . .

. of ‘Solaster endeca; Axes in meters. .

#a oz e " " (see text.for description of ‘A.)
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e A total of, 124. Legtastenas Elarls and 154 psteria
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spemmen # moved out of this area; mov‘mg seaward (to the ’Ieft

of the graph) a'long the sand-rock horder

If we cons1der that close proximity of pos1t1ons on cunsecuf)\ve :

dates indicate 11tt'|e movement or activity, and 1arge displacement
on cansecutive d)a-tes indicates periods of hi‘gh aétivity, we see an

activity pattern that appear; to be related to feedmg Movements

. appear to be random, suggestmg a Food - farag'mg strategy with periods
oo of h1gh act|v1ty often followed by periods: of Tow acthﬁ y As
L will be seen in sectwn E-IIL.3, pxey-capture, 1ngestion. and digestion

“of sea cucumbers may take as lang as fourteen days and“during ~

thls period; the sea star undergues Tittle muvement Using these two
factors (ie. displacement and prior | knowTedge of ~feed&ng Eehvavioui‘), v

one can speclﬂa.te on the ma.jor activity, wh1ch the sed stars ﬂndement

" between samp'le dates Smce the mtervaT between s‘}mpling dates was

Targe (usyally seven days), the exact dates on which feedmg ahd

"digestion began or ended cannot be detenmned Hence Tab]e 21,

» ana]ys*ls of the major act1v1ty takmg {Iac@g sampHng mtervals B

for the period June 17 to Octoher 17 Aue not c'lear}y define the
tempora'l boundames of the actwit!es of these sea stars, but refers

anly. to what might have nccurred hetwees samphng dates

D\HI Study of Mavements of Stained Sea Stars L w
o LS % S %
D-III 1 Matena]s and lﬁeghnds PO i b

collected by dwers ‘on March 27 1971 from the alga'l plateau, were
sta'l?d nnboarﬂ a dory, anli returned 1nmed1ate1y t;,u their former

)

. pfositinns. Staimng was accomphshed by suspendmg batches of 20-40

i e 9 B

Asteriss wigaris;.




o 3
3 O O g
. i/
N B ; L
. v "‘
< .
i~
Table 21. Speculation éf the maj‘or ‘activities displayed by . two
b " speciméns of Solaster endeca during movement studies. .~ ®




\,/\ . o
N Vi .
Xl
" Specimen No. 1 L Specimen No. 2

Sampling Date Intervals Major Activity

Sampling Date Intervals Major Activity

June’ 17 - Jull,y‘{ 1, 1970 feeding June 17 - July 1, 1970 fx;ragtng
July 1 - .{u]y 21 S foraging July 1-3duly 77 - “feeding
July 2T - July 28 feeding July 7 - duly21 foraging
July 28 - Aug. 4 b foraging CJduly2l - July.28 . feedmg
Al;g. 4 - I{ug. n *- feeding July 28 - Aug.' & foraging
hug. 11 - Sepf. 1 . _ foraging Aug. 4 - Sept. 1 feeding
Sept? “1.- Sept. 1‘%\’_ feeding Sept. 1 - Sept. 16 'fnraging
Sept. 16.- Sept. 19 » foraging ' Sept. 16 - Sept‘.Z? & feeding .
Sept. 19 - Sept. 27 R feeding Sept. 27_ - Uct. 6. foraging
Sept. 27 - Oct. 6 .~ foraging . Oct. & - Oct.17 . feeding
‘Qct. _G'- Oct. 17 feeding. ’ A )
N
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specimens, enclosed in a burlap sack, in‘a well aerated sotution o®
Nile Blue Sulphate (concentration: \} gm. Nile Blue Sulphate per.l
Titer of sea water (Feder; 1955)) The water soluble vital dye was
vmcured from the National Anahne Cumpany

Records were kept by divers of a

stained specimens oblerved
during each-of the fu]'(owing procedures: '
(i) Fle'(d Feedlng Study -
The position of the observed stained sea star was_ recorded
assigning 1!: to one of the major divisions of the cliff (ie. areas B,
_E‘, D ar‘E) called predation areas fo}" the field ’feeding study.] Hy
(ii) By Use ‘of Horizontal Transect (H.T.)
A 10 Teter, length of rope (same type as TL), marléed, at the
midpoint and weighted with lead, was placed by divers at right angles E
to the TL with the mid-point on T ~#l‘. “Divers usimj‘c'l‘ip boards with
Cronaflex sheets. for recording, and 1.5 mgtév‘.' sticks for reference,
swam adjacent t;7 the HI, in opposing direétians on opposite sjdes
of the HT. Hence, recordings were made of the species of all observed
sea stars fuund on a 1.5 meter strip on each adJacent side of the 'IO
meter HT. Nhen d1vers reached the end of the H.T., thz Tine was
Hfted. repositioned in a similar manner at TLQ #3, ﬂnd the observation -
B . recording procedure repeated. H.'L: series were carried out twice, on.

June 22, 1971 (TLQ #*s 1-5), and on July 20, 1971 ~(TLQ #'s 1-10).

‘Areas B,C,D and E are subsets of the larger predation areas,, defined in
4 section E-II.1 (fig. 30). Areas B, C, D, and E refer to the areas in.’

the immediate vicinity of the TL, whereas, predation areas (B, C,D

and E) refer to horizontal extensions of these areas.on aither svde of

the TL to ‘the boundarles of the study. area. %

k]
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D-111.2 ~Resu|ts and D\'sc‘ussion
D-!II 2 (1) Dbserva ions from Field" Feedmg Study
Of the 278 sea sYars stained and released, a relatively smali
n_umber of stained sea stars were observed to have moved from the MAL
zone into the CIiff Area. Most of these observations (ie. 22 of 24 for
.polaris and 21 of 23 for I\.vulgaris)'| were made in P.A.B. indicating
a very limited degree of movement of the MAL zone' sea stars. 'Although’ '
) the pop;natinns appear to be suMhat restn’cted in their movements ,
some 1nd|v1duals were observed. to achieve 1arge d\sp]acements from
their or-lgmﬂ Jlocation. * On May 31, 1971, two L. Eo'lans were
. observed a great distance from thé original ‘release site. One was
observéd near bTLQ 14, ie. 2045 meters from its original location, a
moveyiient which took a maximum of 65 days. Slmﬂar'ly, the other :
mdw1dua1 was observed in P.A.D. August 11, alsu indicating a minimum

movement of 20 & 5 meters in a maximum period of 129 days. ' -

D-II1.2 (ii) «Horizental Transect Survey

. 1 DurKﬁg the fir%t §amp1ing survey, only one of a total of 28 |
A.vulgaris specimens observed was stained. None of the 27 'L.Eolarié
were stained. Similarly in thé 10 X_"'IS meter (TLQYs l-‘le)v bloc’k 7
examined on July 22, four stained A.vulgaris wére observed of. the

. total-of 64, and none of the 62 L.palaris - gbserved were stain;d.

These' results 'appeai' to indicate that son\e‘degree of movement by

4 A.vulgaris from the MAL zone does exist; however, only a _sma"]] pércentage

‘Note that the ‘large number of recordings of stained sea stars in the
cliff area results from repetitive observations, such that the same
individual may be observed on different sampling dates. A maximum
of 8 stained A. vu'lgari s and 6 stained L.polaris - were observed on any
" one samp]e date. .
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of the total population of an area can be considered miératory durihg
Duvmward movement by  L.polaris was’

neg1|g1b1e accordmg to this survey, since,no stained L. th\r\s
were obsev'ved in this zone.

3
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E. Feeding Studies

E-1° jntr;oduction ' "

Pr;ey, prey selectivity, and rate of feeding have long beén o
considered 1mpor‘tant factors, not only in studies .ovf the béslc biology
of asteroids, but also in 's_’tud'l'es relating distribution of 'a speciés

to its feediné habits, ' A tabular review of aséeroi,d species; Tocation,
prey, and refev"ences '1s provided inFeder and Chri‘stensgn (1966).

Few of these research';rs have concentrated efforts on the species which
are endemic-to the sh;llaw wa‘ters of Newfour;d]and4_ Of - these studies,
‘no referencg is rﬁade to the feeding biology of thﬁ asteroids as {’t‘
occurs in the pr.esent study area. For t.hes'e reasons, an extensive
study of the prey, feeding habits, prey preference, and rate of
feeding of the sea stars’of the study area was undertaken to fill the
void in, our knowledge of the basic biolbgy of Newfoundlén& sea stars.

A cénsideratiun of the relationships of as;nects of the feeding
biology of these sea sﬁrs to spatla\ distribution’ and feeding niche
is also presented Field observations of feeding, coup'led with
laboratory prey preference experments were utilized to e'lucldate
these study parameters.

E-II Field Observations

E-IL1 Materials and Méthods S

4  Two series qf field predation studi‘es were completed: a
pre]imir!ary ‘s‘tudy (frum‘September o November” 1970) and a detai lied‘
study' (from May to ‘August, 1971).- In the prel1miy|av:y study, all




iy ¢ B * s o

<Observed sea stars in the study area were Furned _over, emeined for

feeding activity, and returned to their \gmal position! on the

bottom. A sea star was considered to be gée ng if its cardiac
'stomach was everted, in the case of L.polaris, A. vulgari > and C.papposus,

. R i r
or if prey was observed to be_at 1 vpart'la'l'ly enc’losed by the .

mouth. in the case of S.endeca. A recard was made of the spec!es of

each feeding sea star and .the Spec‘les uf 1!;5 prey on Crona-flex

drafting film. .

For ‘the deﬁiled- pre&ation study, the étudy area was. divided
lnto five predatwn areas (P.A.'s A through E) on the basis of depth
A : and slope . (f1g 30)." Each area (except P.A. A) was approximately

] 9 meters mde and.extended Fur about 50 meters on either side of ‘the °
# -+ TL. -Predation area A was the entire MAL Zone and had an approximate
area of 600 square meters, ' . : '

Us'lng the same methnd as in the prehmmary study, - the detailed
predation study was carried out.on one or two P.A.'s per dive and
the résu1ts fon, each P.A. were recorded separately. ' The following i
information for ‘the detailed study was rei:ord_ed on Crona-flex dr‘a‘fnting
( fo’r ea;:‘h observed seal star: the date of abservaﬂon,‘prese’nce’or
absence of feeding, dnd the species of any observed prey. Six dives
were made during the period of study for each P A. m the following

sequence: 1. P.A. E, 2. PA'sC&D,ands. P.A sA&B

i, ’ @ & AH observations and recordmgs were made by the author while
vthe diving partner surveyed the}rA. for sea:stars for the author to

P observe. 5 st «
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.‘E’-II.Z Prglimiﬁary Study

Leptasterias polaris

Only feedmg 1nd1v1dua1s of this sper:1es were recorded hence,

no determination of the percentage of popu]atmn feequ cau]d be
4 made. Most (14) of the observations wer‘e made in P.A!'s D and E,‘
_and the v;ema1nlng (6) were made in P.A. B In both areas, M
edulis was'its major prey representing 83.3%-of ‘the total 1n P.A. B,
and 64.3% of the comb?neitutal‘-for P.A.'s D and E. 1_Jn1y one other *
prey item was noted in P.A. By Thais lapillus; representling the
remaining lfJ%a whereas in‘_areas D and E; three other prey sﬁecies
were noted: Vulsella‘modioh‘s (14.3%), Hyds araneus (7.‘]1»)1, and
Strongylocentrotus droebachiensis (7.16).  The'prey of one (7.1%)
feeding-sea starvcould not be’ determir‘ed. ’ ?

'

Asterias vu'lgarls
Again no data on feedmg percentages could be detemﬂ‘ned
because the number of nan-feedmg individuals was not recorde_d. In" '

P.A." C, two individuals were observed feeding on M.edulis (66.7%)

and one individual was’ observed feeding on ﬂxés araneus * (33.3%)." .
In tﬁe P.A,'s D and E, four individuals vqué observed feeding, all
upon M.edulis (100%). - 3 *

Crossaste: papposus
A total of 28 C .papposus 1ndividua'|s was exlmmed of wh'lch 18 were

found to be " feeding (for 1percentage of64.3%).. ‘Al observed i
specimens of tMs spec'i\es were located 1n P.A.'s D and E. D\n’mg .
the tme period of this experimenta‘l senes. sea stars yere’the
largest single compnnent, represedting 33 3% of ts total- prey. ‘)\IJ

.




sea ‘stars. observed being fed upon'. ;ere e:lther_ A.vulgaris or

g -@ aris, although the vro'purtion of each species 'i:uuld not be

decemined because uf early difficulties in identification nf partial]y

digested sea stars. i % s B

7 - -Apart fron one sighting of C <papposus (5. 61) feedmg upon a
hryuzoan all remaining identiflabk prey belonged to the phylum

Cn'ldana with Gersemia SpL, Metrld*‘gm sem]e and an“Unidentifiable

k. hydrmd representing 16.7%; 11.1% and 5. S% of its diet respectively.
Prey which could not be 1dent|fied accnunted for the remaming 22. 'IX
of the feeding observations. -

o N . E-u 3 Detaﬂed Feedlng Study

2 E—Il 3.!‘) Legtastarias M J -

s Rl E-I1.3 (ia) Percentage of Population Feeding (F‘Ig. 3);

) &2 o A total of 665 individuals were examined .during this study
for P.A.'S A through E 'Of this. t'ot;aI only 127 were feeg!ng. resultjng
in an average feeding pgvicennga of 19.1. Values of feeding percentage,
hnwever. weré‘ not cwsdnt over the five P.A.'s-(Fig. 31).. In P.A.'S
with stzeper slopes (C & E), low percentages of the populatfon were
. observed feed"lg (9.2% and 4.4%, respect1ve!y), whereas ,- much h(’gher

percentages were observed fezding in dreas of more gentle slope

(P.A.'s.A; B, and D). " = : i : o
. S L '
Also apparent was a general decrease 1nvfeed1ng,percenu'ge Mwith
a increasing depth ‘I.e‘. from P.A. A.to P.A. e ° S A
agl B . B q - I o
O E-I1.3 (1b) - Prey Selectivity (Table 2 . & -
“i "' Leptasterias were observed feeding on 12 dffferent species.
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Figure 31. Relative numbers of feeding and non-feeding individuals

: and percentage.of the population ':feeding of Leptasterias )
» .polaris in thet five predation areas studied in Logy Bay.
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Table 22. Simmary of the detailed feeding study o.f Leptasterias polaris
N i listing prey species and  the pereentag; each prey species

represented of the total prey for each predation area.

Figures in brackets-are the numbers of observations.of

feeding on the prey species.




o . v  ° :

Prey Spe.cies - . P"“"",Z" Area™ = . Total

|7 MWtilus edulis © 88.2 (0) 72.6 (45) 1.1 (1) - - 60.8.(76)

“unknown . - 6.5(4) 22:2(2) 37.5 (6) - 9.6 (12)

* Miatella arctica 5.9(2) . 3.2(2) 4.4(8) 1245(2) 25.001)  8.8(1)

" Thais lapillus 5.9 (2) . 8.1(5) - 6.3 (1) - 6.4 (8)
Mallotus villosus ' 2 i &

~ (Muller) - 6.5 (4) - = 25.0 (1) - 4.0 (5)

‘Tonicella marmorea Vi ‘.- n.a(m 18.75 (3) - 3.2 (4)

Buccinum undatun s 1.6°(1) E 6.3 (1) 2 1.6 (2)

Musculus ML 4 - - LT -, 500 (2) 1.6 (2)

Acnzea testudiraiis - - 1 S T RO

Balanus batanus (L.) - L6 (1) - - - 0.8 (1)

Mnonis aculeata B - - s 6.3 (1) - 08N

" targeretes eostafls < - - - s3M . - 08

.7 Lacuna vincta - 8 - - 6.3 (1) B 0.8 (1)
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over the entire study area. Its dominant prey was clearly Mytilus
edulis

n areas of h'lgh abundance nf this bivalvé, ie. P.A.'s A and
B. In areas of svarse M.edulis abundance (P A.'s C, D, and E),
predation of this blvalve is limited (only one observation ).

