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Abstract

. 'The role of Dendraster excentricus in the intertidal
y——

.community was inVestiga&ed using multlvariate analyses of
sampllng data and field experiments. |

| . The lnfauna inside and outside sand dollar beds‘on'ten'
beaches/were sampled, andyseveralvstatistical-techniques'_
._Wereébsed,to detect a "sand dollarfbed commanity". Cluster
analy51s d1d not suggest such a communlty Contlngency
tables ofkco -occurrences revealed no spec1es elther

_posrtlvely‘or,negatlvely a55001ated wlth Dendraster;

- Howéver, the bivalve TranSennella‘tantilla,‘the tubicolous

'\)

crustaceans Coroghlum spp., Ampellsca aga55121, and

Legtochella sav1gnyi* .and the polychaetes Glyc1nde

po ygnatha and Malacoceros arenlcola were 51gnlflcantly more

Y

numerous 1nsmde than~out51de ‘the sand dollar beds, while the .

polychaete Armandia brevis was more abundant 1n51dg the

beds. SIgnlflcantly fewer tube -building anlmals occurred

‘Q»-

The 1nfauna at’ ten statlons on one beach were sampled

1n51de sand dollar beds than out51de. K
quarterly for “two years. Cluster and dlscrlmlnant analyses
'and analyses of variance. suggested that the fauna SE the»d
'sand dollar ‘bed statlons dlffered from that of Lhe statlons '
w1thout Dendraster. Pr1nc1pal component analy51s revealed an{
"assemblage of tube bu1lders in statlons w1thout Dendraster.

. 1

Strong seasonal varlatlons in- the 1nfaunal communlty were .

, demonstrated by all statlst1ca1 technlques.
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I. General Introduction

Recent investigations in marine ecology have emphasized

-

—

~the roles of biological agents in ‘organizing benthic
communities. Field experiments have confirmed that
interspecific competition and oredationvare important
structuring forces on rocky intertidal shores (Connell
1961a, l961b 1970; Dayton 1971; Paine 1971, 1974)
Traditional studies of soft sediment communltles ‘have
stressed the descrlption of“faunal associations- and th&lr

distributions The’ earllest investigators defined

ST
7

communities by naming their two dominant species (Shelford

et al. 1935; reviews by Jones 1950, Thorson 1957).

L
(Sandersil968) and multivariate statistical techniques

\

(Cassie and Michael 1968, Lie and Kelley 1970, Lie and

Subsequent workers ha{% employed measures of dﬁ%irsity

Kiskep 1970, Stephenson et al. 1970, 1972; Pophamfand Ellis
1971) to separatg communities based on allvbut_the rare
species in the assoc1ations. Many studies have noted thati
the dlstrlbutlons of, spec1es and commun1t1es are - llmited by
sediment grain size, with' assdciations found in sand
“differing ffom'those .in mud (Sanders 1958, Cassie and‘
Michael 1968, Nlchols 1970, Eleftheriou anﬁ Nicholson 1975)
‘nOWeger, some 1nvest1gators have commented on the’
‘importance of biological factors in‘structuring
SOEt—sediment communities As. early as. 1935 MaCGlnltle noted

that no animals 1nhab1t1ng flxed tubes or burrows occurred -

in beds-of Calllanassa,,where the“soil was unstable, but
P \\ S |

)

R t
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might be a dominant force in benthic assoclations.

) ) ' 2

N

that worms without permanent burrows were more abundant

‘there than elsewhefe.~Rhoads and Young (1970) extended this

type of observation to propose their theory of "trophic

group‘amensalism": that deposit feeders broduce unstable
sedimentslwhich are unsuitable for the gurvival of ‘

suspensioh feeders. Others have observed. that tube,builders’
sfabilize sediments and increasé envi;onmental complexity;
providing habitéﬁsifor-other speciés (Fager 1964, Millé» :
1967, thads and YOuhg 1971; Young and ﬁhoads_i97f);,.

| In the last few ygars,'jnvestigators‘have émpioyed7

experimental techniques td study biological interactions

among soft-sediment arganisms. I'n the laborétofy Levinton

' (1977) observed direct interferénce between protobranch

bivalves, with Yoldia limulata disrupting‘the burrows of

Solemya velum. Using caging and other manipulative field.

o

experiments, wOodin>(1974)'and_Petersen,(l977)_havé

.demonstrated the importahce of interspecific competition,

3

and Young et al. (l976),>virhstein (1977), Wiltse (1977) and

Bell and Coull (1978) have elucidated the fole of predatioh

in intertidal and subtidal soft—Bottbm communities.

Virnstein (1977), Wiltse (1977), Orth (1977) and Woodin -

' (1978) have also discussed tHe‘cqntpibuEion of Sioturbatfon

h

- to soft-sediment’ community structure.

. Thus, it appears worthwhile to look furtherbfqr',
organiéms which blay major structuring roles in the'bentﬁfc

L

cdmmunity{ Any large organism which occurs in high densities

A



—

The Pacific sand dollar, Dendraster excentricus

(Eschscholtz), is such an organlsm; Sand dollars occur in
dense aggregationsf sometimes reaching more than lQOO .
anlmals/ru2 (Merrill and'Hobson‘l97Q, Timko 1975). Onvthe
outer-cOast‘thelr distribution is‘primarily subtidal .
(McCauley and\Carey 1967, Merrill'and Hobson{l970),>but in
brotected waters they occur intertidally (MacGinifie and
_MacGinitie”l968), where they may reach den51t1es exceeding

600 ammals/m2 (Blrkeland and Chla 1971)

o

g >~ Such dense aggregatlons of sand dollars could 1nfluence

L 4 )

other benthlc organlsmspln one or more of three dlfferent

ways. Sand dollars mlght create a communlty by prbv1d1ng a

/

substrate or hldlng places for eplfauna (Merrlll and_Hobson

1970.‘ . Morln, personal communlcatlon) Alternatlvely, byé

'occupylng most or all of the surface area of the sand dollar

bed, they mightnellminatevinfaunal‘species which require"~

@ N

access to the sediment surface. T - /

Dendraster could also affect communlty structure by

'reworklng the sedlments. Rhoads (1967) 1ncludes dlsplacement
- of particles by anAorganism moVing ovér_or,through the
sedllment in hls deflnltlon of reworklng Sand dollars -

‘mov1ng on the sedlment surface leave a characterlstlc trall

in the sand (Chla 1969- Flgure l),'Intertldal sand dollars

'-51t 1nc11ned above the sedlme@t surface to feed at hlgh tlde"

vand bury themselves as the tlde recedes (Macclnltle‘and.'

‘MacGlnltle 1968), burrow1ng to. depths as’ great as lOcm (Chia_hv;f

1969). The resultlng frequent sedlment turnover could



Figure 1. Characteristic trail left by a.sand dollar
' moving near the sediment surface. Photograph
courtesy ‘c(zf F.-S. Chia., :



- ¢ - . . DO Leguias




(\
' displace,émalrer intertidal Organismé dwelling'in the upper
:layers of sedlment. Thus, bloturbatlon by Dendraster could 3

llmlt the dlstrlbutlons of some spec1es.

. In-the Eollowing»study I*attémpt_by[traditidnali
sampling‘and statiStical'analyses'to deﬁoq§trate\whether-a-
vdefinible intertidai‘séhd dollar bedvéommunity'ékists, and

by . manlpulatlve fleld experlments to determlne the role: of

e

Dendraster excentrlcus in the benthlc communlty
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II. The Commun1t1es of Ten Sandy Beaches 1ﬁ°Puget ‘Sound and

the Stralt of Georgla, w1th Reference to Sand Dollar Beds

s
=

A. Introductlon rvbeﬁgv

’ B :
;perlmental studies of spec1es 1nteract10ns are often

useful to understand commun;ty structure, but'deflnition.of

the commUnity must precede experimentation Benthic SRR

T

1commun1t1es are tradltlonally deflned by surveys of the‘
fauna and recognltlon of spec1es which regularly co-occur.
Petersen (1918) flrst descrlbed marlne benthlc communltles
:by namlng two domlnant spec1es.,More recent 1nvest1gators
 'have employed statlstlcal te@hnlques 1nclud1ng recurrent .
group analy51s-(Fager 1957)“pr1nc1pal components analy51s »
(Ca551e and Mlchael 1968), cluSter ana1y51s (StephenSon et
‘.al; 1970) and factor analys1s (Lle and Kelley 1970) to -

’separate faunal assoc1atlons

Only a: few studles of the soft sedlmentwbenth1C‘

L assemblages of the nofthern Pac1f1c coast of North Amerlcalh

D &, X' .

““yhave been publlshed, and most of these descrlbe subt1da1

.

lxmhabltats‘ In a serles of papers, Lle and some colleagues
f(r.le and Kelley 1970, Lle and Klsker 1970 Lle 1974)

Vpemployed factor ana1y51s to deflne three communltles_

A

'2:5‘assoc1ated w1th dlfferent depths and sedlment types in Puget

/.-

'Sound and off the coast of Washlngton. Nlchols,(1970)

“thOnducted a s1m11ar study of small scale changes in

polychaete assemblages 1n Port Madlson,VWashlngton &llls

(1971)'rev1ewed hls own and others surveys of the (ﬁ%aunal

A s

4



communities of the Strait of Georgia, relating these
associations to the parallelmcommunity,concept of Thorson
(1957) . ‘Popham and Ellis (1971) used cluster and ordination

analyses to separate pelecypod assemblages on a sandy shelf

" in the Strait of Georgia. - ‘,l .
’ ‘;2;»"/ . ’ ol o o v
2 Most studies of the intertidal fauna of this region

e
"have been qualltat1ve. Shelford et al (1935) surveyed theu‘

‘1ntert1da1, as well as subtldal sedlments of . the San Juan

ok

Islands, . namlng the communities 1n the Petersen tradltlon as

Macoma-PaEhla (—Protothaca) and Macoma Leptosynapta

P

'_ossoc1at10nsQrwleser (192%) collected the smaller 1nfauna
 from ﬁlve beaches in Puget Sdund and related the

dlstrlbutlons of 1nd1v1dual spec1es to sedlment graln size:f

.. Armstrong et al. (l976) a15045urveyed flve Puget Sound

s

beaches, prov1d1ng faunal llStS and relatlve abundances_(but»_

'dno numbers) of each spec1es. Whlle conductlng prlmarlly a.
b'geologieal survey~ofsBoundary Bay;aKellerhals andrMurray |
.:(1969) dlfferentlated between a sand dollar communlty and an
;'eelgrass communlty, namlng some of the macrofauna assoc1ated
J“w1th each"»LeVLngs and-CoustabLn (1975) however, prov1ded
.vlcounts and blomasses of the spec1es they encountered on.

ﬁd'transects of the Sturgeon and Roberts Banks reglons of the

. Fraser Rlver Estuary

7
VR

_ Sand dollars (Dendraster excentrlcus)'occur at h1gh

"Qden51t1es 1n Puget Sound (Blrkeland and Chla l97l) and may
7»play a domlnant role 1n the organlzatlon of 1ntert1dal |

communltles of thls reglon. They are. large an1mals whlch



‘shown that spec1es displaying such characterlstlcs have

\descrlptlons of the fauna of-these beadhes must be

'consldered-prel;m%hary, o

alter sediment stability by their burrowing actlvity.

: Several authors (Rhoads and Young 1971 Woodin 1978).have

1

. 1

1mpo;tant'effacts‘ongsoft—sedlment community st;ucture.

< Before' proceeding with an‘experimentalzstudy of the
: s . : < “ ’ !

‘role'of Dend:aster,'itiis necessary,to document - that the
~ fauna of sand dollar beds differs from the fauna of adjacent

:ateasiof sand-outside!the beds. Merrill and Hobson (l970)v

have K listed species which are more numerous in subtidal sand

“ deéllar beds than in adjacent sediments, but apaft from that

'study and the observatioh of”Kellethals and Murray (1969) no

t .

'suchmdocumentation has been published.’l have, therefore,.

sampled the 1nfauna of the sand dollar beds and, adjacent
sedlments on the beaches 1n Puget'Sound and the Stralt.ofn

Georgla and used several statlstlcal technlques in an

attempt to def1ne a "sand dollar bed communlty ' or at least

'~pto recogn1ze spec1es p051t1ve1y and negatlvely assoc1ated_

f

with Dendraster.~ R, =

Th1s study should also prov1de some quantltatlve :”

‘1nformatlon on the 1ntert1dal sand flat fauna of thlS

: reg1on, but 51nce each 51te was sampled only once, the

¢



10

'B. Methods and Materials

Study Sites:

[\

The 1nfau a were collected 1ns1de and out51de the sand
dollar beds onjten beaches from southern PugetH§ound to
hornby Island in the Strait of‘Georgla (Flgure 2) « Each

o site was sampled once at low tide in late July or August,-

1977 _ | s
The sand dollar bed at Tolmle State Park 11es largely
.in’the-public crecreation area. On one 51de-4tols,bordered by v’V E

a small stream flowing into the sound- on.the other it L
extends onto private beaches._On the day of the sampllng,'
: the bed and adjacent sand flat were covered w1th a thick mat. ‘ T

of drift algae. Many recently dead sand dollars were'h

7_Present S o | o e o | o
_ At Puget City the ‘sand dollar bed 1s llmlted on one

51de by rock and terminates on the other 51de at the boat

f;launchxng ramp of a mar1na.‘The bed 1s patchy, w1th dense 4 '_ o

'.aggregatlons of Dendraster %nd areas of unoccupled sand On |

.the day of: sampllng, an 01ly smell was not1c1ble in the jc.

sarea.‘ SRS B 3 ” | B o

The Dendraster bed at Alkl South has been descr1bed by '

fB1rkeland and Chla (1971) The sand dollars are aggregated

o in pockets of sand between cobble. The bed termlnates on onev_

e

tfsﬁde where the sedlment becomes hard packed clay, whlle the‘
J}opp051te edge apparently occurs at a ‘mat of tubes.,‘r ’1;:’¥3h~;;‘. | é
) The sand dollar bed at Alkl North 1s conflned to a- = R
‘:water fllled channel behlnd a: 1arge sand bar. The bed is:

R R S ST

P



. -

'hFigufe 2. . Map of‘Pugét_Sound,and the Strait of Georgia,:

showing sampling sites.. Names of the locations
#re abbreviated as follows: .

TP = Tolmie State Park -
PC = Puget City o
AS = Alki South E o M
‘" AN = Alki North _' ,;/ v
o Lo BB = Buck Bay T B
‘ - FB = False Bay : . o -
WR = White Rock f =
- 4 CB = Crescent Beach - - : : _ 3
‘e ... QB = Qualicum Beach | ' '
‘ : HI = Hornby ‘Island ’7

v
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dlscontlnuous,gmore resembl1ng a series. of separate beds,

N L

i
with clusters bP\Dendraster)s‘Earated by 1ong stretches of
unoccupled sand. Within Ehe cl sters, sand dpllar den51t1es

are v1s1bly hlgher than those. reported by Blrkeland and Chia
1971y . o |
‘ At Buck™ Bay the sand dollars occupw the center.of a
4small sand flat The bed has‘sharp lateral and sehward
'margins Which“do not correspond with§%ny obvlou5~physical
.features.h | . S .‘ 3 E ‘ '
The Dendraster bed -at False Bay 1sLsparse and
.dlscontlnuous, occupying the channels behlnd four sand ‘bars

¢
i

at the southern margln of .the bay This 51te has been
descr1bed 1n detall by Pamatmat (1966)

) Thé\Cnescent Beach’ sandpdollars are‘Similarly
distributed discontinuously in channels'behind*a series of
sand:bars.'Eel gféss (Zostera) is present near many of the

‘ patches of Dendraster, as are accumulat1ons of empty ‘tests

'and blvalve shells.m

I found only a few sand dollars at White Rock, on the

'sand flat near Semlahmoo Park All the Dendraster were

dlscovered 1n a few square meters in a channel betWeen the =

'.serles of sand bars whlch are characterlstlc of thlS beach

-

"All were six- to seven centimeters in diameter .and p0551b1y

~represented a 51ngle successful recruitment in thlS area.
The sand dollar bed at Quallcum Beach extends along
most of the publlc beacﬁ but is patchy,'w1th areas of

unoccupled sand separating aggregatlons of Dendraster. The
4



"\edge. W1th1n the de51gnated area,- random 9051t10ns of the

14

sedinent surface‘is rippled, and when.buried the sand
dollars are invisible under the’ripple. .
tOn Hornby Island the Dendraster bed extends the full
length of lribune,Bay, broken only by a4feykpatches‘of_
nnoccupied sand. The sediment is rippled, andrthe‘sand
dollars,are buried 'deeply and invisible under thelr;pple'x ¥
| All of the bgaches except False Bay and Buck Bay are o

subject to heavy recreat1onal use, The tide flat at Buck ‘Bay

- M

- is perately owned and the owners and thelr frlends

occa51ona11y dlg clams there. False Bay is owned by the /
Unlver51ty of Washlngton, and t?e tidal flat is used for

. | o
research and teachlng : . . '

Sampling Method

The 1nfauna were collected 1n 10 X 10 X 10cm cores of

sand Three cores were taken 1n51de and three outs1de each

sand dollar bed. Ins1de each bed the .cores were taken within .

a 3- -m radlus at an apparently-dense part of the bed near an

g
cores were. determlned by the rapldly rotatlng thestlgator

techn1que of Sanders et al. (1961), except that 1n patchy

beds cores were not taken 1n areas unoccupled by Dendraster.

In/parflcularly sparse beds (Crescent Beach Whlte Rock)
cores were taken near obv1ous aggregatlons of sand dollars.
%

The p051tlon1ng of cores out51de each sand dollar bed

was determlned by the conflgurat1on of the bed Where the

bed had a clear edge (Tolm1e State Park, Alki North, Alki
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dissecting microscope. Only whole animals and fradméntsvwith
‘heads were counted. Nematodes, copepods, and ostf\cods‘were
con51dered large representatlves of the melofauna and were
1gnored. ®

The sediments were driediat 100C for 24 hours and
divided into portlons for graln size and organic carbon
analyses.’Graln size was determinEd by mechanically shaking.
.the sediment for ld minutes through a Wentworth series of
sieves. The meah‘érain sige.ano sorting coefficlent'were
determined graphically as suggested by Hulings and Gray
(1971) . The Silt—CIayucontent was also'recordédr The organic
carbondcontent was Calculated as ash-free dry weight after
ignltiop of the sediment at SQOC for;one hour. While>not as
accurate as a carbon analyzer, this method is generally
adequate for determination of organic carbon in,marlne
sediments (Byers et alr 1978) . ; . . | | N

)

Statistical Analysis o ’

| A number of statlstlcal technlques were employed in the
‘"attempt to detect a sand dollar bed communlty and to -
Ldeterm1ne the effect of Dendraster on commun1ty structure.
Cluster analy51s was used to detect any. pattern in the
“dlstrlbutlons of spec1es whlch mlqht represent COmmunltles.
~All spec1es;wh1ch were tound at,threevor more 51tes, plusﬂi?
species of Whichvtenfor more individuals occurred at:one

'51te, were included in the analy51s. Counts of the three

- faunal samples 1n51de each sand dollar bed were pooled

: 1



AN

..vwerenthe three outside samples, and:the resultingu20
stations were clustered using information content-és the ~ N
index’of'Slmilarity. This measure,gdescribed by Stephenson

et al. (1970), based on the .method of Williams et al. ‘
(1966); calculates the 31m11ar1ty.between two 51tes as
_1nformatlon galn based on the Shannon 1nformat1on content
The stat1ons were. also clustered accordlng to thelr sedlment
vcharacterlstlcs (listed in Table l),;us¢ng’the Euclldean
:distance measure, whlch is appropriate-for‘continuous data-.
The computer program for the latter clusterlng method was |
BMDP 2M (rev1sed December, 1977) from: the BMDP statlstlcalv
packagej(Dlxonvand Brown»l977). o | "
'In'order ‘to detect individual species uhich'mioht be”
_pos1t1vely or negatlvely associated with sand dollars,
chl square values were calculated from 2 %2 contlngency
tables, using the presence/absence of each spec1es and
'bendraster.vThe three samples from each,stat1on were pooledp o
-for-thls analysis.f R
, The Shannon Weaver dlver51ty values and equltablllty-
- (the ratio of the measured dlver51ty to the max1mum:p_
dlver51ty poss1ble in a. collectlon contalnlng N 1nd1v1duals)s»
were calculated for each statlon us1ng the pooled samples.o_;*
'The computer program for these functlons was obtalned from.
:iOrr et al. (1973 | The dlfferences in dlver51ty,_ fp'f |
:equ1tab111ty and the number of spec1es present 1ns1de.and

0ut51de sand dollar beds wene compared u51ng palred t- tests._ g

The numbers of some abundant spec1es and of pooled



1ﬂéb1e 1. Characteristics of sediments inside (+) and

outside (-)

T

18

ten sand dollar beds. Mean grain size.
and sorting coefficient are given in pPhi units.

‘Location

5

Organics

"Mean
- Grain
‘Size
.+ -

.. Sorting
Coef- _
~ ficient #

¥ -

°

Lesilt

+

4

. Clay

-

Tolmie State Park

B Phge; City
Calki sdugk‘i

vﬁﬁiki,Nérth' ﬁi
.thk Ban‘

" False Bay

" White Rock

 Creécént'Beachj o

'dealiCum'Beach.