In a¥ P.A's, Hiatella arctica was observed to have been

preyed upon. Hence even in areas of high M.eduh“s abundanée,
H.arct{ca was selected to some extent as food. The area of greatest
H.arctica predation was P.A. ‘C, ie. the first region deeper than
the zone of high M.edulis abundanceA )

Ranking third a total ngmbzr of individuals eaten over the
entire study area was Thals lapillus. In the shallower P.A.'s (A and
B), where this species was‘ahundant. seven feeqing_ u‘bservaﬂuns were
made. In P.A.'s C through E where T. lapillus had:a sparseé distribution, -
only one individual was observec! being fed upon. '

.Of the remain’ing prey species, only two spec*es were nori-
molluscan, -the barnacle Balanus balanus [(B] ;nd moribund caplin

(Mallotus villosusy (Muller). Hence, molluscs represented 10 of

the 12 prey. species of L.polaris.

E-I1.3 (ii) Astertas vulgaris .

E-I1.3 (iia) Percentage, of Populationvfeeding (Fig. 32).

During the detailed field feeding study, 693 A.vilgaris

were examined of which 223 were feeding, yielding an average feeding -
. percentage of 32.‘2; A. vulgaris in P.A. B had the nighesf feeding‘

percenfage with 41.2% of ‘the sampled pop’u!ation feedir!g. A de;:rease

in feeding percentage with increased depth was noted for P.A's C, D

and E. The slope of thq P.A. appeared’to have little.or n‘n effect

on the feeding rate.




Figure 32‘.‘ Relative _m‘_rghers of feeding and non-feeding 1nd1v|&ua]s
and peroé;\';age of the popu'latipn feeding of Aéter1as .
vulgaris in the five predation areas studied in Logy Bay. -
) : °F - feeding
NF - non-fee‘ding N
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of these species.

\ the ro%:k substrate. Often fragments' of»Lithothalmian spp. were found

. : . ‘_142.
E-11.3 (i1b) Prey éelecﬁyjty‘(Tabl‘ 23) i
A.vulgaris showed a v;larkgd pr:}rence for M..eduh's over any
other prey. I_n'ar_eas of high abundance of mussels, A.vulgar!s, g
fed almost exclusively on them (in P:A"s A and B, mussels r'epr"esented
98.7 and 91.7% of their diet). Even in areas of sparse abundance

of M.edul such as P.A.'s C and D, which are pnpulatec‘tvhy the

. occasional mussel: disTodged ‘from the mussel beds during

storms, etc., A.‘vu’lgaris selectively on these mussels rather than
on more abundant prey items.

Of the secondarily preferred prey, echin’oderms( rank;’.d h.'lghest,
0Of the tatal.of the remaining 11 feeding observa;ions S.droebachiensis
represented the highest propoi‘tion (77.11) whereas Uthop_l“nolis aculeata
(3.11) and A.vulgaris (1.11) are occasjonal prey.

Molluscs, other than M.edulis, were preyed upon to a ;h‘ghtly les;er
degree than echinoderns ‘(nine observations). '!v} terms of number of
species, no clear pieferenc.e for eﬁ.:i;er bivalve,or gastropqd prey was . -
noted. Of the two species of biva'lve}érey. however, H.arctica was 5

preyed upon to the greater extent (four observations) with only one

¢ .
vobservation being made of predation upon Anomia sp. Two species of

: ‘gaétropuds, Acmiaea” testudinalis and Margaretes costalis, were fed on

to a.limited degree. Only one feediﬁg observation was noted for each

As ‘previously noted *for L.Eula‘ A._vuldaris was bhsérved

feeding-on dead caplin on orie occasion.

Six observations wer;’ made of A.vulgaris wher

ﬁr_zt be determined. ~In these cases, the stomach was . everted onto
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Table 23.- Summary of the detailed feeding study of Asterias vulgaris

Tisting prey species and’ the p,erceﬁtage each prey species
3 wE P

- represented of the tt;ta1 prey for each predation area. '. '

 Figures in tgrackets,aré the numbers of observations of

feeding on the prey species.
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. - in theo Fu]ds af the cardiac stomach. Whether mdwvdua]s were
n the actual plant material or on the fauna assoc1ated .

.with the Lithothamion cuu]d not be detarmmed

E 1.3 (iii) " Crossaster papposus
. E- II 3 (ifia) Percentage of Popu'lat\un Feed‘lng (F1g 33)
\A large_percentage of all observed C.papposus was feeding during
the predahon stuqy. Predation Area D had the greatesj: percenta'ge of
ea s |nqividuals feeding (60%) followed closely by P.A. E (50%). 6f‘the
' ten igdividuals examined'in P.A. C, only two or 20% were observed to
he. feeding. i ; J
- E-I1.3 (§iib) " Prey Selectivit;' (Table 24) ) " .
C.gag‘posus dgmonstréted a wide prey di\?érsity ranging from ' )
coelenterates and echinoderms to the occasional meal of. molluscs.
'[he species most frequentl_‘ypyqed upon -was Metridium Q_'ng. representing
100%, 41.7% and 30% of its diet inareas G D, and E; respectively, .
Echinoderms (including'S. draebacMensis L.polaris, A vulgaris and
- " Psolus fabricii) were also fmmd to constitute a major part of its
e >d1et, but no species could be considered individually important.
' Two observations were récorded of C.papposus feeding'on’chitons.
. Several observations were recorded of C.papposus apparently
feeding on hydroids or bryozoans'. and six observations were made:of
C.papposus with its stomach extended in the typical feeding posi‘:{ion', “
‘yet no definite prey could be identified. In these cases, traces of‘

algae (e.g. Ptilota seratta) were found on the rock substratum under -

the everted stomach. Since no.cases of C.papposus feeding.upon algae




- Figire 33. Relative numbers of feeding and non-feeding individuals
and percentag;.' of the population feeding of Crossaster | o ,
R Eaggn?tis in the five predation areas studied in Logy Bay.
F - feeding W
! NF - non-feeding F PR
’ N
Vo g - ! * i
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Table 24.
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.
Q #
g " R
i W P
. ¥
: b
o
- .
@
U § * & ’ .
Summary of the detaﬂed feeding study nf crussaster .

*- papposus 1isting prey specles and the percentaqe each
prey ‘species represented of-the total prey for each

" predation area.

‘Figures-in bracketS are the numbers of ‘observations of

feeding on the prey ‘species:
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have been reported in the literature, either "hydroid" or "bryozoan"
was -récorded when they were present or "unknown" was recorded when neither a
was present. The pnsswihcy of C.papposus feeding upon algae or
material attached to the a'lgae, for examp]e, sea anemones, eggs;

or having fed upon smal'l anima]s which had already been d1gested and

" could not be rgcogmzed, still remains. - . -

E-11.3 (iv). Solaster endeca
E-11.3_ (iva) ‘Ge'nem Field Observations . CI .
Few ;'ieid observations were made of S.endeca feeding, since ;
_only four individuals were observed over theé entire length of the
. fjeld ‘study and in some instances repeated ¥ observations vere
. noted. * No calculation of percentage- of the population feeding could
be determined since ingestion is such a short segment of the alimentary
pvacess.r (See laboratory feeding observations, and the descript;lurll S
which follows). o % A . v

Ingestian of prey was observed on an]‘y four occasions. On wo

E of these gccasions; the prey was Psn'lus fabricii and on the other. mo.
Gucumaria frgndoga. . )

On the day precez{ing the inge;tim of one of the specinensl of
C.frondosa (May 5, 1970), a large C.frondosa was 'hbse_‘rvéd )l;ﬂ the sand
bottom avppr.ox‘imately six meters from a specimen iif:i:.endeca. " The
specimen of C.frondosa was in péor condition; it ap’%eared to be .
unusually bloated and apparently incapable of contraction of the body

i wall even af't;er repeated probing. On May 6, specimen #1 of S.endeca
had moved-out onto the sand bottom and had begun ingesting the_iw]uﬂturian.
- ) i By May 8, only a small purtign_af the C.fmpdnsa was visible extending

out of the mouth of the predator. The same asteroid was obse‘rv,ed'on.
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May 12 and May 20 resting on the: rock “bottom near the edge of the.sand.
On each occasion that slight pressure was exerted on 1ts aboral ’
surface. some remains of the sea cucumber‘\vere forced out uf the mouth.
As.no further observations were made of the digestion of- th1§ ea
«?q_cunber, the total elap‘sed time of digestion cnu'(’d not;be:ﬁ?‘v:c‘ulateg.
Observed digestion, l}awever, did take in excess of fifteen days.

E-IIT Laboratt;r‘y Stud_yv
E-III.1 Materials and Methods
Two' Taboratory predation experiments were run on each of two
occasions. In one set of predation experiments, Zﬁo'mﬁ volume
. displacement.of each of‘t‘hree prey species was added to two A—frpmg
tanks. The-prey species used were: ‘M.edulis, S.droebachiensis, and
V‘olse'l'la modiolis. In tank one, nine L,gn]aris‘ of thre; size cldsses
(3 in each class) were plac;d. Class sizes \'uer_e 4.5, 7.0, and 9.5 cms.
(+ 0.25) in radius.
g Simi1ér1y, nine K.vulgaris of the size classes, 3.5, 4.5 and -
7.5 cms., radius; were placed in tank two. ‘A1l collected specimens‘
were ébtaingd on a dive at Bay Bulls, and the experiments were set up
;‘pnn immediate return to the M.S.R,L. S ’
Observati'nn; and recor’-dings were made every 24 hours for 14 days,
* of the temperature, nature and amount of prey consumed, location of - .
each sea star in its-tank, and the numbe’r of Eee&ing sea stars. Si-neﬂs
or tests of consumed prey were removed from the tanks, conjnted. gneasured,
and replaced with speci‘mans of approximately the same size. —TheJ sizes




® measured were the maximum ’length and width of each M.edulis or V mdio'Hs .

-149- g

shell and the test diameter of each S.droebachiensis.

For1 second series of prfdanon experiments, three Solaster .
endeca were placed in tank one, and five C.papposus in tank two. Ea;h
tank was supplied with the following prey species in the numbers !
indicated: E

Asterias yulgaris . .
Leptasterias polaris
trongyTocentrotus droebachiensis
ucumaria frondosa E
Psolus fabrici]

Henric 1 eschr] chti

tridium sen
'Gersemi a sp. .

Soumammmn- ¢ ¢

A1 specimens were collec}ed. at a depth of 100 feet near the southernmost
end of Logy Bay near Devil's Point,
Outlet drains were covered with finely meshed nettings so that
no organisms would be washed from the tanks. " A " '
Every 24 hours fnr a period of 21.days, the nulters of each of

" the prey species were counted and 'r'ecordlngs were made of any rlrey

species that had been fed upon by either predator species, and of the

water tenéeratnm in each tank. Any prey that had been eaten was

replaced by a healthy specimen. ’

E-II1.2 Food Preference Experiments - .

E-.XI!.Z%-H Asterias vulgaris and Leptasterias p_ol‘arig sty P
Of. the three prey species presented to these asteroids, .

nn]y M.edulis wag fed on to any extent. V.modiolis was not preyed

upon by either species, and only one specimen of S.droebachiensis

was eaten. (This specimen was eaten by A.vulgaris). Significant
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differences existed bg ween the rate of feeding for each ‘species.

° For the duration of the experiment, A.vulgaris consumed 140 mussels,

whereas L.polaris consumed only 35. The average number of H.edu‘lis
eaten per individual asteroid per ’day was 1.2 'gnd 0.3 respeétively.
Values of number eaten per day weré not copstant over the duration of
the experiment. ; » '

In the A. vulgari tank, the nunter of M.edulis eaten increased
steadily from a value of one to a va'lue of 15 eaten per day bemeen the

first.and the‘,eighth day of the experiment. The feeding rate/ then

” ) ;
remained relatively constant varying between 14 and 17 until/the

completion of the experiment. L.polaris also reached a peak in feeding
rate -on the zi‘ghth day; however, the feeding rate decreased rapidly’
afterw’ards‘t_mtﬂ the eleventh day when no mussels were eaten. For the
twelfth and thifte;nth days, the feet:ﬁng rate again peaked with six
and five mussels being eaten respectively. ’

No :lear\;ﬂrre]atinn existed tween number of M.edulis eaten
per day and tenperature Although rate of\consumption of mussels
increased wim a drop in temperature at day|eight, nd resultant
decrease in feeding rate occurred between days 11 and 13-when the

'témperature again rose to the initial temperature. It is assumed, rather,

that both species required a 'period of acclimation' to adjust to the
new conditions of the Taboratory, such as c.hangeé in 1ight regime,
tempéruture, dissolved oxygen concentratioﬁ, and sali"“y., For "
A.vulgaris, this period appeared to last approximately seven days
before feeding rate became \constal\[t. L. gouris never did achieve a
constant r;!te of feed1lrkj. \

o,
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Although this experiment was not des1gn‘ed to qetenﬂne whether

A.vulgaris or L.polaris fed selectively on a specific size class of

M.edulis, some degree of size preference became evident. A.vulgaris

did not feed on|any specimen of a length greater than-41 mm. L.polaris *
also appeared to feed selectively on the smaller size classes because £
only one specimen\of a Tength greater than 40 mm. was consumed (actual

size was 62 mm. in len

E-II1.2 (ii) Crossaster papposus and Solaster endeca

Crogsaster papposus

During the initial 21 days/6f experimental observations of this . ‘ a
species, I-Ienricia eschrichti was its major prey; representing five of
the seven prey items consumed. Singie specjn!ens of A.vulgaris and
L.m}aris rounded off ihe 21 day diet of the e‘xpe_r;imrital C.papposus.

At the end of an additional H day period in which no replacement
of 'co'v'lsumd animals was made, the fnl]winé prey items were nbserved. ,
to have been fed upon: H.eschrichti (3), Misenile (2), and Ee'r_sala’sp..= (z).'
'I'hrwghﬁut the 35 days of experi;utlon which un- fron; July 15, 1971
to August 30, 1971 the water temperature fluctuated\ ‘between 9.0 and
16.0°%.

Solaster endeca > . t 2 ']
- The duration df this feedimg experiment proved to be too short

for any valid conclusion regarding prey se'lectivlty to be reached. 4 g

_During the experiment, the foI'Iwing prey 1tems were consumed:

L.polaris (2), H.eschrichti (1), ai fahric“ m.
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E-II1.3 Additional Feeding Observations of S.endeca
Ingestion, digestinn, and egestion of a P.fabricii by S.endeca
was examined for a period of twelve days. On January 20, 1971, a
: : large specimen (about 20 cm. in radius) .of S.endeca was observed in ;
Hgmped position gver an apparently healthy specimen of P.fabricii
' measur1n§ approximately 15 em. in length.” ‘For about thréeh days, the
. predator remained mounted on the undamﬁed prey With its stu!nach and .
peristomial membrane enveloping the posterior dorsal surface of the
sea cucuymer. By the feurth day, however,the specimen of P.fabricii
. ~had Tost a'large percentage of’ Hits coelo;ﬁic fluid and its ingesﬁon was
then rapidly completed. : ) \
“The predator, which had remained in ruugth the same Tocation
= in the tank,umoved then to a darkened area. By the éighth day (four,

days after ingestion), tl'!e first 'cleaned'*Psolus plate appeared at

the mouth of the starfish Betieen the eigfith and he]fth days the .
predator was very active, often traclng and retracing the same path
as it moved around the tank. A Targe pﬂe of Psolus p]e_tes was
observed on the thirteenth day at a distance of approximately two

" meters from the predator suggesting that egestion'took place on the
twe]fth day. Since no other plates were observed aftemards. the -total

3 ,a'Hmentation period.‘ was assumed tn be twelve days.