'ﬁognby;islénd '

2.04 2.13
1.48 1.48

1.81 1.65.
2.14°2.19
72.23 é,sz'
2.48 2.28
1f2.5é‘2,54;
-51497,1{83'
2.48 2.63

2051 2.57

0.63 0.66
10.77 6;83_
6.72'0,84 
0:69 0.70
0.74 0,52 .1
0.39 0.62
0.37 0.35°
?6,55 b.56 
0.64 0.58

0.31 0.32

2.2

1.1

C 2.1




"tube—building animals and motile_crustaceans (amphipods,

'_except tubﬁcolous spec1es, ‘cumaceans and crabs) inside and

7

;out51de the sand dollar beds were compared w1th two way

‘factorlal analyses of varlance of - the repllcated data. The .
”counts 1n each of the three cores were transformed u51ng 3
lnjx+l).pr10r tomthese analyseslln order,tojnormal1zenthe

4

distributions.

C Results "k

All of the beaches sampled have a 51m11ar fauna, with

four spec1es whlch comprlse at least 5% of all 1nd1v1duals

‘0

,'observed (excludlng False Bay,'where faunal densltres are”an

order of magnltude hwgher than those ofvany other site)‘ﬁ"

W

toccurrlng at seven of the ten locatlons (Tablefz)-‘These:

;I[spec1es are the blvalve Mysella tumlda,"the cumacean Cumella

.

j; vulgar1s, the amphlpod §chhe11d1um shoemakerl, and the'

'ggpolychaete Scoloplos armlger. Two other polychaetes,

7Nephthys caeca and Glyc1nde polyggatha, each total more than

l'!ﬁl% of all 1nd1v1duals observed and are present on seven,f

*Q_beaches. Tublcolous amphlpods of the genus Corophlum make up
f;more than 5% of all 1nd1v1duals and were collected on 51x
'smbeachesrnf‘fiqdzﬁ 7lf;hi _TVJhc&* ﬁ' H. p | | h
V;gThe cluster analysls of Ehe spec1es data (Flgure 3)'
%idoes.not'suogest af'sand dollar bed communlty : The two

%

'\statlons at False Bay dlffer from all other 51tes. Thel

‘ejremalnlng 51tes are d1v1ded 1nto two ma]or groups, the_-”

Lo

B
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_ Fig giled.al sters of ‘sampling sites based on faunal
larity. 'Similarity 'is measured as
rmation gain based on the Shannon
formation content. Site abbreviations

¥e explained in Figure 2. R _ ‘ _w, 
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beaches on Puget Sound and the remaining beaches,farthen
IR - . ' L8
~north. Only the sand dollar bed sample at Tolmie State Park

*appears'misplaced by this division. ‘The "inside" and
out51de“ samples from the same beach are not always most

hed

closely related -to- each other, but samples from adjacent

beaches (Alki South and Alki,North,‘Crescent Beach and White

_ Rock). are grouped together.

The cluster of sites based on their sediment . B

Chraracteristics (Fidure 4) follows a pattern similar, but. !

‘hotridentical to, that of-the faunal'data. The division into

e 5

"two major groups separates the Puget Sound beaches from the

other areas, w1th ‘the Buck Bay and Orescent Beach sand

g .
‘dollar beds be1ng included in the former group The False.

4Bay sediments do not dlffer notably from those of the other“

"beaches. The clustering does not suggest a sedimentD
»"comp051tlon typical of sand dollar beds, nor do any. of the _

. ) "
1nd1v1dua1 sedime%t characteristics measured show any

relation to the presence or absence of Dendraster (Table l)

. The Chl square analy51s @ndicates that no spec1es
_encountered 1s 51gn1f1cant1y (P<0 05) either positively or

negatively assoc1ated w1th Dendraster. This test fails to

@,

fﬁshow assoc1at1ons apparently beca se most spec1es are absent

'tzpfrom both the sand dollar beds ind. the outside patches on

iseveral of the beaches, and siec1es which are w1despread

’occur dn both habitats. )

Eah ’ - BRI

: The absence of spec1es from some- beaches and the hlgh

»varlatlon among beaches makes At difficult to test spec1es

N 4 " EEEPT -
Yoo LT s T o PR

25

K



Clusters of sampling sites based
sediment characteristics. Site
abbreviations are explained in
Fiqure 2. )
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abundances statistically. However, analyses of variance show

that seQeral species are significantly (P<0.0l) more
abundant outside the sand dollar beds, while one species is

‘.‘ ,' ) - - . .
mofefnrmerous inside the beds. Species more abundant outside

the beds include the'bivalve Transennella tantilla, the

tubieolous crustaceans Corophium spp., Amgelisca agassizi,

and- Leptochella sav1gny1, and the polychaetes Glzc1nde

E lygnatha and Malacoceros arenlcola, while the polychaete

Armandla brevis is more numerous among the Dendraster. ‘The

‘amphipod Paraphoxus épinosus, which wae found on only three
of the beaches sampled, is more numerous inside than outside
the sand—doliar beds at the two sites’whereiit is abundant,
but this dlfference is not statistically SLgnlflcant
(P=0.09). Among- beach 1ncon51stenc1es in the dlstrlbutlons
of thelépecies,tested are indicated, as in all cases the

!

W:sgfe X Dendraster- effect interactions are 51gn1f1cant
- (P<d\05) .
The Shannon—Weaver diversityf.eqditability and the

number of species encountered are not significantly

‘-different inside and outSide sand dollar,beds. However, the =

dlver51ty and number of specles are lower 1n51de tHan
outside the beds at all sites except Whlte Rock and Alki
South (Table 3). ' co e _f
Analysis of variancenshowed‘ne difference in'tnel |
_density,pf‘motdle,cruetaeeans inside and'outside the sandv

dollar Beds, although the density of crustaceans was

significantly different among peaches, and the interaction
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f
i

0.4990

Table 3. Species diversity characteristics 1ns:,de (+) and
. outside (-) ten sand dollar beds. ' -
Diversity ¥ of # of
(H') Species Individuals
Location o Equitability '
Tolmie State 2.6595 . 0.7689 11 50
Park 3.1151  0.8183 14 151
. Puget City 5.4352  0.8119 8 24
\ ‘ '3.0943° 0.7737 16 81
Alki South 3.4328  0.7142 28 194
2.8962  0.6595 . 21 556
Alki North: 3.3072  0.8467. 15. 59
| 13,7469 0.8404 22 106
Buck Bay 1.3403 © © 0.3215 18 401
‘ 2.9166 0.6362 24 331
False Bay 2.1087  0.4663 23 7053
[ - 72,7567 0.5799 27 3702
- L { ) N
‘White ,Rock 3.4021 0:8010 19 70
, ©1.9679 0.7011 7 30
Crescent Beach '2.8180  0.6417 21 315
C o 2.9316 ~ 0.6482 23 342
- Qualicum Beach 3.0593  0.8037 14 . 63s
\ 3.2555 0.8334 15 93
Hornby Island .. 1.2680  0.4906 6 35
| o - 1.5816 9 80
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: !
‘was significant due to the large numbers of crustaceans in

the sand dollar beds at False Bay and Crescent Beach. The

| 'denslty of tube builders was significantly (P(Q.OS) lower
inside than,outside"the beds.AThe overall density of tube
builders.varied‘signlficantly among beaches. The interaction.
was significant-bécaUse more tube builders were'encountered |
inside than outside-the bengiaster bed at White Rock (Table

4.,

D. Discussion .
Only one previcus study has attempted to enumerate the

fauna aSSOciated with~Dendraster. Merrlll and Hobson (1970)

found no anlmals endemlc to the subtldal, outer coast sand
dollar beds of southern Callfornla, but they llsted spe01es
which' were. recurrent in and characterlstlc of the beds Most
of the spec1es more numerous 1n51de than out51de the beds |
1were flsh or crustaceans, 1nclud1ng an amphlpod of the genus
h dParaghoxus The 1nvest1gators felt that some organlsms
S occurred w1th Dendraster because the sand dollars stablllzedb
.Athe substrate by curtalllng the er051on of sand and also
prov1ded shelter from predators.-
The results of the present study only-partlally concur
“with those of Merrlll'and Hobson. I found no species which
,seemed'characteristic of sand‘dollarkbeds; but the

-

polychaete Armandia'breviS‘Was significantly more numerous

iin the beds théan in adjacent‘areasf(Table‘2);,Theramphipod

.
22
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A comparlson of tube builder and motile crustacean

.3

Table 4.
population densities inside ‘and outside sand
dollar-beds of varying densities. Sand dollar -
counts. are given as means and standard errors of
adults/0.25m2 Tube builder and crustacean
densities are givenas, means and standard errors
of anlmals/o 0im2,
\ . S . © . Motile
‘Location Sand dollars  Tube Builders Crustaceans
‘ ‘ — - T ‘ — ‘ o
~Tolmie State . 32.8+ 5.9 0 6.0+ 2.5
Park | 0 4.7+ 3.3 12.7¥ 3.8
Puget. '123.6+29,2 ' 0 0.7+ 0.3
City .0 11.0+ 6.4 3.0%, 1.0
ALki 93.2+ 9.4 . 13.0+ 7.5 36,0+ 7.1
- South 0 63.0+ 14.8 97.3+ 17.8
Alki 36,2+ 5.5 " 1.0+ 1.0 6.0+ 2.3
' North . g -0 ' 6.3+ 2.31' 6.0+ 2.6
Buck  \ 59.4+10.9 1.3+ 0.7 . 5.3+ 0.7
Bay 0 87.0% 53.6 5.0% 1.2
‘False L 2.7£0.4 . 76,3+ 3100 2121.7+642.3 :
~Bay 0 394.7+4149.0 782.04353.1"
White S 1.0+014 1.0+ 2.6 1.0+ 0.6
© .Rock IR | AR S 307% 2.2 1.3+ ¢ 0.3
Crescent 4.8 1.4 5.3+ 0.9 . 81.0+13.2
Beach 0 . 45.3% 14,2 32.0% 6.1
Qualicum 21,4+ 6.0 1.0+ 0.6 3.3F 10,7
' Beach 0 8.0¥ 3.5 6.0% 1.0
Hornby . 41.0+10.8 o0 1.3+ 0.6
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Pardphoxus spinosus was more nUmerous'(although'not
significantly so) in the beds on the two beaches where it
© was abundant The total number of crustaceans encountered

(excludlng tublcolous forms) .Was ‘not greater 1n the beds

© than in the adjacent substrate at most of the beaches (Table.

54).

" The reason tor the dlfference between these results and
the observatlons of Merr111 and Hobson is largely that I
“sampled 1ntert1dal rather than subtldal sand dollar beds
Slnce the sampl1ng was done at low t1de, flsh and poss1bly
motlle crustaceans whlch m1ght take’ refuge among submerged
and 1nc11ned Dendraster could not be present In add1t1on,

v1ntert1dal sand dollars, whlch burrow at low t1de and

- i -

Vﬂlncllne at h1gh t1de must do more to déstablllze the -
'sedlment than to stablllze 1t

The total number of tube bu11d1ng organlsms was - -

’51gn1f1cantly (P<0 OS) lower 1n the Dendraster beds than 1n;fff

d'the adjacent sand (Table 4). Although no spec1es whlch'

_occurred on the beaches sampled was con51stently absentafrOm;'“-:

‘the beds, 51x spec1es, 1nclud1ng four tublcolous crustaceans

Vel

:and polychaetes,‘were more abundant out51de thanilnside'the;15:“'

":}beds,(Table 2) Slnce the repeated buﬂrow1ng and 1nclin1ng
o L ; L
.dof 1ntert1dal sand dollars must frequentlyooverturn the

‘:bfsedlment sedentary tube bu11d1ng organlsms should f1nd 1t ”

“lv dlfflcult to coex1st with Dedﬁraster.. ‘bﬁ _x,b “ﬂ'
| At Whlte Rock more tube bu11ders were collected near

.,:the sand dollars than away from them.»However, at thlsj?



locat1on the Dendraster populatlon was’ only 4
1nd1v1duals/m » the lowest den31ty encountered: at any slte.
'Such a sparse populatlon apparently ‘has no adverse effect on
tube bu1ld1ng organlsms. | |

o D1ver31ty,requ1tab111ty and the number of spec1es
bresent were not 51gn1f1cantly dlfferent 1ns1de and out51de‘
the sand dollar beds. Slnce the total number of anlmals
c collected at some‘g?qthe 51tes was- low, the va11d1ty of.the
t statlstlc for compar1ng d1vers1t1es is quest1onable”;.
(Hutcheson 1970), and attempts to base any conclu51ons on
the d1ver51ty values are rlsky. However, d1vers1t1es and uj
numbers of spec1es bresent were lower 1n51de than outsxde

!J. 1.

the beds at all s1tes except Whlte Rock~ where the

o

| Dendraster populatlon 1s probably too low to have any effect

‘;'d on dlver51ty, and at Alk1 South (Table 3) Thus, there 1s

some suggestlon that fewer specnes are able to coex1st w1th

’Dendraster,‘resultlng 1n lower spec1es d1vers1t1es 1n sand

dollar beds.

Al

Fewer spec1esvhave been‘encountered 1n areas dlsturbed
by|rays, crabs and moon snalls than 1n undlsturbed 51tes
(Orth b977 Vlrnsteln 1977 WOOdln 1978 W1ltse 1977)
W1ltse (1977) attrlbuted the lower d1vers1t1es 1n snall
benclosures to ‘the loss of small tube bu11d;ng.polychaetes,
% partlcularly splonlds. Slmllarly, exclusion of tublcolousb

polychaetes (lncludlng the splonld Malacoceros arenlcola)

: may reduce the drver51ty of 1nfauna 1n sand dollar beds."

) Thls\study thus suggests that although no recognlzlble)"
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"sand dollar'bed community" exiSts, several species, as'well

.as tube bulldlng organ1sms in general are encountered less - -
'frequently in sand dollar beds than elsewhere. In a laterf

~chapter, I shall test the hypothes1s that these types of

organlsms are excluded by Dendraster.

In addltlon to suggestlng the relat1onsh1p of

'Dendraster and the 1nfauna, thls study prov1des some

771nformatlon about the 1ntert1dal sand communlty of the

Yo

"'protected coast of Wash1ngton and BrltlSh Columbla. My

1observat10n of the w1despread occurrence of _ysella tumlda,

v Cumella vulgarls, Scoloplos armlger, Glyc1nde polygnatha,

Nephthys caeca, Malacoceros arenlcola, and Corophlum spp

.conflrms the reports of wleser (1959), Lev1ngs and Coustalln: f

ﬂﬂ%}(1975) and Armstrong et al (1976)

Cluster analysls (Flgure 3)5suggests that the faunal S

'-ﬁ' assoc1at10ns of the Puget Sound beaches are somewhat » ﬂ'i‘?,-]

"ffdlfferent from those of the other areas.‘The cluster of

ol

m”beaches by thelr sedlment characterlstlcs (Flgure 4) followsf'F“
”.a 51m11ar pattern, but sedlment alone does not explalnjb
,ffaunal d1str1but1ons. Adjacent beaches (Alkl South/A1k1 t;_:'

| 5:North and Crescent Beach/Whlte Rock) have most 51m11ar

fauna, but thelr sedlments may have dlfferent f" hwif .
o _ R

’characteristlcs. For example, the sedlment of Whlte Rock 15»'“”'
d»ymost 51m11ar to that of Hornby Island Water c1rculat10n
r1n51de and out51de of Puget Sound, whlch must. COntrol the
b:. dlstrlbution of planktonlc larvae and perhaps the dlspersal'm

'r;of adults, is probably an 1mportant 1nf1uence on communlty




composition.
| The False Bay community dlffers substantlally from the -
1.other assoc1atlons sampled hav1ng both a greater den51ty of
b 1nfauna and spec1es not encountered elsewhere. Nothlng whlch
'I measured can adequately explaln thls dlfference. ngher
organlc content of the sedlment mlght account for greater
‘faunal den51ty, but although the percent organlc carbon
inside the,sand dollar bed 1s hlgher at False Bay than at
"any,other'site, the organlc content outs1de the.bed‘ls lower
fthan that observed‘at many other locatlons (Table l) . |

vrIt was not the prlmary aim. of thlS study to determlne fi'~v
:,the dlstrlbutlon of 1nfaunal communltles, and the sampllng
"pattern employed is 1nadequatg to prov1de an: a/ccurate
i.plcture. Whlle the sample size was large enough”to represent
:hthe dense 1nfauna of’ False Bay, 1t was too small for the |
‘sparse populatlons of Whlte Rock Hornby Island and Puget‘v’
vC1ty More 1mportant, samp11ng only a 11m1ted area of each

-”beach can mlss even domlnant spec1es whose dlStrlbUtlon 1s :

's'patchy Eor example, on many of the beaches I observed mats S

'i;of tubes above the sand dollar beds,_often located on the,f
',_that only m1nor dlfferences in elevatlon apparently

"f'each of these patches, al hough the data is not 1nc1uded in_

tops of sand bars rather than 1n %he troughs between, so

Lt ’ TJ

'llnfluenced the dlstrlbutlgffof spec1es.»I took one core from

4

(.

g Table 2 At Whlte Rock where no Corophlum were encountered f'ul
ff1n any of the prlmary sa ples,:908 of these amphlpods.:’

-»appeared in the 51ngle core collected above the Dendraster L



‘

bed. Thus, although I have prdviﬁed sbmé'quéntitative;

information on the intertidal infauna of the northwest, any

serious.survey of these communities must include a series of
.,Sémpling stations at each beach to_characterize.a'fagna
o : I

'whose distribution shows marked patchiness.
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hanges.in'the Benthic‘Community of False Bay,.

the Sand Dollar Bed

arge organlsms wh1ch rework the sedlment or alter its
¢

ty may play key roles 1n structur1ng soft bottom

ties (Rhoads and Xoung 1971 »WOOdln.l978).>The

" Pacif jsand'dollar; Dendraster excentr1cus, reworks (sensu‘

thoads 1967) at least the top 4cm of sedlment (Chapter IV)

bvand has been ‘shown experlmentally to llmﬁt ‘the dlstrlbutlonf*'

'1nfaunal spec1es, partlcularly tublcolous forms R

L

/////, 2l though sampélng data (Merr111 and Hobson 1970
aChapter II) 1nd1cates that there are no an1ma1 spec1es L
endemlc to sand dollar beds, Merrlll and Hobson have found

‘Lthat several spec1es are more abundant in subtldal sand

e

”‘:dollar beds than 1n adjacent areas w1thout Dendraster, and I .

*l”phave demonstrated (Chapter II) that several spec1es and
1iftube bu11d1ng anlmals 1n general are less numerous 1n
'Vlntertldal sand dollar beds than 1n adjacent patches.'Slnce
‘(;the sulte"of spec1es whlch occurs on dlfferent ‘beaches’ shoWs

fcon51derab1e var1atlon (Chapter II), relat1onsh1ps of

g Ind1v1dua1 spec1es to Dendraster are dlfflCult t

/ I

l_ demonstrate.vHowever, the changes 1n 1nfaunal populatlon

deen51t1es 1n51de and out51de the sand dollar bed on one |

!

. \\ S
B

oo

'fbeach mlght prov1de more useful suggestlons about

37
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N . : o
‘interactions between a constant set of infaunal species gnd

‘Dendﬁagter.

\1 | Some researchers have followed temporal changes ln
.sand bottom communlties wh1ch 1nclude Dendraster, but these
studles have been conf1ned to eplfapna or to large (>3 2mm)
ﬂlnfauna and have not related fluctuatlons in macrofa{géﬁ
den51t1es to changes in sand dollar populatlons or o
dlstrlbutlons. Fager (1968) monltored n1ne ep1faunal spec1es
.invthe»shallow subtidal and found that thelr populatlons_f
'fremalned relatlvely constant for six years. Dav1s and Van
'Blarlcom (1978) followed up Fager s WOrk and contradlcted
hls observatlon of‘long term numer1ca1 stab111ty, notlng
that populatlons of seven of the spec1esy\1nc1ud1ng?
_Dendraster, had- changed 51gn1f1cantly Peterson (1975)
jcompared the stablllty of 1nd1vfﬂua1 spec1es and communlty

comes1tlon in %wo Callfornla lagoons over 37 months and

'.lrelated fluctuatlons in the populatlons of 1nd1v1dual N

\ i B

spec1es, 1nclud1ng numbers of Dendraster, in part vtonvv
fweather condltlons.'e \yly o | o
5I chose to study the 1ntert1dal sand flat at False Bay,
'fSan Juan Island Washlngtonr Although the .sand dollar B

'_hpopulatlon there was relatlvely sparse (Chapter II) thlS

/ T

:51te was selected because the bay 1s owned by the Unlver51ty

= of Washlngton and thus 1s protected from the d}sturbance of
‘ theavy publlc usage. L

ke

,Some‘rnﬁirmatlon aboub the fauna of False Bay 1s

N .

"alreadyvava;lablerjshe;ford et al. (1935 ﬁlrst sampled at -
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:FalSe Bay, describing the communitylas a Dendraster

..

&

'qfasc1at10n on a, Macoma Leptosynapta assoc1atlon. Pamatmat

"l(l966, 1968) conductedﬁa »two- year study ‘of the False Bay

AcOmmunlty, measuring monthly changes in~numbers and biomass'

" /

. of the domlnant spec1es at three stations represent1ng three -

" tidal helghts, but he was prlmarlly 1nterested in )

’rproduct1v1ty rather than 1n expla1n1ng the spat1a1 Structure .