E-IV Summary of Feeding Observatrons

-In addition to observations made during the pre] 1m{nary and .
detailed field feedlng studies and l'aboratury‘ food preference experiments,
'meny casual fee‘ding observations were made fn the vlaboratur,y‘ and in the

P
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Table 25. List of prey of Leptasterias polaris from field and
] ' laboratory observations. ) a
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Location of

Phylum Class 3 Speciés
¢ . Observation
5 : s 3
Mo'l]uscg X Bivalvia MM " . Logy Bay
’ Hiatella EL“;B_ E ,Log\y‘ Bay
Musculus discors . Logy Bay
Anomia sp. Logy ‘Bay

Placopecten ma elTanicus Laboratory
(GmeTTn)

!iE arena}-ia L. Laboratory
Volsadla modiolis Logy Ba&
Gastropoda Thais lapillus " Logy Bay )
Buccinun undatum i.ogy Bay
Acmaea testudinalis logy By ¢*
' Margaretes costalis. Logy Bay N
‘ ‘ ) Lacuna vincta gy By .
Littorina littorea L. Laﬁora;:ory )
& Amphinéura vToinicella marmorea Logy'Ba’y )
Crustacéa Balanus balanoides (L.). - Laboratory
. Balanus balanus (L.) . i Logy Bay K

" . Hyas araneus -Logy Bay -
Hyas araneus, X

Echinodeimata  Echirioidea " strongylocentrotus
" . droebachiensis Logy Bay

b E ¥ . L
Chordata \\ Piscés _Mallotus villosus : Logy Bay
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Table 26. List of prey of Asterias vuigarié from field and laboratory

*  observations.

1 _-The_specimen had been opened by.a large specimenqof
Leptasterias polaris. :

1 UL e
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Location of

Phylum Class - Species ”
- Observation
Mollusca Bivalvia Mytilus edulis Logy Bay
; : 3 ’ © Hiatella arctica Logy Bay
S + ' : Anania sp. ’ . Logy Bay ~ =
1 - x d
. ' Chlamys islandicus Laboratory
P'lacageéten mage'l'lanicus] Labu‘ratary
) Mya arenaria. . Laboratory
” "Volsella modiolis Laboratory .
Gastropoda . Thais lapillus . Logy Bay s d
Buccinum undatum ’ Laboratory
i Acmaea testudinalis Logy Bay -
) Margaret‘es costalis L.og‘y Bay
s ., “Lacuria ‘vincta Laboratory
' ' Littori na littorea . Laboratory .
AmpMnéura Tonicella marmorea ° v .Logy Bay |
. % . ‘1
Arthropoda Crustacea Hyas araneus " Logy Bay
’ Echinodermata  Echinoidea - Strongylocentrotus ' W .
5 - P roebachiensis Logy Bay.
Oghioghoﬁs aculeata Logy Bay
* Asteroidea  Asterias vulgaris Logy.Bay
3y Holothuroidda Cucumaria frondosa Laboratory
N Entoprocta ' —-- unidentified species . Logy Bay. '
¥ , :
Ché;-dafz Pisces Mallotus villosus Logy. Bay )
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Table 27. List of pmy bf Crosuster Egg us from field and
’ Taboratory obsewat!ons. ) . i )
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Class

Location of

——Phylum Species -
. Observation
Echinodermata Asteroidea-  Asterias vu’lgal‘-(s “Logy Bay
o L'egiasterias polaris Logy ‘Bay
v:
Henricia eschrichti+ _ Laboratory ,
Echinoidea Strongylocentrotus :
' drogbachiensis . Logy Bay ~
Holothuroidea Psolus fabricti. . ¢  Logy Bay .
5 i - . 2,
Cnidaria Anthozoa =I'tatv’h:ﬁiml senile ' Logy Bay
Hydrozoa Gersemia si). Logy Bay
A several unidentified A :
. . species Logy Bay
Entoprocta e several_unidentified : .
species ngy Bay .
Mollusca Amphineura . Tonicella marmorea Logy Bay
: 2
. :
4 =¥ oY
% s
g i s Y
5 ~ .
~ P
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' Table'28. List of prey of -Solaster endeca from field and

Taboratory observations.
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Phylum Class 1 Species " _'Locat on of .
B Observation’ -
p E:hi‘nodenna.ta ' Asteroidea a eschrichti . Labora'tary -
. 5 L ' i " . hg ® 5
. «_ Leptasterias polaris. Laboratory N]
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" field. The prey of each spécies observed by means of these casual
observations and the detailed studie'__s, are-included in

tables 25, 26, 27, 28. . ,

E-V Feeding by the Genus Henricia
E-V.1 F1e'|d>& Laboratory Observations N
In the study area, speci‘mens of H.eschrichti were’observed
) positioned on two types of fauna, a yellow encrusting sponge, -
Halichondria panicea, and a w‘hite :encrlv‘sting colonial tunicate, -

Didemnum albidum (fig. 34). ~Often large concentrations of five or six’

were noted on'sponge or tunicate surfaces measuring less than 0:25
meters square. Preference fgr‘ eithe_r H.panicea or D.albidum as a-

a substratum could not be aeterminsd since H.panicea was observed ‘in
shallower water (5 - 15 meters approximate'ly), and D.albidtm was found
in deeper water ('IS 30 meters approximately).. No area was found ¢
with close proximity of both specie] Specimens ‘of H.eschrichti were
rarely observed: with-stomach e_xtrud[d and the majority were observed
pt_)sitibr;ed on the sponge or tunicate ei‘ther wfth all five arms flat
against_the substrate or with one.or two arms slightly raised in the
filter feeding‘position described by Rasmussen’ (1965). ~ No evidence

of damage was noted on the D. albidum, whereas small pocks were noted

on the surface of ‘H. gamcea where the oral region of H.eschrichti was
resting on the sponge. :

Ir(/order to examine the Henricia—‘spdnge- re]at{u‘nship in more
devtaﬂ,‘ a piece of living sponge (H.panigea) was placed in a wet table.,‘
.containing a number of H. eschrichti and Henricia sp. . After-a perio'd ;
of appmximate’ly one hour, three H. eschrichti and two H. sp. had munr.ed .

the sponge. Two v‘epetitions were made of thls expenment on the same




T . ‘

Fiﬁure 34, Co]our photograph of Henricia eschrichti pos1ti‘nned on the

encrustmg tumcate Didemnum a1bidum.
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d;y by muving'the sponge to different Tocations, and in each case,
Henricia gathered on the sponge. Attempts, however, 6o the following
day to attract vHenric’la to t_he sponge were futile. A close inspect‘l‘on
of the surface of the spange revealed séveral large.pockats where tissue
"had ‘obviously been removed. The ‘sponge. in general appeared to be in *
" poor condition; presumably a result of' the method of collection and
B haﬁdling rather than a resuh‘.‘ of damage inflicted b; Henricia. ‘
To test the existence of .macruphqu as an occasjonal .
method of feeding, a‘l'arge collection nlf H.eschrichti (& Henricia sp.-)'
were offered cut-up pieces of herrihg (Clupea harengus harengus’ (L)).
Within a day, many of ,the specimens (both species) affixed themselves
to thé surface of .the flesh and had their button-er stomachs extruded. '
This experlment was repeated with p]eces of scanop flesh with the
|dent|ca1 result. . .

E-V.2 Discussion ;
- The _f_eeding mechanism in the ‘genus Henricia was first commented
. on.by Anderson (1960).' Basing his hypothesis nﬁ h1sto'|og"ii:a'|
obseirvath;ns of the digésﬂve system of H.leviuscula (Stimpéon) and
: H.sanguinolenta (0. F. Muller), he concluded.that Henricia was not
bprmarﬂy a carnivore but rather a flageﬂary—nmcnus feeder relying on
a well developed suspension feeding mechanism to provide the necessary
riutr-i"‘g ts : He tested his hypothesis by placing two starved specimens
‘of He‘!\!ric’ia in a fingerbowl containing Nile Blue .Su'lphate and'a .
susper‘\sion of Mytilus sperm in sea water. "He noted a stream of particles
movi; gxtwards the mouth, most notlceab’ly along the anbulacra'l grooves. '
D1ss tion of the. specimens revealed "cancentraﬂons of dye particles”
in the edemann' s pouches, -specialized pumpmg\structures fnnn_d “in

members f this genus.
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Shortly after Anderson's p8per, Vasserot (1962) reported \

_ H.sanguinolenta as.a predator of sponges. Rasmussen (1965) refut_éd
Vasserot's hypothesis by carrying out feedh!g experiments that. showed
Henricia cii)able of filtering from suspension..dhtwsand flagellates
at the rate of 19.5% per hour.- He ﬁlrther’:o‘nclu‘ded that Henricia .
has a tendency to Tive in an 'energy cda’mensalisn"\uith sponges and +*
that damage to sponges was probably cpused by digestive enzymes found
in the mucuus secretion, ie. sponge ddﬂag:w\is:gt the resu'M: of a
_cun_sclaus ef_furt by ﬂenric‘la to digest the sponge tissue, but'a
consequence of the‘ filter %eeding mechanism. a

. Observations .of the feeding ‘behaviour of H.eschrichti -tend .to

# sup;;o'rt the hypotheses of Anderson-and Rasmussen. H.eschrichti appears
~to demonstrate an "energ& cMnsallsm" not only with a species of
sponge, but‘ also with a specie; of tunicate. Since H.escﬁrichti
';ios,'lt‘lons‘ itself on two d1s_tant1);-ulated tyﬁes of animal which a.re'
simﬂagi principally because’-of their current producln‘g nature, it‘
appears obvious that Rasmussen's hypothesis concerning the VHenrir.la-

.. sponge relationship is correct. Also, since no damage was evident -

on- the heavily spiculated tunicin surface of D.albidum, H.eschrichti

cannot be considered a predator of that species.‘nnd damage erfy'
results on sponges merely because of th‘eir less resistant ‘surface.

" As evidenced by observation of feedi;og by H.eschriéhtl v('and
ﬁéniicia sp.) on dead herring and scallop flesh, members of the genus
Henri(_:ia apparently do occasionally practlse. macrop‘hag’y. Maqrophléy
could only be induced in H_Mllg_ (& Henricia sp.) on dead prey.
No observations of ucti‘v’e prey capture and feeding on 1iving animals '

H ’
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were noted.” Hence one would expect that the incidence of macrophagy
is very Tow in the environment unless large quanhtles of dead animal

tissue are present.

. E- VI Sumary of Asteroid Food Niches.-
E-VI.1 General : § i ot
AN sirx species of sea stars can be catagorized i;m: three
separate ge_n‘eral'food niches acchrd!ng to their food preferences:
’ (a) Mu'l'[usc-Echiv‘wdem (A.vulgaris and L.polaris) '
(b) Coelenterate-Echinoderm (S.endeca and C.papposus)

(c), ’§uspended pav‘ticuiate matter (H.eschrichtl‘ and Henricia sp.)

E-VI.2  Mollusc-Echinoderm Food Nighe
Primarily A.vulgaris and L polaris are predators of mol'lusr.s,
but'some evidence of feeding on sea urchins-and brittle stars was
noted. Althongﬁ'there appeared to be‘an almost complete overlap
e in the feeding niches of these two specie;V several differences were
uncovered by means of field and laboratory observations. The following

enumerated points sumnarize these differences

In field studies, A.vulgaris demonstrated a greater preference for
© - M.edulis than was shown by L.polaris both in areas of high (P.A.'s

A & B) and Tow (P.A."s C and D) prey abundance. ' Laboratnry studies:

. showed that the rate of feeding on this prey‘species'was four times
-~ higher than by L .polaris. © :
2. Brittle stars and_sea.urchins were fed upon by .vulgaris to a
gv:eater extent than were fed upon by L.Eoluﬂs. Laboratory
observations confirmed that both sﬁecies fed t(’l some extent on

,these species when other prey items were absent. o

L
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Gastropods formed a greater pirt of the diet of L.polaris than of

w

A.vulgaris. Of the total number uf observed feeding L. go'laris
in the field, 10.1% Were feeding on.gastropods (6 spec1es),

whereas the figure-for A.vulgaris was only 0.8% (two spedes).

=

In general, a greater number of species 6f molluscs were observed
being preyed upon by L.polaris than A.vulgaris (9 and 4 speciés. -
i 0 P

respectively). 5 o

5. The species varied in percentage of the pnpuhizion feeding in
each predation area. A.vu]‘ghris demonstrated a ;ignif‘lcantly
higher feeding percéntage in P.A's ‘B, C, .and E., whereas

% approximately equal values were observed ﬂyr P.A.'s A and D.

Predation areas B, C, and E had ‘the common characterist1c

of having a‘st:eep‘s'lm:ce..I

This reIationship appears to suggest
that A.vulgaris has a-greater capa:lty‘ than L.polaris for feeding
in areas of sloped bottom. '

1A s’tht discrepancy in the data appears evident here. While
~ P.A.'s A, C, Dand E had constant slopes between their boundaries,
& P.A. B had two slope components, a gently sloped part near the TL.
and a steeper sloped part on the landward side. Unfortunately all
feeding data were grouped together for these two segments of P.A.
B during field recordings. Two additional pieces of information are
necessary to bring out here.. The total percentage of:feeding for
this area is a result of both sloped areas, but the highest percentage -
i u: ;eeding tpok place on the steep slape. an area.of high abundance
of M.edul
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E-VI.3 Coelenterate - Echinoderm (Asteroids and Holothurians)
“Food Niche

o

but that only C.papposus was observed feedlng on coelenterates. Many

and S.endeca as ;;reying on similar prey items. 0ver1app1ng f the

food niche did not appear as’consistent as the A.vulgaris -

overlap.' \Tﬁe foﬂamng summary enumerates percélved differences,

between thése species. '
_»'l. C.papposus was.a much more vordcious active ;;reda‘tor of. ea stars
than was S.endez‘:a. No field observations of S.endeca,predation -

on asteroids was noted, ’lndicating perhaps a low capacity for. i (

capture of sea stars by S.endeca.

~

Sea “cucumbers’ appeared to be the primarily preferred prey of
S.endeca as evidenced by their efficiency of capture Pf sea

cucumbers and low incidence of feeding on other prey.

L

Sessile prey, such as M.senile, Gersemia sp., bryozoans, ani
hydroids aiso formed an important part of the diet of C.
whereas S.endeca was never observe‘d feeding on this type of pi
4. Feeding rates of C.papposus -appeared to be much higher than'S.

based on laboratory observations.

o

Cunpetn!un for similar food resources hus tended to.lead to

different prey selectivity of the two spec1es. ‘S, éndeca has,

+
specialized in sea cucumbér prey and C.papposus has specialized
in aste‘rnid and coelenterate prey. ‘A trend’ by C.papposus towards




nf predators 12

164~
selectivity of M.senile was indicated by field studies. However,

Taboratory studies indicated a preference for asteroid prey.

WE-VI.4 Suspended Particulate Matter Niche

» The food niches of H;esgﬂrichti and Henricia sp. could not be
separated on the basis. of field or laboratory observations. Following

the evidence presented. by Rasmussen (1965) and Andersont 960). these

two spemes must be considered to be pnmarﬂy suspension feeders
Some degree of macrophagy does occur on dead animal tissue (mth the
exception of dead sponge), but the two asteroj‘d species could not be

separated in this regard.