~of the communlty, and few of hls samples 1ncluded
~_;Dendraster.

i

s

The follow1ng study con51sts of seasonal samples
‘»collected over two years at locatlons 1n51de and out51de thek?i

: False Bay sand dollar bed Spatlal and temporal @hanges in

B o L »

the communlty and in the populat1ons of 1nd1v1dua1 spec1es
are evaluated 1n relatlon to the presence and absence of f

;-Dendraster.ﬁThe sampllng statlons cover a- l1m1ted tldal

,range S0 that among 51te dlfferences in faunal comp051tlon s
: w1ll be more llkely to: reflect spec1es 1nteract10ns thanv

envrronmental-dlfferencestx3,-” oy
. . oo o A
g B Methods and Materials ;5»_5 ' o0 VEE'; e

ER RN .
B o

The Study Site -ﬁ'T

The sand flat at False Bay 1s roughly 01rcu1ar and

2. It is approx1mate1y SOOm.?

?foccuples an area of about 1.3km
'bwlde at the mouth From the mouth to the head of the bay
.textend a serles of sand bars- whlch Pamatmat (1966, 1968) has -
-v;idescrlbed as qua51~permanent. ‘fdgff'f th,l H-”_ o

P
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A smallistréam flon from the San Juan Vvalley and
emp;iés into the bayb Its freshwater discharge ggﬁés during
the wi%ter and becomes negligible during the summer when the
water is used fof irrigatioﬁ'in the valley. The maximum

input of fréq@waterfinto the bay which I observed occurred

during heavy rains in December, 1975, when the stream's

current wés.apparent almost to the mouth of the bay.
A more detailed description of False Bay is given by
Pamatmat (1966, 1968).

Ten stations were chosen in the troughs between sand

bars near the mouth of the bay (Figure‘S).~Each site was

: marked with a wooden stake. The tidal height of each sﬁatioq

was measured with a level.

£ o N N
Stations 1-4 were located in the sand dollar bed. Sand
dollars also occurred in the eelgrass’bgtween stations 5 and

10 and weére observed occasionally at all sites, but they

remained continuously only in the troughs associated with

stations 1-4.

Sampling Procedure e

' Each station was sampled foyr;timés”a year for two

4

years}’ih December, i975; Ap%il, July and October, 1976; and

January, Méy, July and ‘October, 1977. Two replicate 0.01-m?

-3

cores were collected at each time. All samples were taken at
random locations within a 1.0-m radius of the stake. The

methods of sample collection, preservation and analysis were

-as. described 'in Chapter II.



5

“Figure 5.

Bl

L3
&

Map of False Bay, showing locations of sampling
stations and their elevations (in meters) '

relative to MLLW (modified from Pamatmat 1968).
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~dollar density at station 2 in June, 1977, was estimated

¥ Sediment Analysis

¢ S c a3
Den81t1es of adult Dendraster in the troughs near

statlons 1, 2 and 3 were measured in April, 1975. Densities“

o

were estimated by. countlng all sand dollars present to a

depth of l0cm in a 1. 0- m2 quadrat. Ten quadrats, placed at

random, were counted at each station. The procedure was

‘repeated in June, 1976, at statlons 1, 2, 3 and 4 Sand

<Y

from the quadrats used to study movement. (See Chapter IV.)
. P _ ;

°

One additional sample was collected at each time forr
\

sediment analy81s. Sediment was collected ‘with a trowel to a.

A}

depth of 10cm and analyzed for organlc carbon, mean grain

size and sortlng coeff1c1ent as described»in Chapter II.
leferences in organlc content gra1n 51ze and sortlng

coeff1c1ent among séhpllng sitles and times were tested w1th
analy51s of variance followed by Student—NewmaneKeuls
multiple,range tests'and-partitioning,the among—sitgs sums
of squares into Dendraster;bed vS. "outside" stations

comparisOns (Snedecor-and'Cochran l967).-Only the December,

1975~ April,»l976 and‘July, 1977 “samples were tested for
%

grain size and sortlng dlfferences. All dates except

December, 1975, and May, 1977, were analyzed for dxﬁferences

in organic ‘carbon content

Statistical Analysis of. Faunal Data
S ot

Species were rahked by abundance (Fager, 1957;

-3
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Virnstein, 1977) at each»station and for each sampling

period. The most‘abundant species in the two replicates at a
' sampling site received'lO points,,the next most abundant'v
nihe points, etc. Points receiyed.at each sampling'period;
were totalledvto determine‘the'dominant species at each f
location (l), Slm1larly, spec1es were ra&ked by abundance
(totalled over all 10 statlons) for each of the e1ght
sampling times (2). Thus, 80 p01nts was the max1mum possible
for.dominance at a station (1) or for overall dominance (2).
»,Alternativeiy,'overall~dominancelwas\calculated>bY totalllng
the p01nts each spec1es recelved at’ each stat1on for all

sampllng per1ods (1. e., the sum of all polnts a Spec1es

'frecelved in calculatlon l), prov1d1ng a max1mum score of 800

(3).

Information about the organisms"distributions can’be

obtalned from the dlfferent methods of abundance rank1ng.-

l’

:Among slte varlatlons 1n the ranklngs of a, grven spec1es'
(calculatlon l) may suggest patchlness 1n that organlsm s
dlstr1butlon. Slmllarly, for any spec1es, IOWer ranklng by
calculatlon 3 than by calculatlon 2 1mpl1es ‘a patchy |
dlstr1bution.S | |

N R B
\Spatlal and temporal varlatlons in den51t1es of the o

.\_

5,e1even most abundant spec1es (based on total number of

[N

1nd1v1duals observed in all 160 samples) were analyzed
further. Three way factorlal analyses of var1ance followed
by mult1ple range tests were used- to test annual, seasonal .

and among—statlon‘dlfferences,‘The populatlon den51t1es of =
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each spec1es 1n51de and out51de the sand dollar bed

'_(statlons l 4 v. 5 lO) were compared by partltlonlng the
»among stat1ons sums of squares (Snededor and Cochran 1967)
The repllcate samples, with den51t1es transformed u51ng
In (x+1), were used for these calculatlons.

Ana1y51s of varlance was also used to compare den51t1es

’of sand dollars from year to year and among statlons.

‘Multlvarlate Statlstlcs . ' _?.\* . ' ’ .

Three types of - multlvarxate analyses were used to
j1dent1fy structure in the False Bay communlty Thlrty flve

spec1es whlch were collected durlng at least half of the.

elght sampllng tlmes were used for these analyses. The

abundance of each spec1es was calculated as its mean den51ty_‘

~in the two repllcate cores. The abundances were normallzed

e

‘u51ng the log(x+l) transformatlon for pr1nc1pal component

yo

';’and dlscrlmlnant analyses, whlle untransformed abundances R

d.were used for cluster analy51s,nﬂ

Cluster anajy51s 1s a cla551f1catlon EEChnlque whlch
groups together samples wthh conta1n 51m11ar fauna.‘For thei
lFalse Bay data 1t was used to detect p0551ble spatlal or o
,temporal patterns in the faunal assemblage. The 80

Zstatlon t1me comblnatlons were clustered u51ng BMDP 2M

B (rev1sed December, 1977) of the BMDP statlstlcal package

‘(Dlxon and Brown l977).sThe dlstance between sxtes was
' measured as the ch1 square statlstlc for the equallty of twop

sets of frequenc1es, where the frequenc1es are counts of

)
1



*Variation; The-elementS‘of each-vector (coeff1c1ents or

frepresent communltles (Ca551e and M1chae1 1968)u The

46

4

bindividuals representing each-species encountered.IThis

'method puts llttle welght on the dlfference between zero and

one of a spec1es encountered in a sample pair. It 1s,

'therefore, more approprlate than the 1nformat10n statlst1c
‘used in Chapter II for‘evaluatlng}the:FalsevBay data,gwhere
‘the difference between zero and one,of‘any specieslat‘avf

hsampllng statlon is probably due to chance.

‘Prlnc1pa1 component analys1s reduces the 1nformat10n
contalned 1n a matrlx of spec1es correlatlons or covarlances
-

to vectors, ‘a small number of wh1ch account for most of the

' .
0

b'factor loadlngs) glve the welghtlng of each spec1es 1n\the

component. ngh welghtlngs and coeff1c1ents w1th llke 51gns

have been used to deflne spec1es assoc1atlons whlch St

»nlpcomponents have also been used to suggest hypotheses about

’n‘the causes of var1at10n 1n a system (Sprules 1977)

W
I have based the pr1nc1pa1 component ana1y51s of the

1False Bay data on the covarlance matrlx. ThlS method
emphasizes the numerlcally domlnant spec1es, which are the
-fonly organ1sms about thCh hypotheses can later be tested

";-experlmentally._.fj

Whlle pr1nc1pa1 component analysis 1s an a poster1or

_statlstlcal procedure used to search for structure in faunal
data, dlscrlmlnant analy51s 1s an a prlorl statistlcal
fprocedure whlch assesses dlfferences among pre-deflned

'groups‘ Dlscrlmlnant analysis provxdes canonlcal var1ables'

=



‘}.',Q’ n - 3 ,

'whlch are vectors whose elements are the\coeff1c1ents of the
spec1e5/wh1ch contrlbute to the max1mum separatyoh*of the
vgroups. These coeff1c1ents do not, however, represent the
| hrelatlve contrlbutlon of each spec1es as do the factor
loadlngs of pr1nc1pal component analy51s (Ca551e and M1chaelﬁ
1968) The stepw1se.dlscr1m1nant analy51s success;velyjtests'
.'{each spec1es to. determ1ne whlch ones contrlbute | | .
- 51gn1f1cantly to the separatlon.’It also prov1des a
k‘statlstlcal test of 51gn;f1cance of“the*separatlon of the
gr;aps;{ R | | R
I d1v1ded the 80 samples 1nto four groupsufor
k'dlscr1m1nant analy51s. The flrst d1v151on seﬁarated the
‘statlons in: the sand dollar bed from those out51de the bed
'The second lelSlon was based on season,vseparat1ng fall and
hhw1nter samples from sprlng and summer samples. ThlS grouplng
p%was chosen because Pamatmat (1966 1968) had reported that hrr

rpopulat1ons of most of the domlnant spec1es 1n False Bay

'dflflncreased 1n sprlng and summer and decreased in faFl and

1fw1nter.‘Thus, group l encompassed the samples taken from the

ffsand dollar bed in fall and w1nter, group 2 the sand dollar‘p

'rlng and summer, group 3 the remalnlng statlons 1n
“vfall and w1nter, and group 4 the remalnlng statlons 1n"
ﬁffsprlng and summer.gh

Dlscrlmlnant analys1s has been used to ordlnate
vecologlcal data. Green (1971) used spec1es to deflne groups
and calculated the d1scr1m1nant functlons (canonlcal

varlables) from measurements of env1ronmental parameters.;:k

bbm%%%,fpiigtf
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zBernsteln et al._(l978) calculated discriminant‘functions
'gfrom environmentalq;easurements, whlch 1ncluded b10t1c as
. well as phyélcal factors, but obtarned thelr‘groups from
._dcla551flc@tlon statlstlcs..I have based my groups on
-'env1ronmenta1 factors (space and t1me) %Qd calculated the
ldlscr1m1nant ana1y51s from spec1es abundances.__'\

The multlvariate analyses were done u51ng computer

’i‘programs BMDP 2M 4M, and 7M (rev1sed December, 1977) (Dixon

”,"and Brown 1977)

, C Results B

T1de Levels ay o ~5f\f['j ,(;z~.d fb';\-"

B » The max1mum dlfference(ln t1dal helghts among statlons"ﬂd‘*

: was one foot, w1th statlon l belng 0. 3m lower than statlon)9
‘L(Flgure 5) Statlon l was 0 12m lower than the next lowest

"-51te, statlon 2 Statlons 3 and 4 were not lower than the

",fb s1tes outs1de the sand dollar bed

:u.ﬂfhe'Sediments»

The organlc content of the sedlments was lower 1n the f;,
‘;1977 samples than 1n the 1976 samples (Table 5),_but the
lh'studentlzed range test showed that only the October, l976
‘and July, 1977 samples were significantly dlfferent from

each other. No clear seasonal patterns were detectlble.‘The .

'-fdlfference among sampllng statlons were signiflcant at the

\

'ujl% 1ewg;// d the organlc carbon content was 51gn1f1cant1y



Table. 5.

Ny

s

:Organlc contents (expressed as percentages) at

means of two analytlcal repllcates.4

‘ten stations in False Bay. Values given. areA

- Station -

3/76

< 7/76

iDate

1 10/76

/77

N Yt

10/77

dz68 ¥
ao.j;y-[

BEEEE

0.58"

C 0.64. 7 ..

= _O'».‘,69->' s
07T

0.60

C0479

0.68:

+0.92 o
_[b,isf
e
o;éii;;i_:;
e
.88
e ;iH »
esqqss’]g;f

0,37

0,54 0.

o 0.75

0.48
0037

ST



hlgher (p<o 01) inside than outsiae the send dollar bed.
| Mean graln 31ze var1ed s1gn1f1cant1y among sampllng
stat1ons (P<O 0l1). The coarsest sand was found at statlon 8A
where. the mean graln 51ze was 2 l phi (Table 6),vwhrle_the‘A

f1nest, 2.5 phl, occurred at statlons 2, 3 and 4. The

sedlment inside the Dendrastgr bed was 51gn1f1cant1y

(P<0 01) f1ner than that out51de the bed
The sortlng coeff1c1ent also varled 51gn1f1cantly
kP(O Ol) among sampllng statlons, w1th the sedlment 1n51de'
“ rthe Dendraster bed - be1ng better sorted than that out51de the\:h
Tbed »s1gn1f1cant (p<o 01), w1th thé’ December, 1975, samples
'fbelng less well sorted than the Aprll, 1976,_or July, 1977 -

'lsamples.'

N

The Domlnant Spec1es ah _1' 5 ”v~-f5'a'*-

The populatlon of Dendraster showed some annual and

| ';f‘among 51te fluctuatlons (Table 7) In 1975 the den51t1es Of;‘l;v

'V'sand dollars at stations l, 2 and 3 were not s1gnif1cantly

-d1fferent' The 95% confldence 1nterva1 for the populatlon of :;}””

}fDendraster at all stations was 9 3+2 5 anlmals/m.._In 1976,

k3 o
RN

'the mean numbers of Dendraster at statlons 2 andw4 (8 2 and_;l}ﬂ*-

@

9. 9/m2,,respect1vely) were 51milar to densltles measured thejf’i"

‘j'previous year, but the den51t1es at statlons$l and 3 (3 6

/

'”jﬂand 4. 6/m2 respectively) were signlficantly (P<O 05) lower.;

,No env1ronmenta1 dlfferences were observed whlch could

g account for these varlatlons 1n sand dollar den51t1es.

| The False Bay 1nfauna1 communlty was characterlzed by
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Table 6. Sedlment mean grain size and sortlng coeff1c1ents
Co at the ten stations in False Bay. Values are
given in ph1 unlts. :

~:Stati9n ‘ ;Déte.." Mean Graih-size Sorting Coeﬁficientx

- Dpec., 1975 - 2.30 - - 0.48
1 april, 1976 2.42 . 0.40
0 guly, 1977 . 2.39 . 0.46

% Dec.,'1975 2,44 . 0.44
2 . April, 1976  2.49 7 . 0.3
. July, 1977 - 2.47 0.39

© Dec., 1975 2.53 S 0.43
3 April, 1976 . - 2,50 0.40 . °
- July, 1977 .. 2.54 0.41

Dec., 1975 ~ . 2.49. . . 0.52
4 - april, 1976 = 2.51 7 0.43
. July, 1977 . . 2.5 - 0.44

. bec., 1975 - 2.33 . o.52 .
5 Aprilg 1976 | 2.35 S 0.44 . "
o July, 1977 2045 . o.4a

e Dec., 1975 . 2028 o052
.6 April, 1976 2270 0,49 ¢
L July, 1977 o2.3¢ - 0.s6 o,

- Dec.; 1975 2030 0 0.65
. 7 0 April, 1976 = - 2.29° ... 0.62
TR ' -34Ju1y, 1977 ° . 2027 0 o0 L 04620

SRRV Dec.., 1975 s~,.~'_2;13, oL 0.54
8 . .April,-1976. - 2,09 .- © 1 0.48
'7'}Ju1y,“1977,:vg-.3 2,100 oo 0083 s
C T R R PAPRINE T <
”Dec., 1975 2044 0 00560 T
© o Rpril, 1976 . 2,337 . 7 p.51 Yoo
‘ . July, 1977 24038 00 0 0,52

v

pec., 1975 2.45 . 0.9
pril, 1976 2.7 oot
1977 2.5 0.7
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e

Table 7. Population densities of Dendraster excentricus
o at four stations in False Bay, 1975-76. Means are
expressed as, adults/m2 ‘ ’ ‘

i

1975+ . 1976
Station Mean std. Dev.f 'Meaﬁ ‘Std;‘Dev.

1 106 6.8 3.6 1.8
2' 97 el 8.2 42
3 77302 a2
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e

numerlcal domlnance of a few spec1es. Four spec1es,

:Paraphoxus _prnosus, LeptOChella ‘savignyi, Cumella vulgarls,

Jnand Malacoceros fulglnosus made up 81. 36% of all animals

’1,encountered durlng the two—year study These spec1es plus

) <
seven others, Anlsogammarus cbnferv1colus, Transennella

;Pontogenela sp.,fﬁlcrosplo sp., and Eusyllls° represented

.ttantllla, Leptosynapta clarkl, Synchelldlum shoemakerl,

-

‘spec1es are summarlzed 1n Table 10

'96 06% of all 1nd1v1duals observed These ll spec1es were
‘also the domlnants when ranked by;seasonal and season X
‘statlon abundances (Table 8) The ranks of the domlnant

‘spec1es {“rled among the samp&lng statlons, and elght

L]

o addltlonal spec1es emerged as local domlnants (Table 9)

Some relevant blologlcal characterlstlcs of these

N

The populatlon den51tLes of the domlnant spec1es showed:

A

- both spat1a1 and temporal fluctuatlons, whlch were reflected

“vln the- varlatlons in thelr domlnance ranklngs by the.'

. -\uL )

dlfferent methods of calculatlon (Table 8) Spec1es whlch

AE

fwere present and relatlvely abundant at all tlmes and all

\.

‘statlons (P. SpanSUSy Leptosynapta)mranked-asfhlgh'or _'

hlgher by seasonal and statlon X season abundances
(calculatlons 2 and 3) as they d1d by tota} number

encountered throughout the study. Spec1es dlsplaylng strong

'seasonal abundance patterns (Cumella, Synchelldlum) ranked

lower by seasonal than by total abundance, wh11e~spec1es

w1th partlcularly patchy spatlal dlstrlbutlons (Leptochella,'

'Malacoceros) ranked lower by the statlon X season

Sy
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Table 8. Abundances of the dominant species in False Bay
ranked by total number collected in 160
samples, by seasonal abundance (calculation 2),
and by seasonal abundance at each of ten
sampling stations (calculation 3).

J

Species ~Total .  Seasonal Station X
Abundance Abundance ' Season

. g " “Rank . Rank Score Rank Score

Paraphoxds”éginoSus  ‘ i‘vxlﬂ 1 g 78 1 750
Leptochelia savignyi . 2. 2 68 4 389
cumella vulgaris 3 4 43 2 485
Malacocerds fulginosus 4 3 }, 53 s __ '349
Anisogammarus confervicolus 5 9 22 11 130
Transennella tantilla 6 6 31 .6 287
Leptosynapta clarki ' 7 5 - 38 3 444
S‘ync.h—elidium‘ shoemakeri - - 8. 7 24 10 184
. Pontogeneia sp.  ' 9 11 18 9 192
Microspio sp. : | iO o 8 _ 23“ 7 272
- Eusyllis? sp. : EEE 11 | 10 i9' “8“_ 197
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Paraghoxus
tridentat

~

us (A) .6 Burrower

Table 10. Blologlcal characteristics of dominant False Bay
' infaunal species. Taxonomic information is given
in parentheses. A=amphipod, B=bivalve, C=cumacean,
H=holothurian, P=polychaete, T=tanaid. Information
about reproduction was obtained from personal
. observation and from Pamatmat (1968). e=eggs
‘ Vobserved in brood pouches or in tubes, J= ]uv?nlles
in sedlment.' | »
3 \.
- \
| . o
| Adult =
: ~ Length ‘Reproductive
Species © (mm) "Lifestyle Season -
Paraphoxus- o , ' ?
spinosus(A)’ 2 4 . Burrower ) e: All vyear
Leptochelia(T) 6 - Tube builder - e: Mar.-Dec.
Malacoceros (P). T 20 - ‘Tube ..builder e: Apr.-May -
Cumella (C) o 3 Burrower . - : -e: Mar.-Dec.
Lepfosynapta (H) 80+  Semi-<permanent burrow j: Apr.-May
Transennella (B) -5 ‘Epifaunal j* May-July
Synchelidium(aA) . 4 Burrower . e: May-Jan.
Microspio (P) 25 Tube builder j: May
Anisogammarus (A) . 8- ‘Eplfaunal/burrower e:. May=0Oct.
Eusyllis?(P) - 4 5. Burrower N 2
Pontogeneia (A) 12 Epifaunal e: Apr.-Nov.
Lumbrineris(p) =~ - 90+ Semi-permanent burrow j: Oct.-Apr.

: Jan.-June
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calculation. Anisogammarus, whose occurrence was highly
seasonal andjwhieﬁ at its seasonal maxihpm wes;nUmeFOUS at
only a few stations (1,2,3,4 énd 8) fanked much lower (ninth
-ahd eleventh, respectively) by seasoﬁel and_statioﬁ:x season
abundances than by tbtai number encountered kfifth).\
Abundance rankings by stafion.(calcuiation l; Table 9)

revealed some'patterns.of dominance which appeared related

to the presence or absence of Dendraster. Anisogammarus,

‘Synchelidium and Pontogeneia receivedvtheir'highest rankings
at the sand dollar bed stations (1-4), although

Anisogammarus and Synchelidium also ranked high at station
. _ A A

8. Leptosynapta ranked highest at stations 1, 2 and 3.

Transennella, Leptochehia and Malacoceros ranked .lowest at

the Dendraster bed stations and highest at the "outside"

N

. & _ .
stations, except that Leptochelia ranked second at station 4

and lower than tenth at station 8. The remaining species (P.

spinosus,NCumella, Microspio and Eusyllis?) showed no '>

patterns of»abdndadee which corresponded with the presence
or absence of sand dollars. B |
Analyses of variance showed Signifieanﬁ (P<0.01) -
among-station differences in abundancee of all species.
tested, and some of thie variation could be related toﬁthe
:Dendraster*bed. When ‘the sums of squares for ététions were .
partitioned into the poftion due to the difference between
‘the 'sand dellaf bed and the "outside?'etatiqns and the
'porﬁion due to within-assemblage variation, the difference
;‘between the send»?ollar bed and the "outeide" statfons‘was

Pl

i

<



outside" statlons. Leptochella, Malacoceros and

.58
significant (P<0.05) for all species except Microspio and

Eusxllls? (Table 11), but the within-assemblage.variatlon

o

was also significant for all species. The difference between

the sand dollar bed and the "outside" stations accounted for

76.60%'ofvthe among-Station variation for Pontogeneia,.,

70.75% for Malacoceros and 51.25% for Transennella, but it

explained only 3.61% of the variation for Cumella and 8.98%

.of the Variation for Leptosynapta. “ "/”

Multiple range tests alsp suggested patterns,of»species

abundances relatedhto the sand dollar béd, but shoWed thab

densities of most species often varied significantly

A

(P<0.05) between pairs of sanpling stations withinﬂthefsand

dollar bed or-W”thin the “outside” Qroup. P. spinosus,
t AY

Anlsogammarus, Aynchelldlum and Pontogene1a were all

51gnlflcantly more abundant at statlons 1-4 (the sand dollar :
: bed) than at most of ‘the. out31de statlons, although P.»
,splnosus was also 51gn1f1cantly mdre abundant at statlon 6,

,rAnlsogammarus more abundant at statlon 8 and Synchelldlum

‘more abundant at- statlons 8 and lO than at the rema1n1ng

'Transennella were all signlflcantly less abundant in thev'

‘sand dollar bed and at statlon 8 than at the/outs1de§‘

statlons, except that Leptochella was very abundant at

station 4 The abundance patterns of Cumellap Leptosynapta,~v'

‘Microspio and:Eus 1115?‘were not clearly related.to the

presence or absence of Dendraster.

Large*numbers of Leptochelia were, collected at statlon
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'A summary of the partitioning of the sums of

: MleOSElO :

. ‘.&__f‘v .

Table 11,
: _squares.. for statlons into between Dendraster- bed
and other stations and within-assemblage
components, giving.the percentages of the sums of
squares accounted for by the sand dollar bed =
comparison. -Degrees of freedom for stations= 9,
between=1, within= =8, MSE= 80 ’
Species Statlons Between ' Wlthln 0% . MSE_
P. spinosus 62.032 28,077  33.955 45,26 0.154
Leptochelia 525.323  93.790 431.533 17.85 0.285
Malacoceros - 1425.788  301.235 '124.553  70.75  0.524
Cumelia " 86.439  3.119 83.320  3.61 -0.221
Leptosynapta  '50.832  4.566  46.266  8.98 ' 0. 189
‘Transennella “-' 178.205 © 91.326  76.879  51.25 0.231
eSynChelldlum 83.612  20.119 63.493 24.06 O, 319

14.290 . 'o;gsl'e 13.338 - ;6;66“'>0 490 ”'

" Eusyllis?

" Anisogafmarus  108.666 . 36.992° 71.674  34.04 0,310 -

130.935 = 0.028° 130.908 ° 0.02 0.319

~ Pontogeneia 58.579  44.873  13.705 - 76.60 = 0.418 - -




‘seasonal dlfferences. POpulatlonS of all spec1es except-h
vAn1sogammarus were 51gn1f1cantly (P<O 05) dlfferent 1n
\,1975 76 ‘than 1n 1977 Numbers of a11 spec1es varled ' o

'~seasonally, w1th order of magnrtude dlfferences between -

‘Transennella and Euszllls , reached thelr peak abundances in
.the fall samples and were usually least abundant 1n the ‘
: sprlng. Cumella, An1sogammarus, #ynchelldlum and Pontogenela
V"‘reached thelr peak abundances 1n the summer, and all but the
llast species almost dlsappeared from the bay in w1nter. g

l-.:Synchelldlum populatlons remalned elevated 1nto the[fallL

.summer samples. The other two spec1es, Leptosynapta and

60

4 because that station was located on thevedge of-a tanaid

bedQ'Sampling on the shoreward side of‘thé marker stake

: collected high numbers of Leptochelia, wh11e samples from.

the opp051te side of the stake conta1ned fewer tanalds.

Whlle the trough in which station 4 was. 1ocated conta1ned a

large population of Dendraster (Table 7), I observed that

the sand dollars appeared concentrated toward the center of

the bay and away from the tanaids.

t

Populatlon den51t1es of the eleven spec1es tested

‘showed temporal fluctuatlons whlch 1ncluda$ both annual and

vpopulation max1ma and m1n1ma for most species.

Multlple range tests for among season d1fferences 1n

'e.abUndances revealed two ba51c patterns. Most spec1es, L

"1nclud1ng P. splnosus, Leptochella, Malacoceros, T

§

but Cumella and Anisogammarus were numerous only inithe ..

M1crosplo, showed no clear abundance peaks, although thelr
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?Juvenrles were observed only in the sprlng sanples.,

The spat1a1 and temporal patterns in dlstrlbutlon and
domlnance pﬁ the major False Bay specles arewsummarlzed in
Table i2; SRR | ]di R h.yf L N o

| Fdf most species the’statichX season, station X year, -
season X year and three way 1nteractlons were 51gn1ficant at'
’fleast at the 5% 1eve1 These 1nteractlons are 1mportantv -
because they suggest that not only were the spat1a1
“dlstrlbutlons of the spec1es patchy, but thatathe 1ocatlons'
_tof spec1es greatest den51t1es d1d not remaln constant.

= ShlftS in the locatlons of patches of Legtochella were

most dramatic. Follow1ng a max1mum den51ty at: statlon 7 of
_1548 tanalds/O 01m2, in October, 1976 ‘the populatlon reached
a seasonal max1mum of only 454/0 Olm there 1n October, .

fl'77 whlle at statlon 6 the populatlon 1ncreased from a

'f-19'6 maxlmum of 84/0 Olm2 to 2541/0 01m2 1n October, 1977

" The Co’munlty

R Al'hough the populatlon den51t1es of the dominant,
;:spec1es var1ed seasonally and annually, the species
'_comp051t on of the communlty changed llttle durlng the

two-year study Of the 35" spec1es used for multlvarlate

'ana1y51s,\26, 1nclud1ng all 11 of the domlnants, were

§
l

encountered at all sampllng times. Only one spec1es whlch.

~ appeared as a local domlnant was absent at any sampllng

o
e
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.1t1me- the amphlpod Callloplu sp was.not encountered-in'
~hay, l977. S1nce the rema1n1ng spec1es were relatlvely rare,'
_’the1r absence from the samples on any date probably did not

~w1nd1cate thelr absence from the bay. |

| Cluster analy51s d1v1ded the 80 . samples into flve
vgroups wh1ch rpughly represent the sand dollar bed plus -

f!statlon 8 in fall and winter, the sand dollar bed plus

vy

; statlon 8 in Sprlng and summer, most other statlons (S 6,
‘9,110).1n sprlng and summer, most other statlons in fall and
w1nter,3and hlgh dens1ty tanald beds (>300v '

_Leptochella/o 01m2, except statlon 7 in Aprll 1976)'(Figure

h6) These grouplngs were not rlgld however.,There was - some_‘*

: overlap between the seasonal groups, "and statlons 6 and 10
'_u,from the Decem&@r, 1975, sampllng were 1ncluded with the h:
‘sand dollar bed The samples from stat1on 4 frequently were'
,1nc1uded 1n the other statlons grouplng, probably because:d

ﬂ\of that stat1on s locatlon on the edge of a tanald bed T _d

' The cluster analy51s suggests that the fauna of statlonﬂg][f;a-i

%8 1s more closely related to that of the sand dollar bed

_n_than to the other out51de statlons. ThlS assumpt1on 1s ﬂ”e“al_,.

,_rsupported by the patterns of dlstrlbutlon of the domlnant

’,fspecles. Leptochella, Malacoceros and Transennella, Wthh g:
were rare 1n most of thg%sand dollar bed were also rare at
Y .

v,statlon 8 whlle Anlsogammarus and §xnche11d1um, wh1ch were':

‘_most abundant 1n the Dendraster bed,'were als% abundant at
'statlon il (Tﬁ‘ble 12) |

Pr1nc1pal component analy51s produces as: many
','/ E : : L L g . .
TR o '?;,QLHM;
e T _ :

e



?igure 6. Clusters of the’SOvsamples of False Bay infauna.
- The five major groups, identified by c1rcled
numbers, are as follows.~

>
% : _ . .
P "Out51de" statlens in fall and winter
o '2f_"0ut51de stations in spring and summer,>
7 .. 3- High density tanaid beds '

4- Sand dollar bed in spring and. summer
5- Sand dollar bed in fall and winter

~ Each samplefis_coded’numerically'as fqllows{

" The flrst number represents the yearr
+ 1- 1975-76 :
v 2-1977

"~_The second number - represents season.v'

1- Winter
2- Spring’
3-..Summer.

"4—'Fa11

n7¢7 L:"e,7_The thlrd number (two dlglts) represents the:
P fsampllng statlon (l lO) ‘ ;
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51gn1f1cant (Cassie and Mlchael
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components as there are variabies (species). The

°

51gn1f1cance of each of these components can be tested

statistlcally, but 1t is more convenlent to d1scuss only the_

\ 4

_components wh1ch can be 1nterpreFed reasonably than to L

‘-lnclude all components-whlch mlgﬁt be statlstically

968) .

The pr1nc1pal component ana1y51s of the False Bay data

produced seven components whlch apcounted for 79 8% of the -

‘total variance (Table 13). However, only three of these

components can be usefully 1nteerFted The factor loadlngs
of these three components are presented in Table 14,
Follow1ng the method of Ca551e and Mlchael (1968), the

spec1es are arranged in descendlng order of the elements of -

the- flrst vector, and the hlghest absolute load1ng recelved

by each spec1es 1s 1nd1cated w1th an. asterlsk Not all

—épec1es have a coeff1c1ent marked w1th an asterlsk as for
several spec1es the haghest loadlng was on a component not_”

,represented here.lt',

Accordlng to Ca551e -and. Mlchael, marked coeff1c1ents in

jth T

;the same vector whlch have 11ke signs 1nd1cate spec1es whlchi»
"5are members of the same communlty Slnce I sampled from a

'llmlted tldal range on a’ 51ngle beach, my samples should allf

SN .

have come from what 1s normally con51dered one commun1ty.

’v_Further,_I studled temporal as well as spatlal

o

-f:dlstrlbutlons. Thus, thlS type of 1nterpretatlon 1s not .

entlrely approprlate to my data, but 1t might separate a

. 9 : N g
sand dollar bed communlty" from an. out51de_'dommun1ty,:-a"
B - : . - . ‘L L JIRREET
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‘Table 13{,~Percentéges of the total variance in-popdlatidn
densities of False Bay infauna explained by

seven principal components. o‘

£
Principal Component CumdratiVé
Q R i
/ _

1. E 3500

- 0of Total Variance

2 g S 51.5

3 | | | 60,4

4 % 67.7° % .-
_ 2 S o L

.76i7 

£y « e
A5 |
3
1
e .

. : v

- B ¢
B 2 o S
: 7 $
.

%
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Table 14.

L

Factor loadings on the first three principal
components of 35 False Bay infaunal species,

* indicates the highest absolute loading
for a species. # indicates tube builders.

68

0.6860%

Variable (Species) PC 1 PC 2 * PC 3
" Leptochelia savignyi# 0.7630* 0.0121 0.3930
‘Malacoceros fulginosus# 0.7350* -0.1110 ~0.1210
Transennella tantilla / 0.4710*% -0.0411 0.1310
Lumbrineris zonata 0.1850 -0.0352 0.2650%*
Protomedia zotea?# 0.1660*  -0.,0872 -0.0407
Axiothella rubrocincta# 0.1570* -0.0126 -0.0020
Nemertopsis graclills . 0.1560* -0,1370  0.1360
Mysella tumida : 0.1250* .-0.0172 -0.0264
Photis brevipes# 0.1220* -0.0170 ~-0.0403
Microspio §§L§p | 0.0957 0.0963 0.0217
Amphilporus sp. 0.0786* -0.0083 0.0628
Phyllodocidae spp. 0.0765* -0.0036 0.0447
./ Nebalia pugettensis 0.0574 0.0016 0.0564
i Onuphis elegans# 0.0529 ©  0.0650 0.0629
i 'Other Nemerteans 0.0506* -0.0100 . 0.0111l
Leptosynapta clarki 0.0433 0.0654 -0.0380
Nereldae spp.# 0.0426. -0.0181 -0.0110
- Eusyllis? sp. 0.0396 - 0.0380 0.3850*
Capitellidae spp. 0.0378° =~0.0312 0.0673*.
.+ Armandia brevis '0.0364 -0.0945 0.1220%
Podoceropsis sp.# 0.0330 '-0.0057 -0.0205
Oligochaetes 0.0325. -0.0256  0.1710%*
Clinocardium nuttallii 0.0231* -0.0079 0.0095
Macoma spp. 0.0097* ., 0.0031 0.0067
Cumella wvulgaris 0.0042 0.3460 -0.0688
Paronella? sp. ” -0.0035 -0.0122 -0.0303
*Corophium insidiosum# ~-0.0069 -0.0159 - 0.0069
Lamprops 'sp. P ' -0.0130 .0.0348 0.0211
Paraphoxus spinosus - . ~0.0382 0.0697  -0.1250
Synhchelidium shoemakeri -0.0385 . 0.3800 -0.0532
Lysianassid amphipod -0.0467 -0.0262 -0.1420
Paraphoxus tridentatus ~0.0506 0.0522 -0.2870*
Calliogius sp. -0.0756 0.1400*  0.0037
Pontogenela sp. ~ -0.1530 0.0478 0.0688
Anisogammarus confervicolus -0.2440 -0.1350
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,Thirteen species have their highest absolute loadings
(all posittve) on the first principal component. These
species are tubicolous pochhaetes ano crustaceans, bivalves
and hemerteans, with the' phyllodocids the only
non-tubicolous polychaetes included. Nemerteans end

phyllodocids are predators, and I have observed Nemertopsis

gracilis feeding on Leptochelia in the laboratory. It is

reasonable  that these predétors should be found among high

densities of potential prey. Thus, principal component 1

t

represents an association of tube builders, their predators —

and smail clams.

Denseé concentrations of these tube builders do not

occur‘in the sand dollar bed (ekcept the Leptochelia at
station ¢4, as'previously noted)‘ None of the spec1es w1th
" negative coeff1c1ents in the flrst vector has its highest-
absolute loading on that factor, but most of the Species
w1th negative coefficients are epifaunal or burrow1ng
amphipods which are'most numeroqs in the Dendraster bed.
Only two speciee have their highest absolute loadings

- on principal component 2. Both are amphipods, Anisogammarus

conferv1colus and Callloplus SP., whlch are abundant only in .

the summer. Thus, this vector reflects a seasonal factor
trathéf than a spatial community

Four of the five animals whose highest absolute
coefficient occurs in principal component 3 are but:owing

~ polychaetes, or at least polychaetes which do not possess

]

obvious tubes, and may represent a burrowing polychaete : .
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#

association which is separate from the association of tube
builders as Woodin (1974, l976f predicts. However, this

group does not appear to be excluded by the tube builders,

Abut rather is associated.with some of the stations‘whére

Malacoceros and Leptochelia are most abundant.

4
The principal component analysis can be interpreted

alternatively by ‘considering the species which have the

highest absolute coefficients in each vector (i. e.,

considering the highest loadings by ‘columns rather than by

rows), determining their distributions, and from this
information forming hypotheses about .environmental factors

which each vector might represent (Sprules 1977). Principal

N

cdmponen; 1 is most heavily loaded on Leptochelia,

Malacoceros and Transennelia, which occur predominantly at

asites_dhtside the sand dollar bed (except that they are

scarce at station 8). This component represents the
separation between Dendraster and tube builders. The speciesi

contributing most to principal component 2 are

_Anisogammarus, Cumella and Synchelidium shoemakeri, species

which are most abundant in the summer samples and rare in
the winter samples. Thus, principal component 2 reptesents

seasonal variation. The third principalgcomponent»overlaps
. -5 A

somewhat with principal component 1. The species which

.contribute the most to it are Leptochelia, Eusyllis? and

Lumbrineris zonata, with positive coefficients, and

Paraphoxus tridentatus with a négativeréoefficient.~P

.”tridentatuswis/abundént_only at stations 1 and &, where it

v
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is onetof_the dominant species (Table~§).<Tne‘other’three
species are rare at these locations. Thus, this component
may represent an enyironmental difference,between the more
exposed stations at the mouth of the bay and other stations
nearer itsbhead. |

Discriminant analysis completely separates the four7
groups (sand dollar bed in fall and w1nter¢ sand dollar bed
1nvspr1ng and summer, "outside" sgations in fall and winter,
“outside“ stations in sprinq and summer), and the separation
of\each group from all others is statistically'significant
at‘the 1% level iTable 15). Two of the'three.canonical
variables provided by.the anaIYs}s account 595‘98’5% of the
total dispersion. The éo samples,are plotted in relation to
those Qariables in Figure 7. Flearly canonical variable 1
represents season, while canonical variable 2 represents'th%f.
spatial separation between the sand dollar'bed'and'the other
sampling stations. The samples from station 8 flt into
groups 3 and 4 and do not appear to be more appropriately
' cla551f1ed with the sand dollar bed samples, nor do the °°
'high den51ty tanaid bed samples appear as outliers more -
appropriately placed in a separate group, as the cluster
analysis had suggested. ‘ ; '

ThevSpecies which contribute signifioantly'to the
separation,0f the groups are listed in Table 16. Included in-

this list are the dominants P. spinosus, Cumella,

Malacoceros andeus 11is?, whose spatial and temporal

‘distributions have already been detailed (Table 12). The
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F-matrix testing the separation of four site-

Group 4

Table '15.
’ ' ‘season groups of the False Bay samples, based _
on discriminant analysis. Group l= sand dollar -
' . bed in fall and winter. Group 2=sand dollar -
a ~bed in sprlng and summer. Group 3=other
C stations in fall ‘and -winter. Group 4= other
stations in spring and summer.
Degrees of freedom=8,69.
Group 1. - »Gféup 2’ ' Group 3
- . .
' Group 2 13.35
. Group 3 1679 o 39.19 |
29.55 12009 32,43
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Table ‘1. A summary of the discrfiminant analysis of the ,

- ° . False Bay data, giving the proportions of the
total dispersion explained by the three canonical
variables and. ‘the gpecies and their coefflcients
-used to calculate these variables. :

LA

~ : Canonical Variable.

g

o

1 2,3

Cumulative: Proportlon of & b T o
| Total Dlsper51onf 0. 0.64500  0.98949 " 1:00000" -

: Canon1ca1 Correlatlons ~‘ ﬂ: .0.92718 0.87516 0.30123" -~

variable . - Coefficients fof Canonical Variables

_Paraphoxus ;pinosus’;'i' -,’2'92?39:' 1‘87272 f~1743174}}“;4

’:Cumella vulgar1s o “[‘Q -l 92976.’—0 34678 0. 32545”f7

Malacoceros fulg1nosqg//"“* 0.77186 5-1 4§§@8' 0. 44315
‘~Euszlllsv sp. © 0.66134  0.98331 -1.25212

Armandia brevis » ‘ '3~31995 —0.12868 -1.10775

paronella? sp. . o 4 51735 -5, 22778 0.05539 %

Mysella tumida - . 88052!4 2. 44155 10.64907

' Corophium insiiosum . 3.99567 0.66416 3.14468

Lamprops sp. - . °1.94043  1.29697  4.04623

Comstant - =7.48329 -2.16600 3.1503

. J :
) : B
. —




N ,F'igure 7. ’I‘he 80 samples of False Bay infauna plotted in

\
relatlon to canonlcal varlables 1. and 2

Numbe«rs 1ndicate locat1ons of the group means. -.