E-VII Discussion of Food Generalism and Prey Se1ectiv1ty with’

Respect to Asterold D1str1bution i
E-VII.1 General,

Field and laborEtory studies sfvmued that al1 four predatory species
of sea s’tars individually fed on a variety of prey species wh‘.l; no one
species constituting the sole source of nourishment. Menge (1972) in

describing his work on L.hexactis, called th1s condition. ' food

_generalism', a term originally discussed by MacArthur and Pianka (1965)

Apart from bging food generahsts, all four predators demonstrated a

marked preference or selectivity in their chgice of prey.—Both the

aspects of generalism and selectivity must be examined very closely in

order to establish the effect o.f' prey distribution o.n the distribution .

E-VIi.2 Relationship of Prey Distribiution to Asteroid Distribution ;
It is a well known fact that a predator must successfully ’

feed on- s prey often enough  to provide the necessary ‘energy input_ to
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fulfill its energy requirements for life. Asteroids, being relatively
7 slow mo'ving, slow feeding, sedentary animals, must live in ;reas where
! b,‘,fth‘ere i§ avaﬂah]e' prey. Principally this means that sea stars av;e N '

/incapable of f‘eedim:;jln one [acat‘ion ‘ang moving off to another distant
area to carry out other activities. The effect of this hypothesis

- is that sea stars mus[he found in areas where there is a suitable
abundance of prey‘.‘.

Since a;ll four predatory species found .in the study area proved
to be food generalists, their distributions are :mt dependent upon

_ the distribution of one or more §pacies. The only restriction is that
at.least one prey spécies must be of adequate abundance and availability
to‘ supply ‘the energy requirements of the predator. Food selectivity,
however, functionally opérates in the opposite direction. 'Instead of
dispersing distributin;\, food sé]ecﬂvity would tend to concentrate
predators in the area of g‘reatest abundance of their preferv:ed prey.

' Let us consider the food niches of the various sea starssand
examine the effect of the o‘pposing principles of generalism aﬁd
selectivity: 7
A. The Mollusc- Ech’lnoderm Food Niche

’ Both A.vulgaris and |5 golarls demonstrated a high degree of "
food generalism. In the.study area we have seen that both species
repeatedly fed.on at least ten prey species. Since representativgs

of these préy species were found in all areas of the study area, thesé

1lmplic1t in the very nature of generalizatiops Such as this one is the
‘concept of an exception.’ A suitable exception which might be forwarded .

- . .is that sea stars can live for extended periods of time in the absence
of prey by réabsorbing stored energy reserves,

E 5
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asteroid species were not absolutely excluded frof_n any one.area,

Evidence that each species was selective in feeding on M.edulis

was overwhelming. Hence Prey selectivity had the\effecg of ‘c_ovicentrating
the abundance of A.vulgaris and L.polaris in ‘areas of highest.

abundance of t‘heir primarﬂy' preferred prey, M.eduh‘s.1 Also

evident from feeding»studies was that A.vulgaris demonsi:rated a

greater preégrence for this bivalve than did L.polaris. The

comparative effect wa; that A.vulgaris was more ab_undant in the MAL
zone, an area of extreme abundance of M.gﬂhlis ar;d L.polaris was more * -
abuv;&ant in the cliff area, an-areaqwﬁere M.edulis was more sparsely

distributed.

_ B.. Echinoderm, - Coe'lenterat_e/Niche E
The p'v-im:'iples of food generalism and selectivity cannot be
) appHed to the two asteroid predators prosecuting this feedmg niche \\
in the same manner as they were applied to the distribution patterns ‘
of A.vu1garé and L.Qo’laﬂs. Although suitable prey was available l'n
an -pirts of the study area, C.papposus ‘and S.endeca were restricted to
P.A.'s D and E (C.papposus were also observed in the lower pnrtjon of °.
P.A. C, ;Ie. TLQ's 11 and 'IZI). " This resi:riéted distribnt‘invi ﬁqttern

directly negates the re]at'lonsh%p between predator distribution and 2
the food fora‘ging strategy pfeviougly assnciated‘rwfth food genev"‘a'l';sm; .
herice, some’other’ causal reiationship must be operating.

Distribution patterns of both species also cuht.radict’ the

hypothesis that prey selectivity wou]dv tend to concentrate predators
* 5 3 .

fMthough this hypothes{s is proposed without consideration of other : 5 o
posiible factors affecting their: dlstnbutlon, it cannot be over-

sﬁre§sed that a mulﬁfactorh] causation is Emphashed throughnut this

thesis.

r )
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in the area of greatest abundante_of their prey. The detailed field 2
feeding study demonstrated that C.papposus had a preference fo:the ’ )
sea anemone, M.senile. However, t‘he area of ‘greatest abundance of
sea anemones is P.A. C (be’tween TLQ's 6 &.1:0), ap area poorly populated '
by C@aggoﬂu‘s. Similarly, if asteroids are consld_e;red to be their .
preferred vprey (Iabor.afory studies )’, one would expect C.Eaggo‘suAs
abundance to be skewed towards shallow water where the absolute
i al;undance of asteroid species is highest. The picture- becomes somewhat
E]earer, h‘owe-ver,‘ifrwe consider the djsérihution patterns -of H.eschrichti
and C.papposus. In laboratory food preference expeﬁments, H.eschrichti
‘was shown to be preferred by C.Eaggosu§ over both sea’anemoneé and
{ other as‘iercid_ species.. ‘As we have seen in section C-I1.2(ii%), the
distHbuﬂqn of H.eschrichti was greatest in s\ope:i deep water bottoms,
a depth range‘ where C.papposus was abundant. However, the ﬁea;; abundance ’
) of' ;.gaggosus did not correspond with the peak abundances of_H.es:hrichti:
in areas of steep slope. ; ' .' ’
S1milar1y the d1sgr'bution pattern of S.endeca, rather than -
demuf\strat_ing a positive correlation »}dthvprefe'rrgd prey ahun#ance
appeared -to demnsf}'ate a st?‘ong negative cprrelation.l In tﬁe study
area, as previously mentioned, sia cucumber abdndanpe wa; Tow, pmé_abe

Sasa result of heavy prédation pre\;sure exerted by the combined efforts

" of S.endéca and C gaggosus. whereas 4n areas of slightly shalTower -
. depth where neither predator was present, large numbers of hulbthur1ans A

vaerx? noted. Thjls situa’tiun was especial'ly(true‘of Dyer s-Gulch where’
.o . <

. Th1s relationship also existed for’ C.gaggosus since it was a'lso
shown tu be a- predator of sea.cucumbers
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a large population of Psa\us fabricii existed, and of the area -~

extendiy‘:g Tandward ffom the studj area where C.frondosa was abundant.
Dlscontimmus abundances img also observed in greas of equal depth.
'Hhﬂe cn]lecting S. endeca and C: frondnsa/A::agurjy feeding and

_light preference studies in a deep water rea near the southernmost

edge of ‘Logy Bay, the author noted 't‘hat‘areas of hi‘gh abundances of
: sea cucurbers and no S endeca (or . paj gmsus) were alternated ‘at the
. 'vsame depth ui th areas of high predator ahundance and lw holothunan
abundances PR B d .' &
As a resu'lt of the apphcation oF food genera'lism and food T
selecﬁnty to predator distribution, we find .ourselves vuth the
'fulloMng contradictury concluswns . T R
; 1. .Food gsneralism allows A.vn'lgaris and L.polaris to inhabit any
o area in the study area, Hhereas, Ss endeca and Cs papposus have*
“Vres:lncted distrlhutlons even xhough ahundant prey EHStS in
all arus of the -study” area. .

®
‘0 - 2¥, Food se]ectivit\y has ‘the apparent effect of causing concentrat'lons

of L. mlaﬂ s ‘and A.vulgarls in areas of high abundance nf thur
primarily preferred prey, but résults in Tow abundances' of prey

_ where S.endeca and C.Eaggns'us are present. - .

L Fir‘s;u let us deal with the food-generalism contradiction.. The -
fie, reéi’:r“‘\'c\ed distribution pattern of C.papposis ami S.endeca ‘s‘uggests e
: Lhat other factors husides prey distrlbutﬂn affect the disthution
patterns nf these predatnrs Since both predators apparenﬂy survive

in areas nf Tow preferred prey ahundance, the slrategy of food generu]{sm
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is-most likely bei‘ﬁ‘g n‘zmp"lbyed. In o;ther'wérds. S.erideca and C.Eag_gésus
are éabahle of réducing the abundance of their primaﬂly preferred
prey to such an extent that they must resort to feedmg on other prey
species: to survwe in an area. Since thejr distribition is restncted,
i:hey" ‘remain fn a specific area rather than foraging in adjoining areas
0 where prey' abunpance is greater. Their feeding strategy appears to be:
to.wait for their priﬁarﬂy preferred prey to'migrate ipto)l;eir feedirig_
area rather than emigrating to other areas in search of prey. Being
food generalists a]]nws them the facility to employ th1s strategy of
waihng
. Several reasons may be forwarded as to why C.papposus and S.endeca
_ decimate the populatiuns of :their pr‘1mar|1y preferred prey, whereas
[ galams and A.vu‘lgar'l s do mot.” .Mussels form 'Iarge aggreganons of
'cIusely packed individuals -and are confined to a relative'ly narrow
depth range. Seconﬂary sett'lement “of mussel ]arvae occurs primarﬂy
in areas pupu'lated by adult mussels. (Bayne, 1964) hence musse1
. ) . beds _have a high rat:_e of recruitment. Mthough predation Erqssure
= i by asteroids may be high in myss’e'ls.beds, the raté of récruiﬁngni is ‘_
’ high' éqbuvgh:tc;;m;mt'ain the population de‘nsit\y,in a state of équjlibrium.
Holothurians have a muqh'largerj Hepth range and recr‘uitment»
is np’t‘ dependent on the presence of _qdiﬂr.s. .Since abundance of
»e " “holothurians is very. d?ffu;a, S¢ende;:“a andkc.ga_gguls'us may quite ea§1'|_y )

decimate a population within a specific area.

-—Ef : LI One other factor may be important in these feed-mg strateg1es

Et ‘$ince sea cucu are mntﬂe, S. endeca and C. gaggosus can remain

wi‘thin a;certdinvterrftnry and wait for the immigration of sea cm:um\n%v‘s.,J
E
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Musse]s, on the other hand, are re'lative]_y immobile as adults.
" Hence, L. golans and A.vulgarls would have to seek out thelr prey.

effect of d1fﬁusmg a p_npu]at'mn of predators into.areas nbt populated

Considered in this way, then, food. generahsm can hZNe the
by their prin\arily preferred prey, or’may allow predators to-remain
1n a spemﬁed area even though their pr1marily preferred prey is
absent or in Tow abundance.

" Food selectwity can affect the di stnhution of asteroids. by
causing concentrations in areas of high abundance of-a primarily
preferred prey“-'_i'tem, or .can reduce the abundance of the_ in-imari'l;{ .

preferr-@:y in an areé ‘by selective feeding by predators.
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F. keproduétive Biology
F-1 Intruduction
Szvera] aspects of ‘the reproductive biology uf sea stars may
be“important in affecting the distribution of a species. Through
‘ the combined efforts ofg number of re‘searcr_lers, most of these
aspe‘cts have been des‘cr1bed for thése species of searstars in other
. areas. What remained to be done for ti\ls s‘tud_Y was ;;ot verify that
sea stars in this’area actually practised reproduction’in the same
manner as described for other areas, to establish the_ brooding -and
spawning, temporal cycles of sea stars in the study area, and to
consider these aspects in their‘,v‘e]ationship to the slpatia'l and
temporal distributiun pattems of these spec1es as discussed in

sections 'C-1I and C-III.

F-11 Ma%erms and Me\‘:huds
Observations of aspects of the reproductwe biology were made

employing an opportuqistlc strategy. Whenever a sea star was observed .

spawning or brooding, dates, nature of eggs, characten’stic vact’ivities,

and any other’ observations directly related to distribution or repruduct1on

were: recorded. Spec1 fic studies of broorhng .polaris were carried

out by recording the location of hrood(ng mdwmuals (observat'lons

being made during feeding st_ud(_es), and by photograpnic analysis of

the brooding activity of an individual L.polaris "located on TLQ 4.’

‘from February 9 to July 14, 1971. Svmilar studles were attempted

. for H.eschrichti, but were unsuccessful because nf difficulties in

Tocating brooding individuals.
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F-IIT Field & Laboratory Observations uf Spawning and Broodlng Activities
F-III.1 Asterias vu1ggri
One individual (male) was observed spawning in Logy Bay, July
29, 1971. No evidence of endemic spa\!ning was visible although
three other individuals of the same species were observed within a

meter of the spawning individual. A spawning period. of July 14 to

August 17 was._established from observations of spawning A.vulgaris
in the laboratory. Endemic spawning was of common occurrence in the

laboratory.

'F-II1.2 Leptasterias polaris -
F-111.2 (i) Spawning and Brooding Periods
The spawning periodvof this species was determined by the,
occurrénce of incipient brooding females. Some ,Yearly variability
éxisted as to the commencement of the brooding period. In 1971, the
fi}st brooding indiv*duél was obseryed on February 2 in Logy Bay,
whereas in 1972 and 1973, brooding individuals were first ol;sewed
in mid January. ‘ ; .

. F-111.2.(4i) Brooding Behaviour .-
One ‘brooding. individual was photograpfied during the TLQ bhow-

. graphic series on' TLQ 4. This specimen adopted the typical brooding
pos%tion :on February 9 (see fij. 35), and re;nained,hronding the eggs

- until Ju'lyv'ld In the typica1 hrooding position, each arm is'bent
sideways, touch1ng the next so that the sea star 1y‘lng flat on the
substrate ‘covering the eggs resarbles a pinwheefl. During the brooding
perio;i. the'mta:ion. of mz‘ arms a.'lt,ematfed betueeﬁ clockwise and .

I
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'
o Figure 35. Outline drawings of the brooding positions adopted by a

‘spe,cimen of Leptasterias polaris located in TLQ-4, from
*Jan. 12 to July '21,‘ 1971,
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“counterclockwise. From February 9 to June 17, no gaps were visible

between each arm; however,’ from June 17 to July 14, gaps appénred

between one or more arms. In general, eggs were laid flat on the
rock substrate, forming a disc, two to three eggs in thickness with
a diameter varying between 2/3 and 5/6 of the diaﬁetgr of the brooding

sea star. ¥ 4

F-lll’.é (iii) Location of Brooding Activity .
No extensive aggr;gati ons of brooding sea stars were evident in
»Lngy Bay; however, some degree of location se'lectian was noted. During «&\
the brooding period, the number of \brooding 1ndividua'(s and number of
non-brooding individuals Wit recorded for each of tﬁe »redation areas
(a-).! . .
An\'examinatjnn of Table 29 which sumamrizes the results of .
this study, reveals a high percentége of individuals were brooding in
P.A." C, and decreasing percentages -occurred moving in either direc'non
away frow’: this area. i % J
A situation worthy of note and colwrlson with Logy Ba,v
occurred at Day Bulls,'where an extensive aggregation of brooding
. L.polaris was observed on February 4, 1371. Since this aggregaci.on
had been previousl,y. observed in October, 1970, it was not suspectgd
to have been foﬁmd as a result of migration related to spawning

behaviour, but as a result of higﬁ pre,‘y abundance. Also, “owing to its

Be

]These values are only. important in- determining the brooding to non-
brooding ratios, and have no validity as relative abundance of
L.polaris in each P. A because the- times spent in co'llect'mg data in
each area differed.-
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'
.
“ . .
" Table 29. Nuibers and percentages of brooding Leptasterias polaris - .- o
per predation area. R ' f
4 ) N .
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ape e l
'lo;anon next to a-cliff at right angles to tf\rﬁrection of swel'l,

“this area was more protected than the —imedlately surroundmg -area.