;The groups are Ldent_1f1ed as_»‘follows:y_’.' o

| ' l- Sand dollar bed 1n fall and w1nter
‘ O 2~ Sand dollar bed 1n spr1ng and summer(
A 3- Other statlons 1n fall and’ w1nter :

A 4- Other st_atlons _‘1_n‘ spring and,summerﬂ_! -
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‘remalnlng spec1es 1mportant to the separation are rare in

most samples. Mysella tumida, a blvalve, is assoc1ated w1th

5the tube builders Leptochelia and Malacoceros (Tableal4)

'_'Armandia brev1s, a burroWhng polychaete, shows a strongly

f
‘o

| *fseasonal abundance pattern, which has been described by

Pamatmat (1966 1968)'and Woodln (1974), belng absent from

o

“all but one of the summer samples..Althou?h Armand1a was‘

I

"51gn1f1cantly more numerous 1n51de than out51de the

'sp., a burrowznﬁ c@macean, are also strongly seasonal,
L occurrlng primarily in fall and w1nter samples.‘

N assoc1ated w1th stations 1- 4 ‘ﬁv.-w’”¢'}

'station 8 with the Dehdraster bed stations,rmaking thei .

; 1}Dendraster beds surveyed 1n Chapter II, 1t d1d not show thlS h

/ s

‘dlstributlonal pattern in Fah;e Bay ParoneLla’n an 17fif3 \fﬂ‘t
"interstitial polychaete,fis very rare ‘in all samples, w1th a
' 1max1mum den51ty of 2 5 1nd1viduals/0 Olmzl but 1s most

'liffregularly encountered in the samples from stations 8 and lO.f.;,

¥

fuCorophlum 1n51diosum, a tublcolous amphlpOd'-and amprops

Lam r" i

", Although there was no a priori reason for 1nc1ud1ng

..

hstatis;idal test of the separation of the groups invalid

:e(Green 1971), I did the analysis again including the samples

-from station 8 1n grougs l and 2 This modification also

resulted 1n an apparently dbmplete separatlon of the groups,;l

'(}Qwith the station 8 samples fitting wef@ﬁlnto groups 1 and 2

and not seemlng misc1a551f1ed The first two canon1ca1

0w

' ;Tvariables accounted for 97 9% of the dlsper51on. The plot of

4

".the samples 1n;relatlon to canonical variables 1 and 2 .fﬁi

s

id S
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changed little from:Figure 7, although,the group centroids
';;were shifted. 'The 1iSt'of species‘contributing.significantly"

,'to the separatlon was changed, w1th Eusyllls° Paronella"

fand Mysella being replaced by Anlsogammarus conferv1colus

" and Ax1othella rubroc1ncta. The latter is a tublcolous

ﬁpolychaete whlch was never encountered at sbatlons l 2, 3,
- \2/‘\ . -

4 and 8.

o : T

‘D Dlscu551on PR
Large temporal ffuctuatlons 1n populatlon den51t1es
apparently are common in benthlc communitles. Andérson_?;;h

den51t1es*~'

;(1972) found seasonal varlatlons 1n the populatlo‘g
4j‘of the domlnant 1ntert1dal spec1es 1n Morecambe Bay on the o

rlsh Sea, wh11e Moore~(l978) noted seasqgal shlfts-lnvthe f.v

| -fxdlstrlbutlons of 1ntert1dal macrofauna in the Lower Mersey

v'fSubtldal benthos. Gre

'”hEstuary,.U. K Frankenberg and Lelper (1977) descrlbed

i P IR
'

'f[order of-magn1tude denSLty;%hanges after 51x years and
b ‘;‘?‘ [ O e R
'seasonal Changquﬁs % 'f;aS.ghree orders of magnltude 1n»”?3

and Hobson (1970) reported a

I

a"

"-ftwo order of—magnltude increase OVer one year 1n the den51ty

s o
g

of a splonld polychaete.-ﬂf" ' y’f'f o
Spatial structure characterlzed by the patchy

"ndlstrlbutions of dominant spec1es also appears typical of

vsoft sedlment 1ntert1da1 habltats. Anderson (1972) reported

N
s

_f;large varlatlons 1n 1nfauna1 den51t1es at a glven shore

f level and felt the reasons for such varlatlon were - not

o B
AR



som@ Species varied as much as three orders .of magnltude_

- 78

v

'readily apparent; Green and Hobson (1970).measured S

3

51gn1f1cant dlfferences in numbers of three abundant spec1es
among contlguous 6 0-m squares.
‘Both spatial and temporal factors, characterized by

numerlcal fluctuatlons rather than by changes in spec1es

comp051tlon, have emerged as major forces 1n the structure

of the False Bay 1nfauna1 commun1ty. Populatlon den51t1es of_

N

among sampling stations and showed seasonal changes of twol~

orders of magnitude, bd& the domlnant spec1es occurred at g

least occa51ona11y at all sampllng stations and 1n all

o i

seasons.” - R R

Populatlon maxima of - most of the dominant spec1es not

only fluctuated durlig the two years ofgthls Study but aISO;F,Wﬁt

differed from the observations of Pamatmat (1966 1968)

Although all of the eleven domlnants were present during the@{;.

earller study, peak den51t1es of P *pinosus,'Leptochella,_flﬁr

Cumella and Anlsogammarus recorded 1n the present survey

Al
“._were one to two orders of magnltude hlgher than those

,

reported by Pamatmat. However, 51nce sampling technlqmes and

. microhabitats sampled 1n the two studles differed,ﬂit 1s'

1mpossib1e to conclude that there has been any long term’:
trend toward population 1ncreases. | L . |
» :L It 1s perhaps surprlslng that the spec1f//comp051tlon
of False Bay has remained so stable, Eagle (1973) reported

faunal chanaes in the unstable mud of . leerpool Bay, 47

characterized by loss of species washed out by turbulance¢

A

B b SO
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and thelr replacement by avallable larvae. On a smaller_‘

scale, Johnson (1970) noted changes in faunal compos1t10n in’
<©

.Tomales Bay, Callfornla, w1th replacement of some. domlnant'

spec1es at 10 of 25 31tes. I d1d not obserVe even. thlS type

‘Aof change, although the locatlons of greatest abundances of
‘some spec1es changed dunlng the two years._tf ] o //f
€~‘f The spatlal structure of False Bay Ls,.inbpart, related :
;to the presence of the Dendraster bed The 1nfauna of the

’ 'bed (statlons l 4 Flgure 5) ls demonstrably dlfferent from

~

pf that of. the ocher sampllng s1tes regardless of: temporal S )

'*g4'fluctuatlons (Flgures 6 and 7) It is character1zed by

Eip. 0 T

fﬁirelatlvely hlgh dens1t1es of burrow1ng and eplfaunal »-,ﬂ

c

namphlpods, partlcularly P splnosus, An1sogammarus,f

j;SynchelldLum and Pontogenela and (w1th the exceptlﬂn of the.

&

’“'”tanald bed at statlon 4, Wthh appeared t° abUt on. rather o

"_than occur 1n the sand dollar bed) reduced numbers of

f»Northwest beaﬁhes repdrted 1n Chapter II.;_,

**other

f,;Transennella and of tube bu1lders, partlcularly Malacoceros ,‘h

s

bﬂand Leptochella (Table 12) The pauc1ty of these organlsms

"(1n the sand dollar bed was observed on the other Pac1f1c:;l;ffff

» . .
s B i T v
o o R
. o

l

Environmental d1fferences alone are 1nadequate to “3fﬁl

1

'*account for faunal dlfferences between the Dendraster bed

S, <~ N )

fand the outside stat1ons. Although organic content,i’
'yhsed1ment graln 51ze and sortlng coefflc1ents are"

l 551gn1f1cantly dlfferentiln the sand dollar bed than at the ;v'

,;not 1nfluence faunal d1str1but10ns.-Pamatmat (1966) felt

,ations, the d1fferences are sp small that they may P



dlstrlbutlons of the False Bay infauna. In the present

.‘theorlzed that small ep1faunal blvalves Wthh brood thelr

'Jand occur in the upper 1- 2cm of sedlment (Pamatmat 1966 lﬁﬁ.

'L?Chapter IV)

'sjkcould not surv1ve 1n the unmodlfled sedlment

that differences .in sediment grain size among the stations
, v . v ShEE rons.

,which'he sampled were unimportant in determining the

study, the coarsest sed1ments were found at statlon 8 and

ooy

the flnest ‘at statlons 2 and 3, but these locatlons have

: s1m1lar fauna (Flgure 6)

The d1str1butlons of tube bu1lders are also 1mportant

Cepr .

to ‘the spat1a1 structure of the bay. Pr1nc1pal component

analy51s suggested a d1st1ngulshable assemblage cbmposed of

tube bu1lders, thelr predators and small b1valves. ThlS type

s of assemblage has been predlcted by wOodln (1976), who

S

W ;

NS

fcuyoung should reach thelr hlghest den51t1es among tube 'Qf%i~v

@

St

.”bu11ders. The most abundant b1va1ves 1n False Bay, : :

'”.Transennella tantllla and Mysella tum1da, brood thelr young

s
W

Ee

The pr1nc1pa1 component ana1y31s can also be

”‘;1nterpreted as suggestlng that the tube bu11ders 1n False j,ff

ol

'#tay represent an. env1ronmental.factor. Several authors |
‘”(Fager 1964, M1f§s 1967 Rhoads and Young 1971 Young and‘ |
nghoads l97l) have prov1ded ey{dence that tube bullders do,,_an
lti:rh fact,'modlfy the environment, stabllizing the sedlment,;:

‘”f1ncreas1ng spatial complex1ty and alterlng med;an graln_}i.f,~;

7°asize. Thus, tube mats prov1de habltats for organlsms Wthh

o

Although both the sampllng data presented here (Table l°

e
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AR SRR .8l

12f~andfin Chapter II and.. exberimental evidence (dhapter'IV)

' suggest that h1gh den51t1es of tube bullders cannot coexist

VJ &

w1th sand dollars, Dendwaster alone- do not control the"

,dlstrlbutlon of the False Bay tube mats._For example,

o

locatlons of the hlghest density concentratlons of

G

‘“Leptochella changed durlng ‘the two years of thlS study, but

Al

no alteratlons in the dlstrlbutlon of Dendraster were

aQ BN - e,
observed wh1ch could account for the change. SR %

Shlfts in locatlons of mats of Leptochella may result

from summer mlgratlon or mortallty Pamatmat (1968 observed
‘5.

large numbers of tanalds floatlng on the water durlng the

f'summer.vI have seen the same. phenomenon and observed that

:L’a

'7‘tana1ds held 1n the 1aboratory left the1r tubes and Came tO

"ithe sedlment surface when the seawater 1nflow was

1nadvertently shut off Durlng summer 1ow tldes heat stress

-a nd/or anox1a must force Leptochelia to the sedlment

9

i,)surface, where they are caught by the 1ncom1ng t1de and

":trapped by thelr hydrophgblc carapaces in. the surface fllm."“u

i % B S
',Mortallty of these 1nd1v1duals must d? >but perhaps a

5
3

 few surv1ve to be carrled to dlfferent O ions where they g b

%

.')-'

fjmay bu1ld new tubes. Regardless of thelr fate, such anlmals

fipopulatlon decllne at that 51te.

3

<

fare removed from the orlglnal tanald bed, contrlbutlng to a

DR R

Reduced numbers of tube bullders and 1ncreased

e

,ff;den51t1es of motlle amphlpods may also occur 1n the absence

"e;fof Dendraster. Both cluster (Flgure 6) and dlscriminant

,-janalyses suggest that statlon 8 has faunal aff1n1t1es w1th _f

Lo,
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the sand dollar bed, including seduced numbers of

\ .
Leptochelia and Malacoceros and high densitiescof
- .

Anisogammarus, Synchelidium (Table 12), and Paraphoxus

he ’

‘tridentatus (Table 9). ’ N

: Wy : s ' .
. Station 8, located negrest the mgﬂth of the bay, is the
most exposed of the ten stations. Its mean grain sdize is

significantly higher than that of any other station (Table

'5), suggesting that wave a%tion is strongest there. Thus;

w

Ehe_habitqt ét station 8 may undefgoffrequent disruption due
to wave action, while similar disrﬁption %ay occur iﬁ the
sand.dqllar ?éd due to Dendraéggf's bufrowing'(ChapEer Iv).
Aithough the reéso;s‘ﬁor instability differ, the net résult
at stations 1-4 and station 8 shodld be similar, creating an
environment in which tube builders fina itidifficult to
exist. | |

v .

Elevated numbers of amphipods’a;\ftation 8 suggest that

.the high numbers of amphipods in_thé Déhdraster‘bed éduld be

due to lack of tube builders rather than any positive

assotiation with sand dollars. Paraphoxus spp. are

burrowers, which may be competitively inferior to tube

builderé as Woodin (1974) described for polychaetes.

" ‘Thus,” it appears that both sand dollars and tube
buildefs play major roles in the structure of the False Bay:
infaunal community. While the tube builders»provide'v

' 0 -
microhabitats for some organisms, the role of Dendraster in

creating such habitats is less clear. However, the sand

dollars are important .because they limit the distribution of

b



tube mats and in,this manner control the patchiness of

microhabitats available to other infaunal species.
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IV. An Experimentai Evaluation of the Rolé of Sand Dollars

. 2
.
&

in the Intertidal Community -

A. Introduction

Experimental field studies have revealed that
competition and bioturbation are much'more‘important in the
structuring of soft sediment communities than had previbusly

been believed. Woodin (1974) demonstrated.competitionafor

space between tube-building and,burrbwing‘pochhaetes,'while.

Petersen (1977) showed interference (and euggested spatial

competition) between the ghost shrimp Callianassa

californiensis and the bivalve Sanguinolaria nuttallii. Orth

¢

(1977) found that diéturbanCe of the sediment by_cownose

rays resulted in the loss of both individuals and species of
: te / o :

) W ! o ) LI
infauna from a .sea grass community. Wiltse (1977) noted that

Sy . ’
the presence of the moon snail Polinices duElicatus reduced
¢

the numbers of 1nd1v1duals and spec1es not only of its

.
molluscan prey but of polychaetes as well ' she suggested"

that the loss of polychaetes resulted from the phy51cal
dlsturbance of the snalls burrow1ng. Vlrnsteln (1977)
‘studylnS’predatlon on 1nfauna by crabs and fish, was unable
to. e11m1nate dlsturbance of the ;:dlment by the foraglng
act1v1ty of these predators as. a cause of morta11ty. wOodln

(1978) found that dlsruptlon of the sedlment by horseshoe'

4crabs (Limulus polyphemus) and blue crabs (Calllnectes

sagidus)‘resulted in reductions in both the number OE’

spec1es and abundance of 1nfauna, but demonstrated that the

A=)
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. / . ¥ .

tubes of the polychaete Dlopatra cuérea prov1ded ‘the smaller-
- ' :

1nfauna w1th a refuge from this dlsmurbance.,'

1 have observed (Chapter II) that reduced numbers of
tublcolous polychaetes and crustaoLans occurred in areas

4

domlnated by sand dollars on ten’ feaches, and I have.,”u

‘Qobserved (Ch?pter IlI) that on o7e 1ntertida1 sand flat the»ﬂ"?r'

4~,.

'faunal assemblage of a sand doll r'bed is demonstrably ‘nuil,i7

adlfferent from the fauna not assoc1ated w1th sand dollars

B

-but 1s 51m11ar to that of a statlon tharacterlzed by wave fﬂ-

v, v\ﬁ

'dlsturbance, and that thls dlfgerente has ex1sted for at*&if"ﬁ”“f

e o . B N LI b

‘ least two years. ' g"f; _:._ 5

The follow1ng experlmenZﬁ were de51gned to test for

‘1nteractlons between Dengras er: and 1nfaunal spec1es and to IR

elududate ‘the - mechanlsms of these 1nteractlons {
Dlsturbance of the sedlment by sand doliarﬁ may
- adversely affect xnfaunal spe01es whlch 11ve at ;?\above the J*

fdepth to whlch sand dollars usmally burrow Spec1es wh1ch

Q

vifwhen dlsturbed are slow .to, reburrow‘should be most severely

'7_affected Both laboratory and fleld observatlons were used
ato determlne the depth dlstr1butlons and burrow1ng rates of ‘tf%[

‘;selected 1nfauna from False Bay. The depth to whlcb sand R

fdollars burrow and turn over the sedlment was also measured
in both the 1aboratory and ‘the fleld. IR

\

i
To test whether observed 1nfaunal dlstributlons are

'factually due to negatlve 1nteractlons w1th Dendraster, sand
.dollar den51t1es were. manlpulated by exclosure of anlmals

from sand dollar beds or transfer to areas where Dendraster



fﬂwas 1dent1£1ed

"completed, the an1ma1 was dug up to prevent ltS belng

,Aremeasured

"w'-_ic197s>

'T,Hbed and all Dendraster w1th1n a l 5 m radlus of the stake

of. sedlment turnover by,sand dollars.f

R

The depthS“to whlchosand dollars burrow 1n the fleld :“ﬁfbl

thd . / .

';was observed on a low nlde dur1ng m1d iummer. A plastlc

'@(ruler was pushed 1nto the sediment untll 1t eoptacted a sand

N ;«_

dollar.-The margln of the test reachlng the greatest depth

AN L -

and the dlstance from thls 901nt to the

“

. sedlment surfaée was recorded WHen each measurement was»“’;

- R . \ .

7
¥

The dlstance whlch sand dollars move durlng a 24 hour

o

?Qﬁwere removed One hundfed anlmals wetenmarked w1th na11

ol

ff;dpollsh and placed around the stake.;On the followlng day s_;t“

\

Vglow t1de all sand dollars w1th1n a 2 m radlus of the stake ,ffl

[ e . 4

’were collected The dlstances from the stake of all marked

fﬁand unmarked anlmals were recorded at 0 5 m 1ntervals. The

+

» ‘v A r‘: ' ' ?\) i
n, L “‘v‘ ‘- . . . -
. Y, 86
. : " \',«f"
- had not previsusly-been found., teoe NP c
. Lt Lo } l‘“. o - ' '.’,,'r s > ; . .‘ ® v' " j & o ». : "
C - et fj LtE S
e« ‘—:’ x ' . M ' ) r 3
. »B Burrow1ng Behav1or of False Bay Fauna R &
,5 Methods and Materlals ,w;{af_73°4;j,-?él'7" 5 o
The burrowlng behav1or of sand dollars and of the 5 fo
’smaller 1nfauna was observed 1n both the laboratory and the
'fleld These studles 1ncluded depth dlstrlbutlons of the
7¢an1mals 1n the sedlments,/thelr burrowlng rates and the rate o

At low tlde a stake was placed 1n the sand dollar ;;jf“”“*"




mean dlstance travelled 1n 24 hours was calculated from th
. . RN @‘ o . LA o
frequency dlstrlbutlon.a - “ -

"fﬂ‘_fj.Sand dollar movement was also measured by a: second

N v

“;method FQU” r.0- m2 plots 1n the .sand, dollar bed were marked

- JWlth stakes. A 0 25m2 quadrat subdlvlded into.nine squares

5

iwas placed succe551ve1y in. each quarter of each plot Sand

'dollars were located by problng the sedlment w1th f1ngers.

()

@'fThe1r1p051tlons were regorded on grlds representlng each

)

:_> ‘1?Qm2 plot w1th 1ts 36 SUbdlYlSlonS. Thls procedure was

ERRY [

'frepeated on four succe551ve days.-The mlnlmum dlstanae that

. the anlmals had moved each day was calculated as. the m1n1mum
-f'dlsplacement of the sand dollars from thelr arrangement on’
"Athe qud at day d requlred to produce their arrangement on

@

ﬁiday d+l. Anlmals whlch appeared 1n or dlsappeared from the

L ST . NS

"‘kquadrats from day to day were assumed to have done so by the‘.

»,

Cw . AR
\‘ -, . o
. .on L

: B '/ . - \ 3
& e %

An experiment was des1gned to 1llustrate the " effect of

,iqcalculated dally.“i_n'f

@

'E'sand dollar burrowlng om*turnover of the sed1meﬁts.~

0 09-m plastlc aquarlum was fllled to a depth of 8cm w1th

'W sedlments from Ealse Bay. a 2 cm wlde strlpe of whlte sand
s § .

(Sand Art, Top Drawer, Inc., Newport, Oregon)awaseplaced &

.,4» VoW : s AT

“Vacross thercenter of the aquarlum at the sedlment surface.\;i ‘
) ”pSlm1lar strlpes of green, blue and yellow sand e
- . 4, - oy

-frespect1vely,‘%ere placed at 2_.]4 and ﬁ—cm depths._Twelve

o ~

o most dlrect route. Mean- dlsplacements for each plot were 7f‘f“”"

g =sand dollars were: added and the aquarlum was maintalned for3 e

x,‘,_ P

ffour days w1th constantly flow1ng sea water,'except that the

2 ¢ : &

r,é{

H . . ot e

- c
¢



~ water was_ dralned to the sedlment surface for two hour
-perlods at 2\\hour 1ntervals to 51mulate low tlde.‘
The experlment was repeated USlng a 0.1lm2 aquarlum.

'bcontalnlng only flve sand dollars. In thls case, colored

S

sand was obtalned by spray pa1nt1ng drled False Bay sedlment'

‘with Flesta Spray Enamel (Roxalln Internatlonal Toroq;d, 5

-3

Ontarlo).fA;cross of palnted sand was placed at the sedlment:-

‘surface, and 0 5-cm deep layers of dlfferent colored sands

Q& .

were layered with untreated sedlment at 2 -cm 1ntervals to a

_{depth of lOcm. The experlment was malntalned in flowing sea
water wath daLly "low t1des forhone»wegk
Depth d1str1butlons of the other 1nfauna 1n mld summer

were measured by taklng sediment’ cores w1th a c1rcular

. sampler (surface area: 4Ocm2 to a depth of - lOcm.,Each core

o was subd1v1ded at 2 cm 1ntervals. A total of 15 cores were

;taken, flve each from stat1ons 2 and 3 (Flgure 5) and flve

between statlons 6 and 7 Infauna were preserved and

s
..\

'recovered as descrlbed 1n Chapter II. Data: Erom all samples;ﬁ

Sy

?bjwere pooled and the percent of each spec1es occurrlng at

each depth 1nterva1 was: calqulated Due to taxonomlc

problems at the time of thlS experlment the sp1on1d spec1es_7

Vs

Aand the tWO spec1es of Paraphoxus were not separated
. B

The burrow1ng rates of common 1nfaunal spec1es were

LR

\Vmeasured in the laboratory Sedlments were collected from o

r' Fa1se Bay and held in flowlng sea water at 12 13C for no-

'

;more than 3- 4 days. As they were requ1red for tests, anlmals

. i o
were gently 51eved from the sedlments. Only 1ntact,

,

N Lo . . B c co B . : :
e : a - - . . .
B B . e - s

\»}

&
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\apparentlv healthy'animals were used. This reQuirement meant
that several spec1es of small crustaceans could not be ,
ltested . as it proved 1mp0551b1e to extract them undamaged
.All anlmals were tested 'in flowlng seawater at 12 13C The

vlarger anlmals (adult. Leptosynapta, Transennella and the_

‘polychaetes) were tested in- clear glass bowls fllled to .a
depth of 8cm w1th the sediment from whlch\mhe anlmals had

Abeen extracted Smaller organ1sm5'(3uvenlle Leptosynaptavand :

. amphlpods) werelteStedsin'2¥cm‘deep petri dlsheshfilled withfl
sedlment.'Sedlments in the testvvesselsvwere changed daily,d
Timing beganvwhen'the animal'being tested was‘placed“on”the»'
lsedlment surface and termlnated as soon as the anlmal |

edlsappeared below the surface.

In thebfleld Dendraster burrowed to a maximum depth of
6. Ocm. The mean depth at whlch sand dollars were: found wasif.a
2. 9+O 2cm. At other locat1ons Dendraster may burrow more: ‘
o :deeply Ch1a (1969) reported sand dollars lOcm below the‘d'L
d;sedlment surface at Alkl P01nt, Seattle, Washlngton
| Nlnlty—four of the lOO marked sand dollars were

L'vrecovered w1th1n 2m of the stake. Of these, 69 were w1th1n‘

the 0. 5 m radlus, whlle only two had travelled more than

,l,Sm,,The mean dlstaﬂce travelled by Dendraster in 24 hours

‘~was 42cm. Ten unmarked sand dollars were found w1th1n l Sm'~

c e

»dof the stake, 1nclud1ng four w1th1n the 0. 5 -m radlus.

‘P0531b1y some of these anlmals represented Dendraster wh1ch

R



‘,;xcolored sand from the 5urface cross was well dlStrlbUted

had lgst‘their’marks.
The undlsturbed sand doll%rs moved less than did those-

,whlch had been placed near the stake. The overall average of

'the minimum dlstances that all of the observed anlmals were'

.
i

assumed to have moved wes l4cm/day. The‘average dlstances

o -

calculated for éach plot on - each day are summarlzed in Table

| ";14. Whlle some of the Dendraster ﬁravelled at least 0.5m:

between low tldes, one 1nd1v1dual appeared not to have moved

'_1n 24 hours, and one d1d not move durlng the ent1re

Cw T Y S
o

three -day study ﬁa.:“ ,?L$71u; SR w-z'-" Ty

Slnce the former method overestlmabes the rate of*sand

dollar movement whlle the 1atter method undere&tlmates it,

the actual average rate of Dendraster movement must fall
_between 14 and 42cm/day. B T .
Sedlment turnover by sand dollars appeared s1m11ar 1n

S

Zthe two experlments. Wlthln 12 hours of the beglnnlng Of the,,":
T‘h"_flrst experlment w1th 12 sand dollars, the whlte strlpe had?'
hdi:(COmpletely dlsappeared énd gralns of,whlte sand were |
fdistrlbuted over the entrre surface of the aquaflﬁm- Wlthl“:;
'1f;72 hours, green sand gralns (from 2cm deep) appeared at the?'

qif]usgélment surface and durlng the next day were dlstrlbuted

e

'Vftoward the ends of the aquarlum. Colored sand from 4cm and

gGCm never reached the surface, and these deeper str1pes;j-‘

7

~ldappeared undlsturbed W1th1n twenty—four hours of the

:’

'anltlatlon of the second experlment Wlth f1ve sand dollars,]-‘

i
J

N A s

A &

90

facross the sedlment surface. At 60 hours, colored sand from],'

<



Table 17.. Means and: standard errors of the mlnlmum e

‘ distances moved-by False Bay sand dollars on
three successive days. .Values:are given in
~.centimeters. Sample 51zes are recorded in-

: parentheses.- o e o - oo

©Plot'l . 13+4-(18) < 13+3 (16 ,__12+2 (20)

',;plotni L v{15i4'(llf;*"f? 24is,¢11)“‘“ff 15+4 (5)

' ’plot 3. 12%377(8) . . 10#3 (§) . 2246 (6)

. Plot . _.fifr1352j(i4);?‘_r"1313;(izj,ff 1142 (13).
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/

o/
” apparently dwell deep enough to av01d sand dollars."

i

- : \ e
LAV . von . . -
' ' [ - o

“

the 2- -cm 1evel had reached the surfape. By thls time the
RS

A" /‘

sand" ddllars had’aggregated in one corner of the aquarlum/ T

where they remalned for the. duratlon of the experlment.

After 7, days, the 2- cm layer of colored sand had been

Ty ' - B

| 'obllterated in the area where the: Dendraster were aggregated

[

. but remalned v151ble in the rest of , the aquarlum. Colored
sand from 4cm had/been brought up to, the 2—cm 1ayer and N

surface sand had been carried down to 2cm in" the immediate

o
\

area of ‘the sand dollars._
Although sand dollars apparently burrow somewhat more

deeply in the f1e1d thad in the laboratory, the observatlons
/

descrlbed here suggest that Dendraster L5 capable of turnlng

N

“over at least the top two and probably the top 4cm of

/ . . W
sedlment . ; . ‘ '

The depth dlstrlbutlons of 11 1nfaunal species are

c?mpared w1th the mean. and maleUW.ﬁrHLh“ of dist rlbutlon of

Dendraster 1n Flgure 8. Only two of the polychaetes

F1gure 9 shows the burrow1ng rates of the 1nfauna

tested Male and female Leptochella are represented,f

- separately, as thelr methods of %urrow1ng are dlfferent

)
Females burrow rapldly, head flrst, and apparently bu11d

thelr tubes after they have dlsappeared below the sedlment ,l"

14

surface, Males move 1nto the sedlment tall flrst, plcklng up f@

:1:sand gralns w1th thelr chelae and bulldlng tubes around

themseres as they burrow.

N B

The larger, deeper dwelllng specles are: gengrally th

-

: G



°

Figure 8;'fDepth dlstrlbutlons (by percentage of the:

' . pepulation) of benthlc o) ganlsms from
© 7. " False Bay. Lines repres@t the mean and max1mum
L g depths At which sand dollars are buried on" -
R a ‘summer low tlde. : o :

v

o,
-
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Figure 9. Burrowing rates of benthic fauna. Valdes
presented are means and 95% confidence
limits of times required for animals to
disappear below the sediment surface.
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, diamond-shaped pores, qu at_their greatest. dimension

97

b

slowest burrowers; Transennella burrows rapldly @née it

extends its foot and begins to probe the sedlment, but these

clams apparently were disturbed by handl;ng and remained

closed for up to an hour after they were placed in the test

vessels,

o
~

C. Faunal Menipulations

Methods and Materials

Densities and distributions of sand dollars were

'_manipulated by confining-or excluding the animals with

cages. The same cage designsJ_sampling ﬁrocedures and

- statlstlcal treatments of the results were used through most

of the experiments. Any rlatlons from the general
P e

procedures outlined here w111 ‘be noted when the experiments

:1n which they occur are described.

Cages were constructed either of aluminum mesh with

(1975-76 experiments), or of half-inch hardward cloth

(preliminary and 1977 experiments)., All cages were topless,
w N LY N . g " .

.50cm on a side by 20cm high. They were»sunk into the

‘sediment to‘a depth of 10cm and-secufed‘withIStakes at

dlagonally opp051te ‘corners.

Experlments were run for a max1mum-of 2 months, ‘since
it proved 1mp0551ble to keep cages intact for longer than
this perlod. | |

' Infaunal samples, unless otherwise stated, were.

)
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collected to a depth of l0cm with a 0.01-n2 corer. Samples
were taken at.least 8cm from the sides of cages to avoid
edge effects. They were preserved and sorted as described in

Chapter II.

/S Results of cag1ng.exper1ments were assessed using
analysis- of variance, folloWed when warrantedeby |
significant treatment effects, by StUdent;NeQman—Keuls

" multiple range tests-(Snedecor“and Codhran 1967). When

Bartlett's tests revealed 51gn1f1cant dev1atlons from

s
- N

normallty, the data were transformed using 1n(x+l)

%‘ ‘ Preliminary Experiment, False Bay
& e s L Lo
. In August, 1974, the infauna of the False Bay sand
ﬂdollar bed (near station_z) and'of a Dendraster—ftggﬁarea

(near stations 6 and 7) were sampled with three circular

- cores, 40cm? ¥ 1gem deep, taken randomly at each locatlon.

/The samples were flxed in 10% formalln and stained with rose:

. .’ . \
o - bengal and eosin Y for atheast_three hours before washing.
‘ L and.wsortin’g. o - : B S .
,\. . M P ) N ' N .
- o : Two cages were erected in the Dendraster -free area.’

Slxteen adult sand dollars'(the,maxlmum de951ty‘measured in
the bed) were-placed.ln one of the cages, whrleﬂthe'second-\t

,cage served as a control After six days the 1nfauna of the
cages were sampled w1th three 40 cm2 cores as‘preyloqsly,.'
‘ . ) . : : Y — .
descrlbed

A\llst of the most common 1nfauna1 spec1es encountered'

" with their mean den51t1es 1n the presence ‘and absence of

o
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g\ Y
Dendraster is illustrated in Table 8. " '

One way analyses of varlance followed by mult1ple range

tests 1nd1cate that Leptosynapta, Transennella and Splonld

lpolychaetes are reduced in both the Dendraster bed and in

s

the experimental cage as compared with the Qendraster-free

area and the control cage.a

False Bay Exgerlmentsf 1975 1976

In the sprlng and summer’(Aprll August) oﬁ 1975 and

1976, I conducted a ser1e§’of Dendraster- transfer and

| exclusion experlments. All experiments 1nc1uded cages.with
sand dollars (the test cages for transfer and congﬁols for.:
“exclusion experlments) empty cages (the test cages for
exclusxon and controls for transfer experlments), and'
cage-free control plots. 'In most cases, the - sand dollar"

'cages conta1ned three Dendraster ‘each, the average

number/O 25m2, based on the populatlon den51t1es at statlons

':l; 2 and 3 (Table 7). A max1mum of 51x Dendraster/cage was

3

ﬁused in one experlment
= These experlments (whose results are summar1zed in
_Appendlces 1- 5) falled to reproduce the results of the

prellmlnary study. Populatlon dens1t1es of Transennella and
.the Splonld pogychaetes were not reduced in the presence of .

.

-Dendraster. The effects of sand dollars on Leptosynapta were

lncon81stent. All experlments showed strong caglng effects.’

T

Numbers of Leptosynapta, Transennella,\Cumella and

/

'Anxsogammarus were 51gn1chant1y reduced tn cages compared

. R T . RPN

oo .

|



Table-18. °

Populatlon densitles of domlnant 1nfauna
;encountered in the prellmlnary exper1ment
_ at False Bay. Values represent means-and
'~ . standard errors of three. rep11Cate_v-

' 40cm2 X 10cm cores.

[

“Dendrasterg»

Dendrastef¥

Dehdrastér

Species _ Bed

‘Free Area
) RN

ACage,

'Contr
"Q Cage

?l

‘ »Leptdgynapta

. Transennella 0

, Pafaghoxu§

spp. - 150.0#17.9 -

Anié¢gﬁhmaru5'§érj+l2'7—

‘Synéhelidium':13 7+ 4 4

 cumella f°.52 7+ 8 7

" Leptdché1ia>A;
_ Nebalia .
_Eu'sxl;l«i’s'> o

,Lumbrlnerls T l 3+ O 3

"fSplonldae spp 'JOf

' OnuEhls 0 3+ O 3

'UNemertOPSis', ‘f O7

ofli}0-3
‘?p.7iwi3;'

7~1J3%'o;7f

937 4.4~ 36.75 3.8

12,0+ 3.5

R
365.7+39.9

‘<35,oi13.6f

7
y

_1¥7+30.7}'
103.3+13.1 1

‘"=.p;1'.Qlfﬂff;f'

l 0+ 0. 6

14 3+ 2. 3"
1. o+ 1, o!j

5 0+ 1. 0.

’.q;oiil,s

15. 7+ 5 2.

5. 3+ 1. 9

f5§3i‘i;4.]f

@

Zv":ﬁk v v. Yo
SiE E
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@
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”il: ’ w1th cage free control plots, whlle Pontogenela were more

. .~ ¢

' ‘. . » b
. ;.numerous un cages than 1n controls.j~' T ke .
K B N ! ‘ \" ' Lt . : @ N . ' i .. . .. ‘ ' A A’ e
e ,;h s - o e |
a2, 0t o - o § . L L . . . » ‘ . , . . ' , . . . ’.
* . ' . " . @‘ ) ' A't.l” . : ‘ < T ! ) . ‘ < * l
False Bay Eiperlments, 1977 e e ﬂ -."; : Y
L a » .- '~“ 5 .

f;«‘}c'}i ,f The results of the 1075 1976 exper1ments suggested that

v sand dollars mlght.have no 51gn1f1cant effects at the low vf*
T den51t1es used “Eﬁ least over the short term ofhthese bhiugﬁ
- ﬁ{i'izexperrments._Alternatlvely, 51nce Dendraster«habltually |
- v:aggregate the effects of . low den51t1es of- the echlnoldsik
o ;Imlght be 11m1ted to.a‘portlon of~a cage ahd appear only as ,;
o 3- hlgh w1th1n cage.warlahce; grfdvf:t;'g:é;;é‘ _f'v_:;iﬁ;ju..k
An eXper1ment was therefore de51gned to test the : :
: , e : Ce 5
jgjeffects of 1ncrea51ng den51t1es ‘of sand dollars on. 1nfaunal '
hﬁ“o:populatlons élxmden51t1es of sand dollars (0, 12,,24, 48;t”’
. .}iand 96van1mals/0!25m2) were caged 1n a- tanard hed‘near. ;3ag3‘ff

o ﬁfstatlonn7

'blocks. Sln e b{ had proved 1mp0551ble to ellmlnate caglng

\A‘

s

jhttf;ef?ects, the 1mpact of cages was held constant, and the

-;populatlon den51t1es of 1nfaunal spec1es cagéd w1th

g e

lr_i,i‘7w1thout Dendraster.‘The cages remalned 1n place for two we;“?'“]

weeks 1n July, then four lOO cm2 cores were taken from each

{.i*;cage,,and the 1nfauna were 1dent1f1ed and enumerated.f' ‘
S S ’:_Populatlon den51t1es of spec1es among treatments were

v

'A'f'number of Dendraster as the covarlate; The relatlon of

Voo %

et 1ncreas1ng den51t1es of Dendraster_to;the yarlanceﬁof' S

¥ T . : . ; Sl . o

compared w1th analyses of varlance and covarlance, u51ng thei

”;Dendraster were compared w1th thelr den51tqes 1n cages AR

T

A

;\\e 5); The experlment was repllcated 1n flve '5vv‘5‘ E

SN
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'infauna1~densities was tested with regression and

correlatlonégnalyses. s ’ _ \
e i i ) Co .

Mot of the‘dominant‘ﬁaISe Bay'infaunal Species'weréi‘

: ‘'

4h"var1ance revealed~51gn1f1cant effects on all spec1es tested

) ' N ,,/-—- = ..
vy

. except" the deep burrow1ng polychaete Lumbrlnerls zonata

L - '\?

’ﬂf(Table 19) Analy51s of covarlance produced 51gn1f1cant .ff

3l

”iregre551ons of Transennella, Paraphoxus, Leptochella,
)'fsplonlds and~alL tube bullders on sand dollar-den51t1es,nd.

'l;(Flgures 10, 114 ; }i 1nd1cat1ng dlrect respon51veness of

"53_these spec1e§ to numherswof Dendraster..The den51ty of

':The responses of Leptosynapta and Cumella showed nofrh'

'fPontogenela was. 51gn1f1cant1y reduced only 1n the presence

s

of 96 Dendraster, whlle the numbers of Synchelldlum and

*‘ . RN \

-

“ilnterpretable patterns.

If at l%w den51t1es sand dollars aggregated 1n oner’”:

'

:_sectlon of a cage and d1d not move enough to affect the

.

‘yvffwhole area, the1r effect should have been patchy and should

;'thave 1ncreased the varlance of the 1nfauna1 counts. ngher

[ - RN

v,(,\ S :

,fharea, produc1ng a more even effect, and the varlance should
"f haxe decreased Thus, the plot of varlance agalnst

vh}Dendraster den51ty should have produced a unlmodal curve

2. »

”‘w1th a maxlmum at. relatlvely low den51t1es. However,_thls__t

s

‘ !

'ﬁv;affected by varylng den51t1es of Dendraster. Ana1y51s of f\l\\

HEUSXlllS peaked at 1ntermed1ate den51t1es of sand dollars.‘ili

&

;den51t1es of sand dollars would have covered the entlre cage f'{

-

',pattern was not observed The relatlon .of the varlance 1n ffoZ_,

‘-rtanald counts to. the den51ty of sand dollars‘(Frgurellagyl%sgral
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vFigure_lO.,,The relatlonshlp between the populatlon
7. . -+ ‘deénsities of:Transennella tantilla and
.. . . Dendraster; ‘based on the 1977 transfer . . B
‘... - experiment. P01nts plotted are means 1n flve_
'repllcate cages.'
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igure 11

N

.','vThe relatlonshlp between ‘the populatlon
densities of Paraghoxus spp. and Dendraster
‘based on. the 1977 transfer experlment.

'Points plotted are ‘means 1n
',flve repllcate cages.
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Figure' 12. 'The relationship between the -population
f ~  densities of tube-building species and -

‘Dendraster, based on the 1977 transfer '
experimént. Points plotted are means in five
replicate cages. ~  » o :

| @All tube builders

@ Leptochelia = ¢
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Figure 13. The relationship between the variance in the
population densities of Leptochelia savignyi
and Dendraster.
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tYpical of the pattern observed for most species. The curve
shows no increasing phase; rather, the variance decreases
steadily (ahd is significantly correlat;d with) increasing
densities of sand dollars. Sincetthe mean'denslty of tanaids
‘is decreasing at the same time (Figure 12), this.relation is
probably due to the correlatlon between mean and varlance |
which .is a statlstlcal phenomenon of the contaglous
distribution ofythese animals. When the. tanaid countskare

- log- tnansﬁffmed to. remove the correlation between mean~and
variance, the correlatlon between variance and the den51ty (;

of sand dollars also dlsappears, ‘but no unlmodal curve is ’_‘\)'.

produced tRigure 13b). Even at *~1es, Dendraster

mustybe affecting the entire c:ge. N,

. , \\"AT«_.,/
~Partit10n1ng the Effects of Dendggster
‘ Sand dollars may reduoé the den51t1es of 1nfauna e1ther
/ Y .

by occupylng space and maklng access to t e. surface

S

,unava1lable to other anlmals,‘or by dlsturblng the sedlments

and maklng 1t dlfflcult for other spec es to malntaln thelr

7

by wh1ch mechanlsm

positions. In=anaattempt to*determl
Dendraster exert. thelr effect /T/conducted the follow1ng
-experiment at False-Bay.

Three blocks of four cages were placed 1n the tanald

bed near. stat1on 7, about 10m. from the 51te of the prev1ous

/

!experiment The treatments 1nc1uded empty control cages,
cages contalnlng 48 11ve Dendraster, cages contalnlng 48
cleaned Dendraster tests, nd empty cages. whlch were

< : i€
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disturbed by. hand. The‘experiment remained in place(for'two.
weeks. Once a day during the flrst“week, when the low'tide
exposed the cages, the "disturbed" cages were stirred by
. hand tosdepth of approximately 10cm to simulate sand |
dollar burrowlng, Since ﬁhe tides,of the second week were
not low enoughvto expose:the cages, the ldisturbed“
treatments were not stirred. Onhthe fourteenth day,{three
’samplesiwere taken from each gage. |

This experimenf falled to"separate a spatial effect
from a dlsturbance effect of Dendraster on ‘most spec1es
(Table 20) The dens1t1es of all tube‘bullders, w1th‘spec1es
both pooled and. cons1dered separately, and of Cumella and

Pontogenela were lower in cages with live sand dollars than

in any othervtreatment but thelr numbers were. notl

el

A51gn1f1cantly dlfferent in e1ther of the other cages thanfin‘f

'fthe controls. Paraphoxus splnosus, Lumbrlnerls and :'
S .
- Ax1othella ‘were not detectlbly affected by any treatment.'