..0n February 4, approximately 30-40% of the aggregation was brooding

and on a réturn dive,, April 15, 1971, it was est:lmated that the
percentage brooding had’ increased to 40-50%. ’
F-1I1.3 ~Henricia eschrichti

Only two individuals were actually observed brooding in Logy

.Bay,.even though an extensive effort was undertaken to find evidence

“of this phenomenon. The dates of these observations.were June 29, 1970,

. and May 25, 1971. Tn the laboratory, four spawning H.eschrichti were

observed on.February 1, 1971. In the brooding pﬂsition (fig. 36),
eggs are held in: the oral region; arms are pulled together in a
similar positibn as described by Em:a (1966) for L.hexactis,
and attachment ‘to the substrate is made by the dista’l 1/3 to 1/2 s
portion of -each arm. The eggs of one of “the spawn'lng females were

measured with a'hﬂércnﬁeter and foind to be-1.16 nm. (average of 10

,eggs), and the. tota} n_umher of eg;gs laid by’this‘individué'l numbered

227, Mthough'a minimum of ten individuals of this ’species was®
maintained in a wet bench from 1970 to 1973, spawmng and subsequent

broodmg activity was only observed in 1971.

o -III 4 Cmssaster apposus-and Solaster endeca
: No “bbservations were made of spawning activuty of these specles
in_their natural environment in Logy Bay Spawning. by S. endeca was
ahserved omtwo occasions in the laboratory, ‘April 14. 1970, and .
Apn] 11,71973. 0On each’ nccasion, between 500 and 1_000 large, red,
_v_olkyvegg?/@re _la!d. ﬁbsérvations' of C.papposus (male_) ?pawning
g - N
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were restricted to one oqcasian, April 11, 1973, which appeared to be
triggered by a number of other spawning species (S.endeca, H.eschrichti,

Strongylocentrotus droebachiensis, and Ophiopholis aculeata). .

F-IV s@{mw R )
’In general,” the aspects qf the reproductive biology as de-gc;nstrated

by the studied sea s'tar gpécles agreed with p;-evlously pub'lish"ed ’

descrlptwns Table 30 summarizes thé relevant reproduction

characteristics of each specles, 1ndicat1ng by an asterisk those aspects o

which were not verified ‘by the present study (vm contrad\ctury

observations were made; asterisks mere]y ‘indicate observations not

made). Credit is given to authurs who were quoted in- compﬂing the

.table. Since spawning and hroodmg periods are genera'l 1y conceded to

de‘monstrate Targe variations in different locations (Boclootlan 1966).

the values presented in this table® were obtained dunng the present

study. . . : 5 .

.. F-V Discussion

bF-V 1 Factprs Affecting. Bmding Location of Legusterus larjs.

A number of possible factors are. now -presented (Table which
may have an effect on the bmdmg percentage of the pupu!atiuns ‘in each -

area. Each factor is amlysed “in terms of its possible effect on

_bmodmg percentages, and a pussible hypothesis is proposed regarding .
the factq-which are er&'tant in this relationship. i

It is clear fmm thls analysis, that ‘no one factnr ls respunsﬂ:le



2 Gemni11, 1920..
X mt v;riﬂed by dle present study »

Sumnary of the reproductlve bloTogy of the study area

séa stars. -

T Galtsnff and Loosanoff, 1939,




o . Spawning i : Larval  Larval Feeding
. Species . . Brooding Period  No. of Eggs = Egg Size L . .
s Period o . 5 i Development. _ Behaviayr
Asterias " mid July to 3 ‘many . b . b‘ , 1' . :h e
: % = none’ : sma’ . ipinnaria’. planktotrophic!
‘.V—'ﬂja—”—s- _mid August thousand! : i ) .
Leptasterlas ‘pig an. t5 | mid Jan, to 200 - 500 -1z Qirect(mo o eohic.
. polaris " mid Feb. mid July y g ' bipinnaria - |ec]thotrophic
Y . . stage) N
Henricia s : 2 x T ’ .
" eschrichti Feb. Feb. to-June (?) 200 - 300 1.2mm ' direct lecithotrophic
Solaster . % Lfew 3 e Py N
endeca - April none . thousand® T mm *larva ’ *lecithotrophic. | :.
= e : . e .
Crossaster . . - . . few - % e
-papposus ol s + e thousand? ©0.8mm-  *larva *lecithotrophic
~

-




2+ 1Y Table 31.- Assessment of possible factors. affecting the brooding
) : lpéations"{:f Leptasterias polaris. - =, ; o
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fur the differences in brooding per:entages shmm in the various

areas. After individual cnnsideranm of each factor, t.hree\,factnrs

remain that apply to specific locations, and when considered together. )

may éxplain this relationship.. A1l three factors may operate if we

assume that an equal proportion of fam]e§ of the population in each

area are capable of brooding eggs. It appears then that in sha'llow_

)ﬁte’r (P.A.'s Aand B).' bvjocding activity is inhibited by ;;)v’ater '

disturbqlr.e‘. and in deepe.r uate'n (P A.'s C and E) brodding activlty 3

is suppressed by predators of che hrond‘lng iema‘(es. Density' dependence

also may account for the fact that P.A. D has a h1gher percentage of:

hroad'lng because of 1ts relative'ly Tow abundance of .polaris predators,

H:s protection from water d1sturbance, and its h1gh |7 golarls .

abundance. ) 5
. The observat1nns made at Bay Bul’ls teml to support this hypotnesis

for the following reasons: - = 5 =

1. A higher ahundance of L. Elans existed in this area preceding the

brooding cycle. hence, this brjooding aggregation was_in p’art due .

to yearly abundance in this area.

5'

. Even though the. aggregation was restricted to shallow water,’
water d1sturbanne was lessened by bhe proximity of a cliff

preventi ng heuvy exposure,

3. No-natural predators, ie. C.papposus or s.ehde_ca were fnund near

. the aggregation. i o . .
4. Factors one through five (Tah]e 31) differed fmm P.A* C, and
hence are considered relatively unimp,ortan; '1n determining the

. brooding percentage of a popuTation. 2 5
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F-V.2 Possible Effects of Reproductive B‘inlngy on’ Temporal
and Svatia'l D1str1but1on of Astermds

In cons1dervng the effect uf reproductive hic]ngy of an '
'asteroid syec!es on its distribution and’ abundance, three general
relationships must be examined: e .

1. The’ effect.of spawning on distribution, . & G

2. The effect of brooding on distribution.

3. The effect of Tarval ‘settlement on distribution,

1. .The_Effect of’,Spawning on ﬁistribution
" The possible effects of spawning on the distribution patterns .

. of & species pose two ‘questions:’ Do{es’ spawning cause any geneyjazl‘j
migration of individuals to any particu‘lar}ocation,‘ and/or, dogs‘
spawning’ have aﬁy'apparent effect on tr;e‘aggv;egati‘ve tendenciés of a-
species? 'The former quEstinri can be assesséd by exam‘ining},;he temporal
distributiun_s va‘nd d’etem‘ining whether any. significant changes took
'p'l‘ace du}‘ing the gi,ne directly preceeding and duriﬁg vthe spawning
periods. The latter question was assessed by general.observations and “ ’
inferenceﬁv from. Eémporal di'strihution of sea stars diring spawnir}g, ;

.per\ods (ref. section C-II. 3(11))

(A) Leptasterias M ﬂ I / y
In figure 37 the spawmng pen’ud of L. Eolans is” mdwéted on

Ta graph of temporal dlstnbutwn in areas B (TLQ's 1-6), C (TLQ's 7-12),

D (TLQ's 13-18), and E (TLQ's 19-24). No distinct migration associated

with spawning can be c'leaﬂy discerned in any of the regions; hoﬁever",

_in area B, large fluctuations in abundance appear to indicate qggregative_ P,
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. Figure 37. Graph of temvora'l ahundanue of Legtasterlus m
3 'wiﬂl respect to four TLQ blocks, vdr.h brooding and, sparming
per'l ods indicated.
w— spawning period.

“.. .. ===brooding period
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tendencies wi th’lnv this area, but;, no large movements in and out ‘01;
the .area, ie. to deeper or shél'luwer water. Compared with the rest of
" the year, nn Fluctuations o‘vf suéh amp1i tude ;take place. -. General
observations do not, however, support this hypothesis for no large
‘ scale aﬁgregative behaviour was noted in Logy Bay: The possibility
of the occurrence of this phenomenpn. however, is snggz_asted from
observations mgge of L.go1;ris in Bay Bulls, and from the pussx’bi]ity’
of actifal 'Iy. not observing this phenomenon because of, infrequent dives

during y:nis period. - -

. (B) “Asterias vulgaris R

Again, no Clear tendency of large scale"nigratip‘n was evident. -
.In contrast to L.p_ohrj . unusual;f'luct’uat‘lon patterns did not " ;
vcharactériie the time period before, tduring, ‘or ilmied\‘ate'ly after - S'
spawmng (f\g '38). General observations (1aboratory and field)

indicated that spawning 1nd1’v1duals were not assoc1ated with aggreganans.v

(C) Henricia eschmchh o &
S'lnnlar\y. no extreme changes din. abundance became ev1dent

i durmg the spawn1ng pericd (fig. 39) 5 N

Summary A 5

) “In general, then it appears’ that no changes in d\stnbution
patterns result from large scale migrdtory tendencies of the
population assoc'latgd with spawning. ‘Aggregatlon formation associated
nith spawning may account for the extreme f]uctuéj,jon patferns of -

‘A L. go'lnri during the spawniné period. Datd for temporal distributions
do nut bear out the same aggregatwe tenden’ £s for A, vulgans and

< Ha escnrlchth . . &"_.__,}f
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~. Figure-39. ;G’r'aph'of temporal al;ﬁndance' of Henr:
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) -2, The Effect of Brooding on Distribution | o : ,‘r’T/
3 . If we assume that certain locations are more favourab'le for
M brood'mg t.han other areas, hroodmg behaviour has the Effect on the

adult populatign of conuentrating -more females in these areas Since

‘movenent of L gglaris is limited, adults would tend m remain in the
neral vic\n\ty of these-areas. from one brooding seis(m to the next. . i
The. second effect of selective  brooding locations- on

e °
\ e disgribution is that centl\ ‘of abundance of Juvenﬂes nccur m

'hroodmg areas. If no large scale movements of Juvenﬂesmccur, the

: dLsthution patterns of” juvenl'les wculd correspond to the distribution :

of brooding fema]es. ln this way, the d1stribution patterns of adu]ts . -
v dis perpetuated by ‘the next generation assuming no migratmn and cnnstant

" survival factors within the study area fnr successive genarations.

" The Effect of Lqrva'l ‘Settlement on Distribution Patterns
Again, assumng no migrat_wn of .individuals, and constant survi:a]
factors in all settlement areas,. distribution patterns of a species

would be depéndent upon t.ne nﬁstribuﬂon patt’:em of settling larva

No d\rect evmence of this relatinnship is avallable for the “study
r A ) ' area, but strong supportlve evi dence is avaﬂable from other snurces
h Analys1s of sett'lement travs p1aced h\ P\atenth Bay by the M. S Rl
Mussel and Sca'l'lpp Survey, indicated that the number of settled.

PR

m 5

R vulgarvs iarvae dacreased-w#th depth “This patcern co‘mo{des vﬁth,
the spatla'! distrlhution pattarn uhtained durtng this study of | .“‘0
=P, L _adu]t ‘Avilgaris ibundance . _: - 3 N MG 6,
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e : L’oo;anoff (1939, p. 110) Fig w26 .from their study h‘as ﬂlotted the
'number of starfish set and number of adult starf{sh against ‘depth.
The d\stnbution pattern uf starfish set }is almost 1dent|ca1 %o the o ;
distribution pattern of adults

(A similar argument can be used for C‘Eaggosus and S.endeca endeca

4 farval’ setﬂement These species lay larde yolky eggs and Tarval

Feedmg is lecitﬁutrophxc (Gelmuﬂ :1920).. Since these eggs and

developing Tarvae are heavy (Thorson, 1950), and nght'Iy negative]y

buoyant, settlement would tend o be in deeper water, \;omc1dmg

w1th the adu'lt popalation. In'this way, a perpetua] deep waber

s d1str1but1nn is maintained. —

: In genéral, them, we/ can conc'(ude that sett]ement of larvae A N

_effect of . per| ting-the dlstnbutlon puttem of
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~" 6. Growth nf Jivenile Asterias vu]gar\s
G-I Mater\a’ls & Methods

** Cove, Placenua Bay on August 30, 1972,

t and Hiatel

B o101

A r:u'l'lect'ion of sea stars was obtaingd from spat collectors

. which had been p'laced in mid-waterin a’ P otected area of Eavrden

y researchers of the M. S :R.L.
From seven cn'ﬂectors, retneved on Apr]l 26, 1973, a total of 'I'I5 sea

stars was, removed, measureﬂ mth: calipets, ahd wetghed on a Mettler

balance.

G-I1 Results bt "3 s

AN sea stars gathered by the spa\t cuﬂectors :resu]ted from

B sett'lement of brachiolaria larvaé arid were all identified as A. vulgans

Collectors also cantamed moderately abundant collections of M.edulis,

Placopecten magellanicus, Anomia s1mgle (d'o rt(nqny), Anomia aculeata,

arctica. Size (radius)-and weight data were, ana]ysed
by class'lng the data and determining the ‘mean, standard devlation and

variance uslng the Warlg desk computer progrannne fur grouped data..

"C'Iass intervals determined by the formula Range , were 0.03 gm.,

Range X 4 %
g . S.D.
‘and 0 ID cm. for ymght and radws respectiveﬂy

A wlde range of sizes and we\ghts were recurded for’ the col’(Ected"

. sea stars and are sumarized as sue-frequency, and welgh frequency

in” Tab'les 32 and 33 J N i e o ¥ o

Analys{s of other spac cuﬂectors remnved per1od1ca‘l1y from

P]acentia Bay determmed thaf settlement af 1arvae tuok p'lace during
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. Table 35, He!ght-frweqc}!distﬁb&i{oh of juvenile Asterias

gd"ectgd by spat cnIlleet'oi-s in Na}:ehﬂn Bay.
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Heightlc’lass (g) 3 “Class’ Mark (g). . . Frequency

B - T o.0000 . 0.0150 E o 9,
' 0.0301 - 0.0600. _© -..”0:0450 o
X L 0.0601 - 00900 0.0750 . 15 '
S C oo soao: L oo bt
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! o 0.4501 - 0.4800 L o, . o s !
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1.15m _(ra;ﬁus increase) and 0.24 g (weight increase).
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the month of September. Therefore, the period of growth for these
sea stars was October to April, or roughly seven months. rThe mean .

rate of grw’th per month, calculated using the mean values were -

6-III Discussion

Growth has been shown by var us- researchers to vary according

to size of individual (Galtsoff an Lo anoff, 1939). food supply

(Mead,1900; Galtsnff and Loosanoff, 1939), temperature (MacKenzie,
1969;° Smith, 1940), competition (Menge, 1972),"and other environmental”

_parameters such as turbu'lence (Galtsoff.and Loosanoff, 1939). Sea_ﬂ

, stars ‘examined during this study were reared under a unique set of

conditions _and‘ may have had a gréwth ‘rate very‘d‘ﬁssimilar to sea
star; found ‘in the study area in Logy Bay. 'Logy Bay differs frnm
the spat collector cond1twns by havmg amore turbulent environment,
more canpenturs, more predators, and different food. avaﬂabi'llty
and abundance ’

.' Freviously published qrowth da';a for A. vulg_ari s and A ruh ens . -

‘(sumnzed in Table 34, From Ha’lpem, 1970). Tist growth

values (usual]y usfng radius R) much higher than thuse calcu]ated fnr

: l:hese sea stars. Bis w AR A & S5

Reasons for this discrepancy are probably due to the size—ef 4

1ndiv?dua1 exdmined, the period of the year. and the physica1 parameters .

of the environment. The mde range of slzas and weights encnuntered in .

this’ stud; A ]
p .1s s y‘re'su‘l\st/ukely‘from the vari_al;)l_e feug. supply found inf the' .