£Synche11d1um populat1ons«1ncreased 1n both the "dlsturbed"

‘1,and llve sand dollar cages, but the "dlsturbed" treatment

_-was not251gn1f1cantly dlfferent frpm erther‘the¢sand'dollar“»
. or the control treatments.'

Some separatlon of the type of effect on Leptosynapta'

and Transennella was observed These spec1es were"
'

51gn1f1cantly reduced in. the presence of both llve sand

;dollars and cleaned tests, ‘but not in the "dlsturbed" cages.

aFor Transennella, but not for Leptosynapta, the "test"

effect was 51gn1f1cantly dlfferent from either the llve sand

’
-y
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7dollar or the: "dasturbed" treatment. This result suggests
that Dendraster occuples space wh1ch mlght otherw1se be

1nhab1ted by Leptosynapta or Transennella. However, the‘

Kaddlt)on of the tests 1tself may have created a. dlsturbance/
| . for whlch there.was no control Therefore,lthe "test" effect

could have been,due to dlsturbance rather than occupatlon of
space, although lack of effect 1n the "dlsturbed" cages

suggests_that thlslp0551b111ty rs unllkely,'

s

i:Effect~ovaendraster onoSedlments "7f»‘ - ; e
The effect of Dendraster on. the graln—51ze dlstrlbutlon‘

_ .
_of the sedlment was Studled in the follow1ng manner. Slx

ﬂ_cages were placed between statlons -6 and 7. Three sand

"“'dollars were placed 1n each of two cages and 31x sand |

:dollars each 1n two more cages.vThe rema1n1ng two cages L
'-served as controls.vThese cages were constructed of the
bnlalumlnum mesh w1th dlamond-shaped pbres. After one month

‘lone c1rcular core (4Ocm2 X 10cm) was taken from each cage

"and from each of two cage free control plots The~cores-were o

.subd1v1ded at 2 cm 1ntervals. The sed1ments were drled and
Sleved! R ],ﬁl ‘ _\f ﬁ : . . r

o leferences»lndsediment graln'siiehamongﬁtreatmehtsA
pwere analyzed by sp11t~plot analysesfgf varlance and
studentlzed range tests. The percentage of partlcles greater
»than SOOAm dlameter was - used to’ calculate the statlstlc,:as\i

my prellmlnary observatlons suggested that the presence of

these 1arger gralns was the major d1fference between sand



" (Table 21> r N

I -y ...)"_
53

fdollar bed and sand’ dollar- free sedlments. The percentages_"

'\.

were-transformed.u51ng thegsquaremroot-of,(x+l/2) prlor to o

_",-' o N T e

The addltlon of Dendraster produced al slgnlflcant

{(P<O 05) effect ‘on sedlment gra1n 51ze dlstrlbutlon. The

percentage of part1cles greater than 5004m varled *‘ffr»“

slgnlflcantly w1th both treatment (presence/absence of sand,i?

c,.

5'dollars) and depth The depth X treatment 1nteractlon was

a, O .,\ LR

’also 51gn1f1cant. In general, there was an 1ncrease 1n the':'“

("'

_\percentage of coarser sand gra1ns found at greater depths

s
- Ca

The reason for thlS change~1n gralh 51ze dlstrlbutlon

beenét;ansferred from

is unclear.,Flner partlcles may havi;

"fdeeper sedlments by the sand dollars burrowzng act1v1ty and;y;hlVﬁlmfi

- B e

”[then lost from the sedlment surfa_ea However, 51nce caglng

- alone alters the sedlment’partlcle 51ze dlstrlbutlon in: theu”ﬂ
.'7jsame dlrectlon as the addltlon of sand dollars,(although not}l,t§5»fﬁ,‘
. inslgnlflcantly) the change 1n the sedlments may also bave::flﬂf7'”

“ﬁfbeen effected by alteratlons in current patterns caused by

both cages and sand dollar tests._,.fu" ‘

The 1nteractlons between sand dollars nd infaunawwere;'5

Tobserved on two beaches 1n East Sound Orcas Island (Figure .

14y . The 1nfaunal communlty at Sh1p Bay was Sampled 1n June}*w

&

'1975: and faunal manlpulatlons were conducted there 1n l975fl"‘

’eand 1976.-In July,,l977 'the Buck Bay communlty was sampled

”fOrcas Experlments, 1975 1977 e ’.,”f Pf'-tif’.ﬁ,_f hﬁf;c”,-" “
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~'Figure 14.

“aﬁ Shlp Bay (SB) and Buck Bay (BB)

B .

."‘"’

'Map of East Sound, Orcas Island Washlngton, con

"Showlng the 1ocat10ns of the fleld experlments
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‘con51stently less\frequently 1n samples from the. sa
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L ™

. “

. and expefiments weres.contipued theresthat :summer..

" The Orcas Communitles v‘my, o g
The sand flat at’ Shlp Bay is partktloned among three
‘ ¥

domlnant macrofaunal spec1es, sand dollars‘(400
db,.

predomlnantly adult anlmals/mZ), thectublcolous polychaete

A*Mesochaetopterus taylorl, and the blvalve Tresus capax. The

| .:gf £, - .
: $ r?’, o
wthree spec1es appeared by v1sual 1nspectlon to form discrete

g
patches, although some areas of overlap were observed

2
/I

The t1de flat at Buck Bay is. 51m11arly partlt;oned

between begaraster (462 an1mals/m2, about 50% of. whlch are
g 2 v ’ ’

Mesochaetopterus. There are large patches of -

pled by elther spec1es,.but Q§esus 1s rare 1n :

fauna were sampled w1th f1ve O Ol m2 cores taken

type of patch at each of these 51tes. Slnce'd

deep-d llng fauna were present, these samples were taken B

/ .

As noted 1n Chapter II, tube bulldlng organlsigdjppear
dollar

H-y other samples, but no spec1es appears

:con51stent1y over represented among the Dendraster (Tables

' “22 and 23) However, several spec1es, partlcularly Exogone,u.ﬁ

?1neseawatam

"pcirratulld polychaetes, and P1nn1xa, appear assoc1ated w1th

Mesochaetopterus. when an unflxed sample was. gently washed

to examlne the 11v1ng 1nfauna, I observed that

. Exogone ik he c1rratu11ds attach thelr tubes dlrectly to e e
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Mean den51t1es and standard errors per 0.0lm2
of dominant Ship Bay infauna. - D=Dendraster bed,

‘M=Mesochaetoptérus bed, T=Tresus bed
# 1nd1cates tube bu1lders.

Table 22.

_Species - . ' ] o . ‘D S M _ T R

" Mysella tumida . 0.840.4 < 75.2+ 8.7

'-Lethsynapta clarkll ?"‘,‘,O B :;. 0. 0

N

N Cumella vulgarls

2.240.9 6.0+ 3.6
\\\Plnnléa sp. '7v>:'v 0 12.8+ 5.4 |

Leptochella sav1gny1# - 0.4+0.4

49.4+10.1

" Corophium acheru51cum# 0 7.6+ 6.1

,d_ﬁmpeliSCa°égészzi#Aff :""0“" 1t :.0 R

0.6+0.2" “218 o+2s g

'd7fExogone Sp. # ‘5_ ST 0.640.2 ‘ i  +
. 0.640.4 -

'NéreidaeJéppd#

B Clrratulldae sp #

“'Splonldae spp,#;

-

5 0wen1a fu51formls#

Neghthys caeca

‘Scoloplos anmxger

FEEE

vj'd Glyc1nde polygnatha

Z“Armandla brevxs R

"Medlomas&us capen51s

©0.240.2

',jo;6iogzv

C 7024201

5,04 1.0 b

0.240.2

a

 0.640.2

30 6+

29.0% 6.9

R A

0.4+0.2
1.040.3

. 0,240.2

0.4%0:4

0.6+0.2

S 0.240.2 .

T0.240.2,

41.446.4
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~ Table 23. Mean densities and standard errors per 0.01lm2
“ of dominant Buck Bay infaung. D=Dendraster bed,
M=Mesochaetopterus bed, O=other patches
-# 1ndicates tube builders.

/.

[

SpecTes BTN S

- . . ; B . : ‘ A .

[

. Mysella tumida - 87,0:55.1 123'6i2958<\\i;8i'1‘5

 Leptosynapté clarki | ‘ o _33;0:'1.8' 0

5,04 0.6 10,44 1.7 1.8+ 1.0

»

Cumella VUigaris

P
b

. Leptochelia savignyi# ¢ 2.4+ 1.0 3.4+ 0.5° 0.6+ 0.2

Pinn xévép. 0 12;8i l‘94 0 - &

_ t

- Corophium acherusicumé =~ 0 0.4+ 0.2 2.2+ 2.0

_Ampeliscafégagsizi# ‘ ",j o ° 0.8+ 0.4 33;6i27,i;'

Exogohe sp.# -~ - 0.8+ 0.4° 121.4+49.9 1.8+ 0.6 7
Cirratulidae sp.¢ ., - 0 St 25,041006. - 0. 0,
‘ SpiqnidaeVspp.# : : N 7.8%,3.1 14.6+ 4.4 . ey

P T S AL R SR

I TN - S e e
" 'Owenia fusiformis# . -0 7 2.8+ 0.9 0 6.04.2.1 0

© Nephthys caeca | 0.4% 0.2 1.04 0.3 2.0+ 0.7 ERRRE |

1

| Sépidplos armiger "_  '112:éi 1.1 o -,éuBifégl .

~ Glycinde polygnatha- . ~0.8+70.4 1.6+ 0.4 3.4+01.6 v

ty

"»Arméhaia’bfeyiéﬂ-“'q . 17.8+ 5.8 4.8+.3.2 0.4+ 0.2

Lo

<t



the Mesochaetopterus tubes.

Faunal Manipulations .

.In July, 1975, .a transfer experiment was conducted at

vShip Bay, using the aluminum cages with diamond-shaped

pores. Eight cages were placed on a section of the sand flat

occupied by Mesochaetopterus. Four cages were plaqﬁﬁain\the"

sand dollar bed. The presence of numerous shell fragments

made it impossible to‘sink these sages more than 5cm into
| o -
the sediment. The number of Mesoc¢haetopterus tubes in each

cage was recorded. All sand dollars were removed from the

- cages; then 40 adults were returned to each of the cages -in

the Déndraster bed, and 40 adults each wére placed in four
of the cages in the polychaete bed. Two weeks later, eight

similar cages were plaéed in thé clam bed: The number, of

. Tresus siphons observed in each cage was recorded,~and 40

adult sand dollars wére added to each of four of the qages.
After four weeks_(éix weeks after the beginning of the
polychaete experlment) the sand dollars’ wene ggfoved from

each cage and counted ‘The numbers of MeSOChaetopterus tubes

and Tresus siphons in each cagée were recorded. The changes

in numbers of polychaetes or bivalves with and without’sand

dollars were compared by Student's t-tests.

The number of Mesochaetopterus was significantly

(P<0.05) reduced in the presence of Dendfaster. Tubes
disappeared‘from three of the four céges containing sand

dollars,”while the number of tubes increased in all cages
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P

. ) s
without sand dollars. Apparently Dendraster both prevents
settlement of recruits and adversely affects established
polychgetes. However, rather than indicating reduced numbers

of Mesochaetopterus, the observed differencg could have been

a

due to reduced visibility of tubes, if Pendraster only
caused the' loss of the portions bﬁ the tubes which normally
protfude above the éediment surface. |

None of the other comparisons yielded significant

results, but fewer than the original 40 sand dollars

remained in all cages containing’ Mesochaetopterus and Tresus
(losses ranged from one to 12 animals/cage, except that 20

disappeared from one cage in the Mesochaetopterus bed which

pulled loose, allowing the sand ddllars‘to escape), while

-0

animals were lost. from only one cage in the sand dollar bed.
'Empty tests showing evidence of predation by birds We;e
observed in cages containing clams. Sand dollars did-not

appear buried aS“deeplyDiﬁitheopréSence of bivalves. and

[

polychaetes as they were alone. Thus, there is a suggestion

that sand dollars may be excluded by polychaetes and

bivalves. Lo

In JUne,'l976, an excluQion‘experiﬁentuwas conducted at
Ship Bay. Eight cages wéie placed in the sand dollar bed.
All sand dollars were removed and couhted.»Eighty adults
(thé mean number‘per‘b.Zsz) were returned to each of foﬁr'
cages. Sand dollars were exciuded from the‘remaining cages.

. After eight weeks, one sample (0.02m2 X 15cm) was taken from

)

each cage and from each -of four fandomly—selected uncaged

>
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sites in the sand dollar bed. Semples were preserved and
sorted as previously described, éxceptfthat the animals Qere
stained Qith rose bengal to facilltatehsorting."Differences
in population densities of infadnal organisms were compared
by one-way analyses of variance.‘

Two speciee,»the tubicolous polychaete Owenia
fu51formls and a gastropod Alv1naa sp., which had not
:‘prev1ously been encountered in the Shlp Bay sand dollar bed/
appeared following the removal of Dendraster (Table:24).
Alvinia remained go rare that the difference between the
,exelusion and the remainingfcages was notlstatistiéally-
vsignifiCant, but-tne difference for Owenia Jas‘significant
at the 5% level. No other individual species was

51gn1f1cantly 1ncreased by the removal of sand dollars, but

*dens1t1es of the polychaetes Armandla brevis and Magelona

: . Sp. were 51gn1f1cant1y 1ower 1n all cages-:than in the'

‘

uncaged controls. Most tublcolous species whlch had been

observed in the Mesochaetqpterus bed appeated sov

infrequently'thatitheir numbers were noo analyzed
statistieally; however,“pne pooled counFSiof all,tuBe
bullders (cgust;ceané, polfchaeteéfand(pnotonldS) were
significanfly,higher_ln the Dendrastef—removal'cades-thankin
elthe; of tneother treatments (PG0,0l), Pooledlcodnts of
all motile crnstaceans»(amphioods,fcumaceans,»and crabs) "
 were significantly‘hiéher in the cageS'containing sand -
dollars than in the enptylcages‘ot caoe—freekplots fP<Ol05).

In August, l977, I conducted a Sand_dollar.removal
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T ‘Table 240

126

Treatment,means>(number/O;OZ—mZ sample) from.

the Dendraster-exclusion -experiment at Ship Bay,

Orcas Island. The mean squared errors were based
on one-way analyses of variance. The ANOVA.of
total tube builders was based on 1ln

-transformed

data. (*P<0.05; **P<0.01l) :
- -# indicates tube builders.. ’
. _ " No- Dendraéter,,Empty e : -
'Spec}es ) Cage - "Cage . Cage MSE F(2,9)
~ Mediomastus . e S '
Capensis . . 5.2 5.3 17,0 127.7 1.44
Armandia:brevis‘29.8 575 -\8:0__:«}38.4 9.01%*
Magelona sp.# ~ 7.0 0.8 2.5 28.4 .1.46
Owenia o o ve . ' f
fusiformis# 0.0 0.0 8.0 . 1 12.7 6.74%
Alvinia sp. . 0.0 . 0.0 3.0 3.8 3.18
Total Bivalves 7.0 - 15.0  69.8  4375.4 1.07
e ey el X N 28 |
‘Total Motilé o S
Crustaceans . . 2.0~ 5.2 2.2 2.4 5.48*
Total Tube ' ./ . R ST T
Builders - 1l1.6 3.3 = 14.4 1.3 9.72%*%
7 . . )
P t
4 | .
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experlment at Buck Bay Slnce currents at this 51te caused
rapid. destructlon of the standard cages, the caglng des1gn
of this experlment had to be. alﬁgfed Onlylone lm X 2m cage
was used. It was constructed J% 172" hardware cloth pressed
10¢m 1nto the sedlment and was supported on all 51des w1th
rocks., After elght weeks, 16 samgges (lO X lb X lOcm) were
taken from thlS cage and from an adjacent im X 2m control
plot. I aséumed that the effects of the cage would be in the
'”same dlrectlon, but not necessarlly the same magnltude, as.’
'those produced by the cages of the prev1ous studles.¢

,However,’s1nce there was no: control for caglng effect, the

results of thlS experlment must be con51dered tentatlve.'
J

leferences in 1nfauna1 den51t1es between the removal \

'cage and control plot were compared us1ng t- tests. The_':

'tublcolous amphlpod Ampellsca aga55121, and the polychaetes,,

S |
.. “Owenia, Nephthys caeca and Glyc1nde polygnatha were all B

|
‘Slgnlflcantly (P<0 OS) more numerous in the sand dollar

sremoval cage than in . the control plot (Table 25) The ?,“

vden51ty of Armandla brev1s was lower 1n ‘the. removal than 1n

IS

\ !

;the control plot, but based on the results of the experlment,Qh

. I
'v_at Shlpoay,_thls dlfferencevmayvbe a,caglngteffectgrather

'thanla positiVe aSsociation between>Armandia-Jnd»Dendraster.
Nelther ng pooled total of tube builders ‘hor of motlle
crustaceans was s1gn1f1cantly different An the twq |

treatments.

N

The variance in the total number of tube builders was

extremely highrbecause some!of.the control samples containeda



Table 25 Treatment means and standard errors from the
' ,Dendraster -ex¢culsion experlment at Buck Bay, Orc

' Species

Island. Values represent numbers of

animals/0.0lm2 sample.. (*P<0:05, **P<0. 0L
# 1nd1cates tube bullders. '
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- Exclusion

. Control

.:Ampelisca-ggassizi# e T

! waenla fu51formls#

’fYPlatynerels blcanallculata#

"'Medlomastus capen51s .

ejNephthys caeca ‘,:

",Scoloplos armlger'

fClyc1nde Eplygnatha‘w

”Armandla brev1s'”‘

B Total Tube Bu11ders

 _Tube Bu1lders except

'Total Motlle Crustaceans‘

b

Platynerels SR

- .Total- Blvalves

'»o,éioeﬁl”
”i€7idei'
Lies0.s
f\:éf7i0;6; |
f3§9¢¢.§'f
"Q;éio}éijj

.

2.940.4.
L.1so. 3.

11 1+2 0
'9;211,5 .
6.940.9

8.5+3.2 =

S

0.1+ 0, 1];‘;

0. 2+ 0. 1' "

19 l+lO 8

'_ez 1+ 0. 6
1. o+ 0.3
h‘1 8+ 0. 4”

1.4+ 054;
 j17j9i 3,s,e

31.7+14.8

) g

12.6% 5.1
8.3+ 1 1

38.1+22. 8"vf‘

4.07%%

.04

4;82#*va_

el:38 
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large sheets of ulv01d algae to wh1ch were attached the

tubes of Platynerels b1can111culata. Ten or more worms mlght‘

be attached to a 51ng1e sheet (about~lOOcm2)‘of algae, and

there were as many as 142 Platynerels per sample.>Sp1on1d

epolychaetes and the amphlpods Corophlum\acheru51cum and

'Photls brev1pes were also present on the algae, and 1n ‘some-

-~

"cases thelr tubes appeared attached dlrectly to- the nereld

'tubes. Not all samples wh1ch conta1ned algae had hlgh R

riden51t1es of Platynerels, but the tube bullders were absentt

v~5from samples whlch lacked algae..These organlsms,bthen, do
-not represent part of the sand dollar bed fauna but must be-

‘”:con51dered acc1dentals whlch were carrled there w1th the”a7~hq’

R AR

};drlft algae..-L

buxDlscuss1on\ 8 ‘
~ The: depth at wh1ch an organlsm llves determlnes 1ts

vr,susceptlblllty to surface dlsturbance agents. Spec1es whlch
:_11ve near the sedlment surface are most suscept1ble to ‘
hpredatlon by crabs and flsh, whlle those wh1ch dwell deep in
1the sedlment or whlch can retract qu1ckly are least affectedl
(Vlrnsteln 1977) Anlmals whose tubes lle at deﬁths of
ﬂsedlment dlsturbed by blue crabs and horseshoe crabs
fsuccumb, wh11e those whose tubes penetrate more deeply

*:escape thls source of mortallty (Woodin l978)

1 have demonstrated that sand dollars dlsturb the'

'f”sedlments. In the laboratory, the1r burrow1ng can turn over
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‘at ieast the upper 4cm of sand, but in the fleld they affect'i

'the graln 51ze dlstrlbut1on of the sedlment to a depth of
lOcm (Table 21). ThlS actlon should affect anlmals 11v1ng 1n

'*at‘least the upper few centlmeters of sed1ment -

\hThe behav1or of an organlsm should 1nfluence‘the way 1t

o‘responds to sand dollars. A speC1es whlch 1s SlOW’tO

ep;reburrow should suffer more severely 1f overturned than"

'would a rapld burrower._Tube bu11ders, whlch must repalr
edamaged tubes, should suffer from dlsturbance even thoughQ“

"'they mlght reburrow qu1ckly On th@ other hand,‘motlle '

lbcrustapeans, partlcularly eplfaunal specles,hmlght not only

| ‘re51st dlsturbance by Dendraster but m1ght respond

"7f>pos1t1vely to sand dollars by tak1ng refuge among them.