) Tab]ig 54. Sumnary of previous 'rep rts nf the growth. rate uf

Aster‘l as

ens Bnd A.




o Ay
i
A .
i \f 3 -
/ . : o
LN -
-, 0 o .
T a Growth Per Month <
Species . Reference . “3 Y e 4 -,
_ T O i R
P " . Asterias rubens Hancock, 1950 L T
! == A G oo
_— . Asterias rubens - Bull, 1934 . " 3.9 -
Asterias rubens . Orton and Fraser, 1930° T4 i ¢ 2
" Asterias rubens Barnes and Powell, 1951 887 - i
Y _Asterias rubens . * Vevers, 1949° . 5.0
: Asteriss vulgarls  Smith, 190" 10.2 ’
% T = .
% (T 2 x
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. .spat collectors rather‘ than variable periods’ of gvthh because of | "
time of sett'lement. Settlement we( observed to be over by the v
beginning of Dctoher, hence, all sea stars would have a.yery sma],]
rgnge_of growth period. [e. 7 mo_nth; +1/2 month’ (max}mu > Distribution”
"of asteroid prey‘«within tht’a spat ch]éctors was non-unifotm; tﬁus,’_
i jthe larger individuals may have had a greatev- food avaﬂah\hty than

the smaller mdwiduﬂs. L N o

. In sunmary, sea star growth rates as aetem1ned by this study
are extremely Tow in compamson with gi‘owth rates of A.vulgans and
A.rubens determned at other 1oca’les, and may nnc be 1nd1cative of

the growth rate of sea stars in the study area.. Since gruwth,rates k'

may vary vin:h the size of the individual and tire of the yeav“, these

* growth values-cannot be considered re:;)reseptativg"of the overall

 growth réte of A.vu]g'aris found in Newfouﬁéland‘,waters.,
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H. Pull Capacit} Experiments

4H-I Materials & Meth;ads‘ :
' A series of . 1aboratory experiments'.was performed ‘to determine
whether sea ;tar species varied’in their cgpacity to remain attached ’
to a specific substrate when pulled upon by an zipward force dire;fed
along the o}‘al-ahora] axis. ’ b
ﬁ-i.l _Experimental Apparatus ’
. 7 Each sea star was placed in an area ;f a wet iable‘ buundez'i on
either side by a board enclosure. The space between the Boards formed
; a channel extending from the inflow pi;;e at one end to the outfléw d'ra‘1n

at the other end. The inflow pipe was positioned so that water wa§

>

caused to flow parallel to both the surface of the tank.and the enclosit

boards. Tﬁis. apparatus was constructed tt; fur‘ce the sea stars to,
.- attach to the substrate while wit.hstanding a current directed along th‘e"
channel. ;
A "Chatillon" éemper’ature-compensa&q spring bala_née was hung
above .the tank by means of roﬁe ahd pulleys to measure‘ the maximum
T = amﬁunt}f pull each individual sea star could withstand. When tested,
each sea star was fitted with a harness (fig. 40) which \;4as attached : =

.tu the hm;k of the spr1ng balance by means of a metal ring.

H-1.2 . Experimental Procedure
_Each tested sea star was p'lacedifin the channel and allowed to

'rést' momentarily. The water in the tank was then lowered by removing °

e - .
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the tested sea star were firmly attached to the substrate.
Attachment was tes\ed by pulling gently upwards on the sea star:_
with thé thumb and inWex finger, grasping the sea star on the lateral
mrgins, of each ray. .1 .

When successful attachment was achieved. the sea star was fitted
With two harnesses. The metal ends of each harness were shpped onto

the metal ring and the metal. ring was hung on the hook of the spring

'balance,(fig. 41). Position of the spring b_a’lance was’ then adjl_xs.ted

s0 th;t the pull exerted on the sea star would'be perpendicular to .

the aboral surface div:ect_ly ab‘ove‘ the centre of the central disc;

The free end of the pulley rope was slowly pulled by the

investigator until a pull of four-ounces was exertedon the sea

star.‘ After a 20-30 second perfod of ad;ust.meﬁt. t‘he force was

again slo;dy ‘Im:‘reased. stopping at’ each ounce for approximately one

second. The maximum-pull that each sea star could uiﬂtstand (i.e. the

poundage at ‘'which the sea star came freé from the tank bottan) was

recorded. Every sea star was tested in succession until three consecutive

successful trials were completed. If.any of the three trials cou'hi

not be performed on an 1ndiv}1dua1, that ir;dividual was repl?ced _and

not considered in ?.he data. The nuwber of individuals for each species
_‘ﬂ:at cou'ld not ‘be tested was recorded. Ten individuals of L. Elar!'s."

A.yulgaris, and: & gaggosu were tested successfully, whereas only six -

S.endeca could be tested. H.eschrichti could not be forced to attach

,10n1y six S.endeca were tested because of a lack of expenmenta'l
animals and not because of difficulty in testing them. 1




Figure 41. Drawing of the expei‘imentaj apparatus used in studies of

- - a
: o " b

c
d

L

f

9
-h

e v, Pull Capécity of the'severa'l‘ species of ‘asteroids:

- suspending bar
- pdlley’ ‘ .
- spring balance :

~ harness

- sea star

- board ‘ericlosure ‘ o -

- fixed éqd’ of pu]'iey rope

- inflow pipe







" to ‘the surface sufficiently well enough to w_ithstan& the nﬁv;imnn

. LTl o, -202- § 4
force (1 nun’c’e). AN val 'es fiere converted to gr"ams:

.H-II Puﬂ Capacity Results & Dlscussmﬂ

The data from these experiments were cansidered in three ways.

1. Pull Capacity (PC).

"h absolute value expressing ‘the mxiwﬂ(‘ force a sea star can .
resist before it is pulled away from the substrate is presented only

(ur cormaarisan with prev!ousl,y published results. Since the tested

. valueé of pull capacity of a specles may vary great]y with exper1menta'| .
'n*et{od, substrate, size .and physiological cond!tion nf individuals,

and experlmental condiﬁons (pnmarﬂy tempcrature) l1tt1e1tress 1s

’Bplaced an’these\absolute values by this aut]wr..

\ .
. Table 35 ]\lsts the experimental values obtained from the pull

'capacity"exper?ments. The maximum value of éo'lo.Zg obtained for

L.polaris exceeds all published values for other species. The closest

value hither{'b\pubﬂshed is 55300-'g for Evasterias troscheli (Stimpson)

measured by Christensen (1957). Other values, especially those for
A.vulgaris (maximum 2438.1 g) fell well short of expectation.

- Christensen (unpublished, cited in Feder & Chrlsvensen.r 1966),

recorded a valle of 4000 g for A.rubens, a closely related species.
As previously suggested, these data are of |ittle comparativ; significance
because of variable experimental par“ameters. Means and.standard
dev’lations are ’I(sted in Table' 42. ’ ) .
2. PuTl Capaci ty/Radius (pc/R)

In order to compare values obtained frnm this experiment, PE .
was divided by R s6 that similarly sized individuals of each species
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Table 35, Pull Capacity (g) of Legta;terias polaris, Asterias
"wulgaris, Crossaster papposus ,-and Solaster endeca for

three trials.
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.
cou'ld be compared. Although an attempt.was made to select appraxmate]y

equa'l -sized 1nd1v1dua1s uf each species for experimentation, a wide

range of sizes resulte jécause of the small number of collected
*'specimens from which selection was made. From these values, (Pé/R)
presented in Tab;lﬁgs. it fﬁan be seev.that L.polaris had a value much: .
higher than thz dﬂer species, and that differences between .the
remaining species can be noted. To test the significance n‘f thesg

. differences, two s1gmf|cance tests were applied to the data

The f1rst test, a two-way analysu of vawiance considered

the 'PC/R values‘t. of the ten individuals (six for s.endeca) of

each species for thkee trials to determine whether sign1f1cgnt x
differences existed l:}etween individuals of a species, and whether‘
significant d\fferences exlsted between the first, second, and third E
trials. These data, presented in Tab'le 37, showed that no significant
digferences did exist between individuals of L.polaris, .vu]gar\
and-C.papposus whereas significant difference did exist for S.endeca .
ind\‘vidué{s A signiﬁ'cant difference between trials for species

‘L polaris ) A. vu!gari s and S.endeca but not for c.gaggusu 1s also shown.
by this tabha . . 3

In the second‘test; a une-way analysis of variance (Wang

‘ngralm‘\e) the significance of 'interspec"lfic di fferences based on the
first trial were examined. From these results listed in Table 38 we

can see that the differences between the species, considered together, :

These di fferences hetween trials are pres!'nted in the next section

entitled: "Reattachibility": ¥ o




¢ .. ) : g P ) -
Table 36. Pull Capacity / Rad(us (g/cm) of Leptasterias polaris,
g _ Asterias vulgaris, Crossaster papposus, and Solaster endeca

& ) ¢ ‘fnr’mrge trials. |




%0001 w2l Ov'elt

- - e W Wk 606 vz LvE oL .
- - osELT sl e2'ee WL 00U%5 SERZ 6 \ﬂ ..
- - - e sUw 0L oo wee oos . 8 )
- - - ¥EL wor 499 20°s8L  8y'982  09°269 ! ] X
ﬂ/.mv - 6L99 EL0L £0°0S  89°92  'EL S2'0IL 0892z Ovler s
\uo\nﬂ or'y9  Lo0t10L sE'Y Sy .nn.ﬁ.ﬂ. €802z WUy Ly'esy s
(61 9U0s sy BE BB, 08Bl S0l ¥susE EsIs ¥
& , 8°0s 19°09  v6'68 68°1E 1’92 65 oee gruc 09°¥ES ,n.
3:& €or wusz 0’9 e, 02ey s :.——n. 05°022 z
9992 L6 S0l sob s0'v. Sz sose L i iad Tuepu
3 z t € z 1 € 2 i € 2 ) o 19l ]
T T | e e T WA . TP e
\

&




- Table 37.

-206- <
"
. - . =
e u® : .

Results of a two-way ana!ysis of variance to test the

significance of 1;|traspec‘if1c differences on the sa'mg

trial (A) and d!fferenceg between .thre'é trials, (8).

N.S. - not significant to the 0.05 level

** _ significant to the 0.05 Tevel o=
- —~—

*** _ significant to the 0.01 -l_evel
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Table 38. , Results

significance of interspecific differences in values of .

N

of a one-way "anélysis of variance to test the

PC/R for the first trial.

53
*

Nis.

- significant to the 0.01 level
- significant to the 0.05 Tevel -
- ﬂnnt‘significant to the 0.05’ Tevel

i ;




—
t e .
_ Species c:’:mbinatinns‘ F VaTue Degrees ot Significance
.. . < Freedom .
L. polaris - A. vulgaris - s
C. papposus - S. endeca’ - 33.30 3, 32 e
L.;. m- A. wulgaris 33.51 1,18 - .
L. polaris - C. papposus .61.96 1, 18 ko
L. polaris - S. endeca .22 1,1 =
* A. vulgaris - C. papposus. 6.38- . 1,18 B
. A. vulgaris - S. endeca’ 2.35 1,14 N,& .
C. papposus - S. endeca 1.09 1, 14 NS,
A. vu1g’aris - " =3 - o
C. papposus - S. endeca  3.97 ‘2,23 *
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were highly s1gn'if1cant: By examiniﬁg the species-paii- combinations,
we see that most of this significant dlfference results from the highly
s1gnif1cant differences between L po'lans and the other three species
Of. the other three species-pairs, onlyA.vulgaris and C.papposus were
considered to have a’signif‘lcant difference. The combination of
A.vulgaris, C.papposus and S.endeca when considered together, however,”
showed significant differences. - Since differences in c:mparisun v_«ith

L.polaris were considered significant all species were ;:ampared

- using a PC/R index (giving L.polaris a value of 1) and are Tisted in
Table 41. ’

In conclusion, then, it can be stated.that these species were
found to vary s1gmf|Cant1y in pull capac'mes with L Qo1ar1s
demonstrating the” highest capacity and A.vu]garls,‘vs.endeca, and
C.papposus having successively lower values. Although all species
cannot be proven to be signifricanﬂy differerit, the indices are uséd “ .

as a guideline for morphological comparisons.

3. Reattachability.

This term was coined to express mathemati‘ca'lly‘th: lei?zned
pull capac_itx exhibited by a‘;ea star after it has been pulled from the
substl:'ate. It expresse‘s the pull capacity demonstrated during the
se_coanand"thir’d trials ggd percentage of the first trial. Mean values °
‘of reattachability of each species are listed in'Tah\e 39.

A one-way analysis of -variance to- test whether “any sjgnlflcant

. difference existed in the abilities of species to reattach was applied

:to the se{:ond trial data. ' No significant differences between species

were noted (T.able 40). .




.
=,

Table 39. Pull Capacity/Radius values of the second and ‘phird trials

expressed as a 'percent'a'get of the first trial (Reattachability).
i ¥ ! .




L. polaris A vulgaris C. papposus’ - S. g@

Trial No. 2 3 2 3 H 3 2 3
Ind. #1° 68.5 86.6.__ 325 33.8  20.0 T200 0 s7.6 242
2.141.4 /55.3 3,1 47.3 . 68.8 13.3  40.0 10.0

3 69.7. 60.1 83.0 3%6.2 583 75.0 67.4 6.5
4660 191 105° 2.6 20.0 20,0 . 65.7 o3
5 901 W20 1980 18 18 63.4 544

6 462 2.4 T17,97117.9  200.0 375.0 © 614 C42.7,

7 4.3 20,2 8.3 4.2 1500 200.0 - -

8 64.6 2.2 V883 647 1334 2687 - -

9 274.00 89:0 ' 300.0 200.0 15,4 19.2:¢ - -

0 70.5 525 111.8 88.2 100.0 77.8 - -
PMean’ 93.6 79,1 85.2 76.3@711&.5 6.9

48.2.
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Table 40. Results of a one-way gha1y§1s of variance to test the

significance of interspecific differences in values of

reattachability for first trials.

N.S. - not significarit to the 0.05 Tevel.
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B . % . Degrees of . ' i
" o Species Pairs - F Value. = Significance
B * . Freedor '
. t ; L. polaris - A u’lgarls %@/ 1,18 ° N.S.
B v L. Eolans -C a 05US 1, 18 N.S. .
) " ’ L. 'gv olaris - S. endeca 1,440 1,18 - NS,
A. vulgaris - C. papposus | 0.004 1,18 NS,
© A vulgaris-S. endeca’  0.314 1,718 :
'C. papposiis - S. endeca 0393 1,18" N.S. 2
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Table 41. Summary of results of Pull Capacity experiments.
§ n - o %y, <

* - significant to the 0.05 level.
"_** - significant to the 0.01 level.
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Hence, it can only be canc]uded that for each species, pull

capacity decreases’ with the number of trials.

H-IIT Comparison of Morpho'logica'i Featl‘:res Affecting Pull Capacity ) =
In Table 42 species are listed in decreasing order of pull
capa'm‘ty, with indices of PC/R re::orded‘\‘n brackets beside the species
_ name. The morphological characters which may account.for thiese pull
capacity values are listed along the top.
The capacity of a sea star to secure itself to the sybstrate
is dependent chiefly upon the podia or tube feet‘. i_g. the appendages
of the water vascular system found along the oral surface of the rays °
and central disc. ’Podia are able to attach to the substrate by means
" of the te?‘!mnal dist‘: (or sucker) and/or by mucus secrgtinn. Certain
f?mih'es (eg. Porcellanasteridae, Goniopectinidae, Agtro_&tipjdae,
and Luidiidae) Tack terminal'suckers-(Hyman, 1955), and hence, are
dependent solely ygon mucus secretion fur attachment. 'Buth families
represented in the study area (Asterndae and Solasteridae), hnwever.
are sucké(red and utilize mucus and suckers for attachment. Paine (1926)
stated that 56% of the adhesive force employed hy the p0d1um was
accounted for by sucker action, whereas. the remaimng 44%-was nccomphshed
by other -forces, chiefly the mucus. By o
Since all studiedssea stars appeéred to be similar ‘in‘ ‘theh:
; mechanism for attachmel t, certain: morphological )features are considered
which may account for thg’dlff&r’lqg pull capacities of thg species.

IAttachment to the bottom can alsobe facilitated by cracks in a rocky

" substrate. A sea star which has forced itself-ifito a crack may be held -
securely by its-spinés on the sides of the crack. Tube foot reliance.-
for attachment would be Tessened in this circumstance. This factor, however,
1s not considered in this discussion. ER- !
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Table 42. In,teyspe'c'{ﬂc comparison of morphological characterisﬁcs‘ . ,
governing the Pull Capacity of asteroids. s Ll e
Figures in brackets are Pull C.apacity Ind\‘ces:. h
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6. ‘Nﬂmber of rays, 'Since padia'are found alan'g the oral surface of

a
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The foHawing morphological featuv-es were considered: o s
Presence oy absence of- -the terminal suckehv Since*all are '

suckered this character \sl?mply 1nc1uded as a possible

critermn when discussing nt’her specves - 5 T

Size and development of- ;uckers Since no histological work was*”

,“performed during this study. no data can be. presente'a‘ hawever, the%e

T

factors should be considered in future dlscu,s‘swn regarding

attachment capacity. L

(I :
Strength-of podia (j.e. presence orabsence of spicules or connective

tissue which may increase. the tensi"lg_atrength a.tube foot).

Again, no data are presented becausemf lack of histola,gwal evidenge
Number ‘and Tocation of tube feet ‘at(ua'l'ly empluyed in attachment i
(see fig. 42). Since ,F" tube feet are not ut1Hzed for attaéhment,

the; Tocation and quantity of podia which are brought.to bear during + =~

- attachment is important. 2 : tE e

Rig\'dit;y of skeleton. Because tube feet requu‘e a FulcFum and
suppcrt to work aga1nst, this morpholegical character |s considered

1mportant ?, . g g u e

* each ray; the number of rays affects the total number of tube-feet '
per individual. ki

> . :
Surface area-of individual, It appears to be intuitive'ly obvious -

’ that curredLactlun on a sea star would be propurtwna’l to surface

area, however. inherent difficulties in measuring the ;urface area

f an lnd|v1dual made it 1mpnss1ble to be considered in this study.

Annther parameter. the R/r ratio IS a function of the surface area.
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4 -Figure 42, Drawings of Leptasterias polaris, Asterias yulgaris,
Solaster endeca, Crossaster papposus, and Henricia

eschrichti (oral surface) indicating the positions of

3 s S . _the tube feet utilized in substrate attachment. I . o
. B 1 Lo < . 3
- ‘g 3’" T ¢ A - Leptasterias ‘polaris . )
. ik "B - Asterias vulgaris 3 g R
N C - Solaster endeca ' . ' ° P X
R L) J % -

D - Crossaster papposus

" "E - Henricia eschrichti
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_and’ hznce is utilized in this discussion. Since R is the radius
of the sea star (i.e from the centre of the disc to the tip of
the arm) and r is the radius of the disc, the smaller the R/r value, .
the gre_at.er the shrface area. R/r values are listed in the summary
of !nnrbpolbgical features. )
It a/ppears evident that differences in pull capacities of the
studied sea stars can be re|ated to certain morpho'log‘lca] features of
each species.- Difficulty arises in determining which of these characters )
are more important. Since L.polaris is superior to all these species .
in a]i of‘ the morpholog_ica] characters studied, _except for number of
arms, the number of arm; possessed by a spec‘les‘ap‘pears to be releﬂvely
unimportant. This conclusion, however; can easily be refuted by
stating that the superiority of L.polaris in all other features may
éounteract the lack of a high nunbe_r of arms. Similiarly, L.polaris
cannot be considered superior to A vu'lgari simply on the basis of
havmd one additiona'l arm, but on the basis of having a number of
superior chara:teﬂstics. »
Logically, however, one uould suspect the number of tube feet
per 'umt area to be the most irmortant criterion. Ideally, if ﬁne
tutal mmber of tube feet per individual and the surface area of ﬂ\at
individual were known, species could be compared directly without

having to compensate for the number of arms, thie number of tube febt

.1n a row, and the relative size of the centra] disc. Since no

published values exist u'mcemip‘g the number of tube/ feet per, surface

area, these morphological characters have to be considered inqividualiy."
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Unfortunately, in order to ‘test this hypothesis, one would have to have
a greater number of species demons‘ivaﬂng a low value in one ciiaracteristic
and a high value in another cﬁaiégferistig. N

The unmeasurable pull capéi'ity. ome.eschrichti introduces
further considerations. The major hindrance here a‘ppears to be a’ L
size factor. - The difficu'lty of obtaining specimens of small s4ze of
all nther species fur compaﬁsan made it impossible _however, to test
this hypothesis. Again, although size may be a factor, the low number
of tube feet, the Tow numher{ of arms, and ;;osition’ of tube'foot
attachment also may affect its pull capacity.

In general, then, a large nu?n%er of, morphological ‘characteristics:
exist which may accnunt for the varying capacities of species to
resist a pull. Apart from the number of tube feet per surface area -
‘unit, noone factor can be considere'& most i@ortaﬂ;. L.polaris
“ demonstrates a pull capacity exceeding all other species by a multiple
of three because it has a number of characteristics which are superi‘or

to those possessed by the other S| c\es. .Pull capacities Vary to a

Iesser ‘extent between the remaining spec1es because of small var'lat‘lons
in_the criteria‘hich were exqmmed. A more detailed study of pull
capacity with respect to morphological ch_aractrerisﬁcs is required to

elucidate this relationship more fully.
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1. lnt‘r'aspedfic and Interspecific Behavioural Reactions

I-1  Introduction ) )
Alth&ugh extensive studies have been ‘performed t;‘: determine L2
the responses of. various invevjtehrates fo the contact or presence:
of sea stars, few"workers in this field have examined the.responses
of sea stars to each other. In surflnar(zing responses 4to sea stars,
Feder and Christensen "(1956), Tist nn'l_y two refererices to interactions
between sea stars, both unpublished. Recently, Castilla and Crisp
(1970) and Feder (196;) have examined the responses of A.r‘ubens- to
C.papposus and S.endeca. ‘
Several authors, -(Feder and La‘sker. 1964; Feder and Arvidsson,
1967; and Mackie; 1970) ‘have been ‘active in trying tn determine the
sibstan&respunslb'le for causing avoidance or. escape responses ‘to
sea stars. In. a?dh‘.wn, Castﬂ'la & Crisp (1970) and Castilla (1972),
have attempted to establish evidence Hn&ctory sense in sea
'_ stars. Methuds of observahqu varied, Feder obsmre\mmsesw

\ﬁontacted or proxlmﬂ ammals. al

tﬂla obs/e:vmg responses of
A. rubens to C.papposus by utilization‘pf a.Y-maze.

In the present study, sea st sponses v;ere‘ examined 1r‘| a
two-fold mannér. firstly-by examining the pioximlty of sea stars_ to
each. other, and s'econ&Iy, by observing responses when sea stars.were

brought into contact with each other. These results are considered

on the basis of predatur prey and competitive relationships and their
effect on. the local dxstributfpn of each species. | -

P . . F . -




" certain areas of the tanks were also recorded.

,activities such as feeding, 're:

Y . 20—

I-II  Materipls andMethods

ity studies were carried out.in both the laboratory and
the field, wHereas contact responses were :nnsﬁdered only in the
Taboratory. |Since ‘each inethodq'nvuh;ed ‘differing observational

techniques, epch method is presented separately.

Studies = . 3z : -

erved during diving were examined to determine

1-11.1 Proximi
-Aggregations
the‘species invélved,‘ ‘relative \gbundance, and pnssih'[e. éctivigy of -
the aggregated individuals, whereas laboratory ‘inve;ti‘gaﬁuns cen{:r‘ed
around obsefvatiun?uf 1ndiy%dua1s under a variety.of abundances and
épecies diversities in the wet tables and tanks of the M.S.R.L.
Special note was made of those spec!es which were exther in close
proximity or in cor!tact with each other. Attempts were made to cause
aggrggah‘ons by providing food or suitable suhst_rates. Observations.

of physical factors apparently causing aggregations of individuals in '

I-11.2 Contact Experiments *
Obseryations of contact between sea stars r‘naintained’ in thé
laboratory were made while sea staré\were engaged in a variety. of

L-—and~mw s

In testing responsés of ‘rest'mg and feed1n§ sea stars, the arm

of one sea star (the cuvncacting individual) was brought into contact
< o g . 4 .

A resting star was defined as any sea star which was not moving and
was either firmly attached to the substrate by its tube feet or had
tube feet in the contracted position. In this pnsition, the oral ,
surface of the sea star was flush “with the substrate




R . 221 .
5% _ with an arm of a 'resting' or feeding sea star ({he contacted
= individuai). A1 species-pair combinations of resting individuals
. were tested, but only the responses of feedmg vulgans L.polaris,
“ S.endeca and C. papposus individuals were exammed. In all cases),
on'ly the responses of ‘the contacted sea star were noted. .Each inter-
action was tested a minimum of five times, recording those species-
pairs which responded’consistently. If varigd responses were observed
~for the same species-pair, further testing was carried out to determine
which response occurred most frequently. If an alternate responsé
occurred between 20 and 40% of the hme, 1t was recorded as an

occasional résponse. = . -
I-IIT  ‘Results
I-1I1.1 Proximity Studies .

I-111.1 (i) Diving Obsev:va_tions 1 ; . ot
Nith the exception‘ of_S.endeca, all remaining species were.:

observed in aggregations. Thes_e agg)"egaﬂuns varied-in degree of °
‘ca_ntact, number bf indiv1dua1§, and species ‘co'mpone,nts. For the most

. ﬁart,_agéragations where individuals came into close cnntaf:f were
mbnospecific. and ;ggre‘gations where contact‘ was reduced were multi-
specific. Of all the studied species, A.vulg’aris had the greatest

* tendency to aggregate, occas!ana'l’l‘y forri\ing clumps of over 50 individuals.,
Aggregations of closely packei individuals often formed around food

s .

H eschrichti and Henricia sp. were not cons1dered because of the dlfflcn]ty
n Hetermming when they were. feedmg
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material such as dead fish. Even though lgpolaris was often near :
su;:h clumps it did not e;gage in the aggregation. In large feeding
aggregations, individuals A.vuiggris)‘ were commonly piled .un top of
one another. lm_lividuals touching the prey were directly feeding with
their stomachs extruded onto the surface of the prey. Individuals bnot
touching the prey often were observed with their'stomachs extruded
aith&ugh they had no dccess to the prey itself. Aggregations invofving
A.vulgaris also ocr.ur_red in-areas oé’ protection from water disturbance.
Contact was usually i{t_erai and often’ L.polaris was observed in this
type of aggregation.

Feeding aggregatians of L. polaris were not as commonly observed
as those of A.vulgaris and often involved Tower numbers of individuals.
Cuntact_viith the prey appeared to be é§—§$nfia1 in these clumpings.
Brt_mdiiig aggregations of L.polaris were more difficult to assess. The

amount of contact was and yet PPt to be
concentrai:ed in certain areas during the spawning and brooding period
‘(note observations at Bay Bulls, section F-III.2(iii)).

Aggregations of H_enricia appeared to result not from mutual
attraction of individuats, but from attraction to certain current-
producing substrates sucilf’as the yellow suiphur;ﬁonge. Halichondria
E_M_ceg, or the encrusting tunicate, Didemnum albidum. Oil these

substrates, uf_ten 1 ge aggregations of individuals were observed,

predominantly composed of the more abundant H. eschrichtL The prsssnce

or absence of Henricia sp. did not appear to be detrimenta'l or beneficlll

to aggregatinn farmation. Cnntnct in- these lggregations was minimized

'
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and density appeared to be regulated by Tocal Henricia abundance
rather than by available space on the F:urrent-p’mducing substrate.
While bn’th species were ohsérved on both typés of sybstrate, Henricia
sp. was observed more frequently on sponge substrat\;, and H.eschrichti
more frequently observed on D.albidum.
C.papposus was. observed mostly singly; however, high abundances
of this species were observed occasionally within relatively small
areas.  In November 1969, one concentration was obs‘erved at a depth of
‘approximate]y 80 feet. No contact was pl_rgsent .beween the eight
adjoiMng sea stars which h;d gathered in an area approximately 2 square
. meters in size. Fe&ding and reproduction were ruled out as causes of -
"this concentration. ) ' L &
S. endeca was never observed in aggregations in the: Held ! o \

hwever, Tow density may have been a’determining factor.

I-I11.1 (id) Laburatory Observations

Aggregation formation in the laboratory appeare& to result from

& one of three factors; mutual attv“action to prey (or current-producing * »
substrates. in the case, of Henricia), “responses ' to phj{sica'(_or chemical
“aspects of the ho'ld{r;g tanks_, or overcrowding. .
“AR‘esponses during feeding v}erg varied and specigs:’dep'endent. dn]y
indivi_d;mls belonging t‘ov'the species A.vulgaris,,L.polaris, H.eschrichti -
and H‘enri‘cia sp. were observed, feeding on the same prey item sxmu]taneous'ly
1 - with another member’ of the same species. f
As’ 1n the field, A.vulgaris s ‘demonstrated .the greatest capacity
3 “in this respect, whereas, L golari s adopted this con‘ﬂltion only when the

prey item was large, in shnrt supply, or following a period‘uf starvation.
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/Laboratory obser\(atiqns confirmed the attraction otl, Hénricia,to
'sponge? (reported in seciinn E-V.1) and demonstrated that individual
Henricia would feed whi'le in close ;iro)dmicy Contact 1/th1s type
of 'feeding aggregaﬂon was minimized, and there appeared to be no
spec1es distinction between H.eschrichti and Henricia sp. in the
reaction of individuals to each other.

Ne1ther C papposus nhor' S.endeca were observed feeding on the .

same pr'ey item;” however, observations of more than one S.endeca attacklng

a sea cucumber, Cucumar1a frondosa, were frequent. After capture,
however, only one individual remained to feed. C.papposus adopted a
strictl}; 'lone-wolf' feeding.strategy.

Of those species that participated in feeding aggregations, only
the ‘pairs L.polaris, and A.vulgaris, and H.eschrichti and Henricia sp.
were observed feeding in dispecific_feeding clumps. Nhenever’mixed
species feeding aggregations uccprrea between A.‘vulgaris and-L.polaris,
a small number of indn:vidua]s were invaive;i. Based on a large ‘numbe‘r'n_

of observatior\S\‘of these species in the Taboratory under a variety.of

. conditions ’(such as Varied abundance, species proportions, eﬂv1ronmen£a1

parameters, physiological conditions of asteroids, and conditions of .

starvation), mixed feéeding aggregations occurred only wﬁen the number

.of A.vulgaris in th: clump equalled or was less than two. The number

of L.polaris in ‘the clump appeared to be-insignificant, although ‘ %

. aggregations of L.polaris never exceeded four. Hence. nnly the aggregations

-listed in Table 43 were possible.

S\nce diffi cult!e‘? were encpuntered in ubtaining whole D
this experiment could not: be repeated using this specie:
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Table 43. Numbers of Asterias wulgaris and Legtasteﬂas Eo'laris

, bbserved in :hspeciﬂc aggregatipns.
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(n conditiuns of. overcrowdmg, var!ous degr‘ees of aggregaﬁion
furmation occurred’ depending on space, the spemes components. and ,b E Ty ¥
phys1ca'| and chemical factors. - o o 0
If large numbers of Lipolaris and A.vulgar\)s were placed ina = .
tank without water imvemelnt, a greater degrée of coniact_ took pluce
between 'fembers of the same species. Often centres of ."abundance‘ of-
each species occurred with contact of individuals of diff;z}*ing .
. species taking place around the perimeter of these centres of abundance "
, With water movement, this pattern became more clearly defined L.polaris
gathering in areas of high current, comoniy to the cumpiete exclusion
of A.vulgaris, and A:vulgaris gatheuing where currents wém minimal. ‘
If the sea star prédatbrs, 'S.endeca‘rand C.papposus, were added
to this large mixed pépu_'latinn of H.'vu'igaris and L.polaris, aggregation
iorylai:ion of A.vulgaris was increased with individuals piled on t‘ép of‘ P
each other. Such extreme close packmg by L Qolaﬂs vas not observed.
- I&rnund . pa) Egusus a space free of other sea stars formed, commonly
with L.polaris ds its nearest neighbour. S. endeca was {mt surruunded
by ‘such a large free space and.frequently contact was observed hemeen
S.endeca and L.polaris. o PRPEoe
If a mixed population of H/.eschrichi:i and Henricia'sp.. were W vS

) : §

placed together in a tank, aggregations often occurred in areas of

shade and/or low water distuibahce; “ )

I-111.2 Contact -Experiments i g o
ResponSes of individuals vaned with the species invnlved ih

the- contact interaction, and the nature. of the ag}ivity. e

L ; N —_

@ e
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s ... - Observations of movingsea stars were the most difficult of

% . ‘the three (ie. feeding, "gs’ting', and moving) activities to interpret.
In general, moving sea stars ’tended to avoid each other 1ndependent1y
. of the’ species of the two canfmnting 1nd1v1dua’|s. However, such & piE
" ’ .. . large array of"interactlons existed-in this activity, that no deﬁmte
conclusidns regarding,jntempeeif-iﬁeﬂmmed.
I "o (I Individual sea stars responded in. a more or less consistent
. '-fas!ﬁnn when ‘another séa star was brought into contactowith them d_uring'
s 2] feeding or ‘rest\'ng"activities‘ These responses cpﬁ te divided into g
‘three catagor‘ier contact response, avoldance response, and escape
re‘épunse. Contact responses were exhibited by all sea stars r‘egard]ess
of whether any further response was exhibited whenever two sea stars
‘were brought into contact. The nature of the contact response
] varied slightly between epecies, eut common characteristics of this
g § response were the movement of the fine pod?én the distal por‘tion‘
: “of each arm (usually the arm:or: ar"ms oppes te the contacted'arm
beginning vmcvement initially), ,followed by the raising up of. the body
? " . off the substrate brought abnut by the expanswn of the rest of the
. tube feet. when avoidance responses were observed, the contacted sea
star moved the arm whith was’in contact with the sea Star so as to
avoid-contact. In some cases, movement .of more -than one arm was
.observed, nccaslonany accompanied by a shght movement of the ent‘lre

body of. the sgstar to a pns'ltmn a short- dlstance away from the /

contacttng species. Escape respunses were slmp'ly an extensaon of the
avmdance response with the resu'lt that sea stars muved rapidly away

= o - . from the contacting sea star, continumg movement untﬂ a considerable
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distapce separated them
Tables 44 and 45 hst the most- f‘requent]y observed responses )
of contact mteractmns between members of the same and dlffering
h . SPECIES. - . .
The latency onf the response of the contacted individu‘als varied

with t:he species. (Tables 44 and 45 list the species in descending

‘order of latency). In general, avoidance'and esGape responses were
“rj'ore delayed in the feeding con'dit‘lo_n than in the resting condition,

.+ possibly resulting from either the hesitation of 'a'l sea star'§u Teave

a cabtured prey item and’/ur the process of withdrawing the stomach into
the Eady éavity, Only sTight differences in the type of response

were noted for sea starst which were éngaged in feedin;; vur resting. o =
These differences appear to be’ mnsﬂy assodated with individuals campeting

‘fur the same food- resource. Eaggusus elicited escape responses m

resting C.papposus; huwever, feedmg .papposus never moved away from

prey. Smn'lar]y, S.endeca dud not avo1d or move away from C. gaggosus

or other S. endeca when they were feed(ng. but would o:casmnaﬂy when

they were resting. The response to S.endeca, a predator of A vul aris, - 4
was a_l’so dampened when the A.vulgaris was feeding (i./e'. glyly gcca,sjo_nally
) did A.vu1gar(§ eéhibjt an escape response to S.endecﬁv wh]"'le ffeed’iﬁg)‘.

In general, escape responses were associated with thé predator-
prey rélationship. €.papposus; an active and vu‘rac_inus predafor of sea,
stars, elicited escape responses in all species. Similarly, S.e’ndeca.

a less active sea star predator, elicited esca’pe responses in A.vulgaris,
H.eschrichti and Henricia sp. One extéptio‘n was the respons‘e of )
.Eo'laﬁs 0 S.endecn . In both feedmg and restmg activities, no

response beyond an initial cog\tact response wgs noted.
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. 'Table 44. Interspecific and intraspecific responses observed when -an
, &% ! asteroid is brought into .contact with a-resting asteroid. ) s
C.R. =~ contact response

A.R. - avoidance response

E.R. escﬁpe response




Contacted (Resting) E Contacting Species 1

T Species - A vulgaris C. _Eaggosus L. polaris H. sp- H..eschrichti S. endeca
: Asterias vulgaris CR T ER CRO(AR)CR. CR. E.R.
e Crossaster papposus GRvCER (AR)  CR e, AR
L’egtasteri}s M CR (AR) . ER  CGR | C.R. ’ C.R: TR

‘Henricia sp. . xS ER. . CR  CR(AR) CR(AR) - ER
, . 4 ® C
- + - Henricia eschrichti C.R. v BBy C.B< C.R.(A.R.) C.R.(A.R.)" ‘E.R.
. s - LR . I
© . .. Solaster endeca R AR (ER.)  C.R. C.R. CR . CR(ARD




Table 45, - lnterspec'lfic"an'd intraspecific responses observed when an
astemid 1s brought into contact with a feeding asteroid

’ C R. -"contact responise -

‘o A.R. - avoidance response

CE.Re - escape response




: ’ s
l N
Cohtacted-(Feed{ng) 3 ‘ Cnntactin‘g Species
. Species - A. vulgaris C. papposus L. polaris S. endeca
Asterias vulgaris C.R. C.R. C.R. (E.R.)

. Legt’asteri‘as polaris  C.R. (A.R.) c.R. R
- Crossaster papposus cv.R. : C-.R. (A.R.) C.R. C.R.. L

‘ Solaster endeca © TR : ‘R CR.

T A
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Interactions between sea stars competing for the same fnud il
' resource were varied. Exr.ept for'C. Eapgnsus the most frequent

intraspecific response was merély a contact response Occas{una] Ty

H.eschrichti, Henricia sp. and S.endef:a elicited avoidance responses.

}he most pronounced avev"sinn to individuals of the same species was

.showed by C.papposus. Escape respnnses were most cminon'ly'observed

and the Tess averse avoidance response was observed occasignaliy

between individuals of this species. 0f the competing species-pairs, -

" ie. L.polaris "and A:vulgaris, S.endeca and C.papposus, and H. hrichti
and Henricia sp., avoidance nespon;es were only occasionally observed
except’between C.papposus and s.endeca where avoidance and esca'p.e
‘respunses were very frequent. 1 ’

Species which were not either associated by compe-titlon or by
the predator-prey associatmn did not respond to each other beyond

the contact response.

I-1V » Dvscussmn

Numerous examples of evidence that sea stars are attracted to
.foﬂd mateMal by an n]factory sensitivity are: reparted m the literature. :
Reviews of this phenomennn are reported in Feder and Cnhstensen (1966).
and more recently in Castilla and Crisp, (1970). Since distance and

chemical gradient appear to be important in this mechanism, contact

between tested animals was utilized as an experimental criterion to
ensure that every teqsted individual received maximum stmulat'lan “from
any chemica] re'leased from a contacting sea star ) L4

' Mackie (1970) has shovm that escape respnnses elicited by mar1na
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invertebrates result from the ‘secretion of surface-active agents. by
predatur;y sea. stars. This secret\on partlaHy purifled by Feder
and Lasker (1963) and purified by Mack1e. Lasker and Grant (1968), has
been shown to be a steroid glycoside: (Mackie, 1970). It would appear
mgh]y probable that a similar mechamsm of olfactory response ‘to some
surface-active agent is responsible- for t)_|e contact, avoidance, and
escape responses demonstrated by sea stars 1.r| response to other
individuals. ’

As we have seen in the cantact experiments, sea stars respond
d1fferent1y to each species _indicating that the’ steroid glycoside

1

praduced by sea stars must be specific, enablmg sea stars to

d1st1ngu1sh hetwéen a predatory species, a competlng species, or a

- non compeﬂng, norn-| predatory species..

The evolution of behavioural responses appears to be related
to both the predator-prey association and the competitive species

relationship. An escape response to a predator is an ob\ﬂaus example’

' .. of an adaptat‘lvon for: survival. One puzzling exception to~this

hypothesis'is the response of 'L.polatis to S.eﬁdeca. Since S.endeca‘1s

-a predator of L.polaris, we would expect similar rgspobses as elicited

in A.vulgaris, H.eschrichti.and Henricia sp.,’ or a similar response as

that evoked in L.polaris by c.gaggosus. If we assume that L.polaris has
not yet evolved an escape response because of insufficient confrontation

1n the env1runment, we again a difficult r . The

abundance-distnbut{on patterns of ‘S.endeca and L.polaris overlap more

10ne exception to this rule appeared to apply.tdo Hieschrichti and N
_Henricia sp. . No differences in response were no ted interspecifically
or Tntraspecifically. .



-233- v+

éhan those of S.endeca and A.vﬁ'lgari‘s. The, conve‘rse hypothes s~ - ==
is tenuous but may have some validity. Owing to its 16ng_ time 7
association with S;endeca and C.papposus, L.polaris Ir;ay be able to
‘better distinguish between the steroid glycosides of these s‘i‘:e‘cies
than can A.vulgar1§, H.eschrichti and Henricia sp. If we assume that
the predator pressure exerted by S.éndeca on L.polaris is very low,
a situation of continual confrontation be‘tween’ individuals of these

' species may occur without S.‘éndeca attemptirig to prey on L.‘golaris;

' hence, an escape ;esponse may not have evolved.

Avoidance responses, ie. those shm’;m by competitive speties, may
have the effect of separating the spat'i al miches of the species involved.
The actual e'ffect of this occasional -response shown by competitors
-appears to affect di;tribution interspecifically only on a microscale.
For example, this response appears to affect aggregation formation
but is not effective in excluding one species from the 'preferred

ﬁabitat raﬁge' of another. A more detailed study of various habitats

with differing exposure, temperature, oxygen and salinity gradients
S |

" and substrate, etc, may. show §h1s competitor inte_ratjﬁtion to be, more

' important in ekcluding one sp‘ec_ies from a hab'lyat,to which .its
compe'ﬂtnr is'slightly better adapted:. v L ¥

lntrasvec{ficafly, alvoidancev and escape responses wéu'ld appear

to be factérs ~in a‘l]um’ng species 'such’'as C.papposus ard S.endeca to -
adopt a lone wolf feeding stra'teg,y:, and in allomng species such as - .
A. vu]gar‘ls L.polaris, H.eschrichti and Henricia sp., to feed col'lectively
with members of their own species.

Conceming escape, responses .related to the predator-nrey
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relationship, we.have noted previously that; L.gq]aris and A.vulgaris = g
_have decreased abundances in the areas. of maximum abundances of
C.lgaggosus and S.endeca, ' One would be naive t_u suggest: that this
distrib‘ution pattern is the direct result of this relationship rather
than a multifactorial causation; however, decreased abundance caused
by predatidn plus a pronouncea escape response may be very d_omlnant_ :
factors’m formation of distribution patterns in specific areas.; :‘Thev
key to an unéerstanding of th\'s_v':'e‘lations‘hip may be the moti”ﬁt_y of a
specific species. From spatial ;bundance—distrgbution .patgerns. we
have seen that H.eschrichti s @ sluggish species, inhabits”areas over-
Tapping with the greatest: abundance of ‘its predator. Sinceits ability
to escape C.papposus and S.endeca is very poor, ‘pupuIatl‘on density may
be regulated in part b} predation by C.papposus and S.endeca, rather
than a specific effort to emigrate from areas populated by-a predator
On the other hand, A.wvulgaris, an eluswe. extremely motile w'ey of
C.papposus, may avoid areas of h1gh C.papposus abundance

The possible effect of C.Eaggasus and S.endeca on brooding
Tocation of L.Eallaris has already been discussed. in the section F-V.1,
but -bears repetiiiun here. Brooding female I_..Eo'laﬂs exhibiting an
escape response to the predator would abandon eggs; hence, aggregation
of brooding females would tend to develop in predator-free areas _‘caus’ing
centres of abundance due to the addition of Juvenile sea stars.

In summary, we can say that the evidence of interactions. between
.sea stars has an apparent visible effect on the microdistribution of sea
stars, (chiefly aggregatinn farmat'lon), but conclusions regardmg the

* overall distribution patterns are mere'ly specu’lanve.
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T Jd. i.alwratory Light Preference E;gperiments

A series of experiments was undev‘taken to determine whether sea
stars are capable of selecting a spec1f1c intensity of tht given a

choice uf three 1ight levels. '

J.L Materials and Methods & ... i

The experimental apparatus consfsged of %uur tanks'mﬁunted in
series side by side on wooden frames. Tank units were physically
separated from each other by a wall o-f plywood and covered above and
on all sides by oﬁa_qué black plastic to prevent light pénetration. A
flap of black plastic Vcovering the front of each tank unit allowed tpe
experimenter access t(; the tank;. Suspended above the tanlfs m‘!:hin each
tank-unit were two light hu]l}é, covered by a conical shield and. s‘péceq
exactly one-third of the distance %rom thel ends of the rectangular tanks
(25" xa'). -

In each tank-unit, the bulbs were of equal wattage but the"'
wattage of the bulbs varied from tank one through tank four. Table 45
s.haws the wattage ‘of the bu1b‘s. in each tank and the.-values of relati ve
1rrad1ance measured using the Martex R.I. meter a'long the bottom of each
tank.” The R.I. meter was also used to determine whether the mtens1ty of
_light-over the bottom of each tanl? was equally ’dlstr\buted.

Tanks were fitted with scr"ee‘ns which divided the length of the
tank into three light regiuns of eq\lal size (one-third being open (100%)
111umnat1on. one-third being scremed (50%)2 'Hluvdnaﬂon, and one- tmrd

being covered (0%) 1’|'Inminatinn)) )

By use of theR.I. meter the 1ntensity of the 100, 50 and 25 W bulbs.
were expressed as-a percentage of the 150W bulb. “

zAgaIn, by use of the R.I. meter, various scr'een types. were tested until
_ a screen which allowed one-half the tht 1ntensity of the” n