. Most of the spec1es commonly encountered at FaISe Bay
1fre51de pr1mar11y‘or exclu51vely 1n the upper 3cm of sed1mentu‘1

‘;(Flgure 8): Leptosxnapta, Transennella and Leptochella'5:”

P TS

:‘*(Partlcularly the males) are also relatlvely SlOW t°’v"“

"lreburrow (Flgure 9){ These spec1es, w1th the splonlds whlch
-must rebulld thelr tubes after burrow1ng, should suffer most,.‘

o

Qseverely from bloturbatlon.'. 1, ’ Vpﬂ‘lf,- 'f: -

-As predlcted, the den51t1es of Transennella,

Y

Leptochella and the splonlds, as well ‘as the combined totals-,f‘

"~ of all tublcolous spec1es, declined w1th the addltlon of/pb

R

1ncrea51ng den51ties of sand dollars (Table 19). The/deeper

| burrow1ng Lumbrlnerls and. Eusyllls° d1d not respond f\'

_negatlvely to Dendraster.-

Removal of Dendraster from the two Orcas ;sland 51tes

»>o
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v“_after exclu51on of Sand d 1lars.ff

-Ay 111 su1ted to coexlstlng

; K

‘_Owenla appears partlcula

'}w1th Dendraster. I was unable to 1nduce any of these

Lol

‘~polychaetes to abandon thelr tubes.,They attempted to"‘

‘reburrow whlle stlll 1n the tubes but zmalned half-exposed

('nat the sedlment surface after lQ hours.;Although the adults(

"of thlS spec1es may be 1arge enough to penetrate the

'sedlment below ‘the 1nfluence of Dendraster, juvenlles whlchf '

Vf_meSt”llve neareﬂ th‘

sedlment surface should not be able tod‘

.,,_,

3hestabllsh themselveS'ln sand dollar beds.,Indeed Owenla d1d

:(not occur 1n eltheriprcas Island sand dollar bed (Tables 22

and 23)__and w1th the e‘veptlon of one 1nd1v1dual at Buck ’h;ﬁf
i‘bBay,vall the Owenla wh1ch appeared follow1ng the removals of,j,@

';Dendraster at both 51tes were ]uvenlles.[j-“

. S )
In general ,the responses of 1nd1v1dual %pec1es to the

. ’ o : t . ;,-‘ ; :
'f5add1tlon or removal of Dendraster were con51stnet w1th thelr

observed dlstrlbutlons 1n¢the Pac1fic Northwest (Chapter}§?~

II),Vas well as 1n  False. Bay (Chapter III) Transennella,

:Leptochella, Malacoceros, Ampellsca and Glzc1nde, whlch were i
«less numerous 1n51de than out51de the sand dollar beds,v
B responded negatlvely to Dendraster (Tables 19, 20, 25)

Cumella and Leptosynagta, whose dlstrlbutlons in False Bay

”*ifapparently were‘affeoted‘less,by'sand dollars than by other,

-t v



Undescribed factors((Table ll), responded 1ncon51stently to |
. »the addltlon of Dendraster (Tables 19 and 20). tfl-h;a_» V’:d/
Increases in populatlons of spec1es followlng the - |
fremoval of:Dendraster Were no doubtsdetermlned not onlyrby’
:the organiSms _1n1t1al 1ncompatab111ty w1th sand dollars but’
also by ‘the. ava11ab111ty of" recfu1ts; Opportunlstlc spec1esf{ 'iz\'
o g

w1th hlgh recru1tment rates and many reproduct1ons a year, .

are usually the flrst to colonlze any newly opened anCh.

Owen1a fu51formls and Ampel1sca abdlta are among the.V‘
#

opportunlsts whlch McCall (1977) l1sts as’ settllng 1n

defaunated mud placed 1n Long Island Sound O fu51formls

.....

"i,and a- dlfferent spec1es of émpellsca,»A ga55121, appeared fhh
’ - -

follow1ng the removal of sand dollars at Orcas. j*

The response of motlle crustaceans to Dendraster was'k e

N '
“»not'consrstent At False Baﬁ’Synchelldlum 1ncreased at

,1ntermed1ate den51t1es of sand dollars (Table 19); At Shlp

= Béy the total number of motlle crustaceans, 1nc1ud1ng Crabs,"7
amphlpods and cumaceans was hlgher 1n cages conta1n1ng sandn;o‘ﬁj;,”
. dollars than in empty cages (Table 24)r However, ?he 1§Ft8tk5’*ﬁ
.result was not repeated at: Buck Bay (Table 25) and“".lv K

o populatlons of two False Bay amphlpods, Paraphoxus and

Pontogenexa, decreased at’ h1gh den51t1es of Dendraster L

(Table 19) Slnce numbers of Synchelldlum also 1ncreased 1n'

hand dlsturbed cages (Table 20) 'thls spec1es may have been

'respond1ng to changes in sedzment stab111ty or to the

e

: removal of a compet1tor rather than respondlng dlrectly to.

?

‘fsand dollars,%‘“'”T o .2d;"””’""

[ 4
.
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ypes of Interactlons of Sand Dollars w1th Infauna,”ﬁ

Sand dollars dlffer from other organlsms whlch dlsturb

the sedlments 1n an 1mportant way. The rays, moon snalls,

;flsh blue crabs and horseshoe crabs whose effects have been

’reported (Orth l977 W1ltse l977, Vlrnstein 1977, WOodln

e

‘7:1978) are.. all eplfauna whlch%pass through an area cau51ng

4

tran51tory dlsruption.;although sand dollars are capable of

@-

Vtravelll&g at least O 5m 1n 24 hours, left undlsturbed they

'y

“ff,years.,Thus, Dendraster more-or-less permanently occupy
L Space 1n the sev

l‘rather than s1mpl_

:3jreduced by the addltlon of empty tests as well as by llve

“not’ bu1ld tubes an llve sand dollars.‘ﬂbﬁj

e =

B e‘;(

,Qfmay move only a few centlmeters in several days,*and a sand

v

n:fdollar bed may per51st @n the same %ortlon of a. beaeh for’

{}J x.,g ’ <.1: Vel ’ . £

‘me nt and may compete w1th the 1nfauna

dlsrupt1ng themryn

The occupatlonhofgspace by sand dollars may have

'ézjlmportant consequences for7at least some of the 1nfauna.

{’Numbers of Leptosynapta andfTransennella were 51gn1f1cant1y

r

v”ﬁ-Dendraster (Table 20) ransennella and newly recru1ted

e } -
'Leptosynapta are conflned to. the upper 2cm of sedlment where

D

they may be outd@%mpeted for p051tlon by a dense populat1on

‘of sand dollars. Although tube bu1lders falled to respond

slgnlflcantly to the empty tests, they may not be able to

2 b

V__compete successfully for space w1th Dendraster. Leptochella

'-fbullt the1r tubes on. top of the empty tests, bututheyicould .

tIn one of the experlmentS\at Shlp Bay, Mesochaetopterus

: den51t1es apparently decreased follow1ng the add1t1on of :

X

g



s

r;hand%stir

'.VirnStein

:u'able to recover q,f

lifyfthe 1nfauna both by dlsruptlng the sed1ments and b?

“f“occupylng space.ffj"
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'_e the tubes of. these polychaetes penetrate

'o_the sedlments to be overturned by

some ot nner, perhaps by overlylng the openlngs of

!

‘ theirbté *and denylng them access to the sedlment surface.,

-1sturbance d1d not 51gn1f1cantly reduce infaunal

populati although the numbers of most. spec1es 1n the .

cages were lower than in the control cages.

-

977) 51m11ar1y noted that hand dlsturbance had :

'llttle effect on most 1nfauna and suggested that foraglng by

crabs mlght

51mulate, my hand stlrrlng was a tran51tory rather

<~

‘than burrow1ng by sand dollars. Further, the populat1ons 1n
,; .

Afthe dlsturbed cages had a week to recover before they werevd
usampled Spec1es adapted to 11fe on a sand beach where the"

M»fisedlment 1s regularly dlsturbed by wave actlon, should be

The resultS;' 'e hand dlsturbed and empty test

o treatments were 1ntermed1ate between the effects of 11ve

o

:f-sand dollars aad control cages,:and only the 11ve Dendraster

he sand dollars must have affected the worms 1nv

more severe dlsruptlon than he was: able to‘,;'A

c'ly from mlld tran51tory dlsturbances. f”"

N

;-;had a stat1st1cally 51gn1f1cant effect on the den51t1es of

¥ @

lf'most spec1es. These results suggest that sand dollars affect f .

It 1s also p0551b1e that sand dollars may exclude some

”' \
.”spedles by a. method not 1nvestlgated here, perhaps by

_ :than a continuous dlsturbance,- 1t may have been less seve S
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consumlng larvae or ]uvenlles. Timko (1975) found that
,Dendraster w111 accept a w1de range of food 1tems, 1nc1ud1ng

?B,brlne shrlmp and thelr own (Dendraster) larvae, but she d1d

not report elther larvae or. juVenlles of be

/nfhlc /) /

. ;nvertebrates as components of sand dollar gut contents

i

Ch;a'(1969) included “limbs of small crustaceans ,.among
Dendraster's gut-Contents, but*did not”report the.proportion‘h

..they comprlsgd. I looked at the gut contents of 51x |

.Dendraster ‘each from False Bay and Buck Bay and could not

C

flnd e1ther larvae or, apart from one nematode, fragments of
. , . : :

‘benthlc 1nvertebrates.

: Thus, Dendraster should be con31dered a superlor

' competltor for spape 1n the 1ntert1da1, rather than a‘;

[

predator or a tran51tory dlsturbance agent 51m11ar to

- N

”::7W11tse s (1977) Pollnlces or WOOdln s (1978) leulus and

T
A ﬂ:«
. RS

: Calllnectes.;d.f”r i

O
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1%ﬁ bf ~l»‘ V.'General Dlscu551on R

A rlgorous def1n1tlon of a communlty 1s 1m90551b1e

1'to prov1de (Mllls 1969) %ather, mar1ne eCOlog1sts are
,beglnn1ng to v1ew the commun1ty as a spatlal and temporal
mosalc (Johnson l970, Lev1n and Pélne 1974) n whlth part of
ithe communlty undergoes perturbatlon w1thout any 1mmed1ate :
effect on the surroundlng areas . Thus, patches are formed,_

creatlng env1ronmental heterogenelty and 1nterrupt1ng o }

Fnatural succe551onal sequences. In such commun1t1es ,
‘- K]

iopportunlstlc spec1es, thCh would be excluded by a domlnant,f

.

vaspatlal competltor, ‘are able to per51st ‘

"Some authors have attempted to model thlS type of "
!'fcommunlty Lev1n and Pa1he 41974) have predlcted rates of
"-patch formatlon and closure. wOodln and Yorke (1975) have“
J_empha51zed the per51stence of spec1es, descrlblng a’ system

'1n whlch dlfferent organlsms occupy large patches, from
: - ‘p." : @

P 2R

‘vywhlch nelther can ev1ct the other in the absence of
'“*dlsturbance, but one spec1es can 1nvade\and grow {£

1ntroduced to an unoccupled patch ThlS type of c@ﬁhunlty

:.a, .

- cannot perSlSt w1thout perturbatlon."
The False Bay and Orcas Island communltles, as well as
'the sandy beaches ln Washlngton and Brltlsh Columbla whlch It

:#;have 1nvest1gated, are characterlzed by patchlness. Sand

»dollar beds, of course, re patches. Tube bullders are also y{,

.patchlly d15tr1bute¥ and there are areas of sand not

'a,occupled by elther Dendraster or tube mats.,f
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Both the qbsérvational-and experimental evidence
presented here indicate tHat tube builders and their
associated fauna occur in reducéd numbers in sand dollar

beds. The tubicolous crustaceans Corophlum spp., Eelisca

agassizi and Leptochella savignyi, the spionid polychaete

Mglacocer05~arenicola, and the bivalve Transennella

tantilla, as well as the total number of tube builders, were
all significantly (P<D.05) less numerous inside than outside
the sand dollar beds on the ten beaches sampled (Chapter

II). Similarly, Leptochelia, Malacoceros fulginosus and

~

Transennella were consistently less abundant inside the

Dendraster bed than at the "outside" stations during the
e ———————————— - . g

two-year: False Bay study (Chapter III). Numbers of

a : .
Transennella, Malacoceros and Leptochelia, as well as the

~ pooled totals of all Eubg builders, decreased significantly

with increasing densities of Dendraster at False Bay, whilé

« t

Ampelisca, the tubicolous polychaete Owenia fusiformis and

the totaiypumbers of tube builders increased éignificantly,
‘follow1ng the removal of sand dollars at the two Orcas
Island 51tes«%Chapter V). ‘ |

' There is aISO some suggestlon that sand’ dollars have

difficulty invading tube mats. The mo;tallty rate of

Dendrasterltransferred to patches of Mesochaet%pterus tubes
- was highef than in;;ﬁe sand dollar bed, and the Dendraster

appeared to have difficUlty burrowing améng the tubes. This
impression is supported by tge eiﬁefihents of Backman |

(1977), who'fbund that Dendraster could not burrow in the
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[

rhizome mat of Zostera marina but could invade areas from
B \

which the eelgraasxhad been removed. Sand dollars may also
be lim%ted by smaller tube builders. Highsmith (1977)

observed that the survival of newly-metamorphosed Dendraster

was significantly reduced by the presence of Leptochelia.

Although adult sand dollars are capable ofzeliﬁinating

Leptochella, apparently recruitment of Dendraster into

tanaid beds is unlikely. Thus, a dynamlc e9u111br1um of the
type descrlbed by Woodin and Yorke (1975)’ may exist between

sand dollars and tube builders. : i

o
o

The presence of tube mats appearé to'be a major -
Structuring force on ﬁhe beaches described in this'studyf
Many authors (Fager 1964, Mills 1967, Rheads and Young 1971,
Young and Rhoads 1971, Woodin 1976) have discussed Ehér
importance of tube builders. in providing habitats for other -
organisms, and this function was observed here.

<

Mesochaetopterus provides a substrate for other tube

bullders and a habitat. for small b1va1ves. Thei;

Leptochella Malacoceros assoc1atlon 1n False Bay also is a

~

Vhabltat for small clams. The Mesochaetopte:us beds- may

function‘more-broadly‘as a refuge from Dendraster or other

sources of disturbance as does blopatra cuprea (Woodina
1978). Several species of small tube builders whlch were not
abundant elsewhere were observed among, but not attached to,

. the Mesochaetopterus tubes. Conversely, abundance of

tubicolous polychaetes reduces numbers of burrowing worms:

(Woodin 1974). Burrowing amphipods are less numerous in the
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tube mats in False Bay than elsewhere

Slnce tube mats prov1de habitats for some spec1es‘wh11e
limiting the dlstrlbutlons‘of~others, the causes_of the1r
patchy distributions are of major importance to the owerall»

structure of the sand beach communlty Disturbance by

burrowing organ1sms 1nclud1ng snails*and crabs (Wlltse 1977
1 .

1

“Woodin l978).and washlng-out due to'turbulance dur1ng storms -
(Mills 1967, Eagle 1973) can create patches in tube mats.
However, tube bullders can re51st or recaver qulckly from
_some types of phy51cal dlsturbance. McGrorty et al. (19760

E\found that although the visible effects of hovercraft on the

sand in their flight path were marked, no spec1es, 1nclud1ng

splonld polychaetes, was 51gn1f1cantly more or Pess abundantl

! i
in the fllght path than in adjacent areas. Slmllarly,_

»Leptochella and Malacoceroswwere not‘affectedvbyrmyfhand
disturbance. | o B

e .~ Sand dollar beds are less 1mportant than tube mats as
structur1ng forces in that they do(not con51stently prov1de
habltats for other organlsms, and there is nothlng wh1ch can

/be recognlzed as a sand dollar bed commun1ty." However, the '

burrowing polychaete Armandla brevis is 51gn1f1cantly'more

numerous in sand dollar. beds (Table 2), -and nﬁmbersbof this
tspecies apparently decreased following the removal of
,Dendraster at Buck Bay (Tablevzs), ln some instances (False
Bay and the experlment at éhip‘Bay, Orcas) motilel

&

crustaceans appear more numerous in associatlon Wlth

Dendraster than elsewhere, although in False Bay the .

3] /
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burrowing amphipods are also more numerous in a slte
characterlzed by wave dlsturbance, where tube bulldersvoccur
in reduced numbers. Since Woodin (1974) has shown that the
numbers of Armandla increase followlng the removal of tube
. builders, the abundance of both thls polychaete and the
False Bay amphlpods may be due to the lack of competlng tube»
'.bu11ders rather than to any positive response to sand
dollars.: 4

The major role of Dendraster in the. 1ntert1da1 sand
'flat?communlty appears to be that of a domlnant competltor,
. whichroccupies space and. dlsturbs the sedlment suff1c1ently

°

. to-ﬁrewent the establ1shment of tube mats and the1r
:Transfer experiments (Tables‘lS'and lé) suggest that
”rsand dollars are also c&%able of functlonlng as dlsturbance-’
.fagents to . open patches in- mats of small tube bu1lders. Such\
'dlsturbance should occur if sand dollar beds shlfted
seasonally, as Morln (personal communlcatlon) obsepved 1n
rsubtldal beds, or when a few sand dollars moved ‘to, areas
e_out51de a bed, as I observed 1n False Bay, or when v |
lnd1v1dual Dendraster were washed out of the bed by waves
.and then returned as thelr tralls on- the sedlment surface

at several 51tes 1nd1cated However, the effect of a few‘

»Dendraster s mov1ng and remalnlng in a new area only brlefly»

vmlght be negllglble, as at least Leptochella and Malacoceros
~ are able to recover qulckly from mlld transitory

udlsturbances.‘
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\

The intertidalysand flats ‘studied' can be characterized
as the temporal mosalcs descrlbed by Johnson (1970), Levih
- and Paine (1974) and Woodin and Yorke (1975)' Mats of‘tube
'builders With thelr assoc1ates are patchlly dlstrihuted in
'»tlme and space. Sand dollars are 1mportant 1n thls system in
that they contrlbute to the patchlness by thelr behav1or of
"Congregatlng in beds and to the extent that they 11m1t the -
d;strlbutlon ot or open patches 1n, mats of tublcolousy

species.

. RS
.
A
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Appendlx 2 Treatment medns (number/0.01-m2 sapple)/of ,{
important False Bay infaunal spec1es’obta1ﬁ@d
in the June, 1975, Dendraster-exclusion
experiment. MSE=mean squares for cages
in the. nested analyses of variance.

(*P<0.05; **pP<0.01) , P ;

No Dendraster Empty

Species ‘ Cage Cage - Cage MSE F(2,3)
Leptosynapta  80.5 .38.8 59.7  65.9 39.52%*
Transennella 2.8 1.7 3.0, 9.6 0.33

Paraphoxus spp. 281.5 243.5  235,8 6288.5  0.57
- hal b \ .

Pontogeneia - 29.2 © 100.7 66 .2 605;0 S 12.68*
Anisogammarus  23.7 3.8 1.7 13.8 ¢ 63.76%*
Cumella 138.2  55.2 70.7  786.1 14.86*
Nebalia 4 1.5 2.3 0.7 0.1. 75.00%% |
~ Leptochelia’ ‘1.0 1.8 - 0.5 0.8 3.50 | ‘
Leptochelia B 22" 7 0.7 A ‘0.7 6.3 0.72
fNemertop51s | 1.3 1.8 1.3 ‘3.8 '5:13
Lumbrineris 2.7 1.3 z.d»_i 2.4 1.00
Busyllis? . ~ 19.3  13.3° 11.3  45.6  2.28
Onuphis - 1.3 0.5 0.2 3.7 0.59

Spionidae spp. 0.7 0.5  .0.8 0.6~ 0.30

¥,
i~
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!
W

eatment means (number/0.01-m2 sample) of
important False Bay infaunal species obtained
in the August, 1975, Dendraster-exclusion
experlment. The mean squared errors were
obtained from one-way analyses of variance.

(*P<0.05; **P<0.01)

No Dendraster Empty

Species Cage. Cage  Cage. MSE = F(2,9)
Teptosynapta 950 347 448 63,3 76.30%%
Transennella 37.0  13.0 11.8, 23.4 34.59%*
ParaEhoxus spp. 530.8  450.0  529.8 3464.8  2.48
Ponotgeneia 11.0 21,0  12.2  42.1  2.82
Anisogammarus 1.8 « 1.8 | 1.8 3.4 ° 0.00
Cumella 170.5  89.2  43.8  807.6 20.42%*
Nebalia 1.8 3.8 2.0 3.9 1.20
Leptochelia & 1.8 0.8 0.5 2.3 6,774
Leptochelia 3.5 0.5 2.8 2.8 3.50

_ Nemertopsis 10.8. 0.8 1.2 8.9 \14,24**'
Lumbrineris 1.8 5.0 Cas 3.8 3.27
Eusyllis 2éf§\/’,1o.8 19.8 43.4  3.48
Onuphis 0.5~ 1.0 - 2.0 ﬂ 1.4 1.62
Spionidae spp; k

2.8 0.5 0.8 . "2.3. 2.67.




153

i

Appendix 4. Treatment means (number/0.01-m2 sample) of
' ’ selected False Bay infaunal species obtained. -
‘in the June, 1976, Dendraster-exclusion
experiment. Means for Leptosynapta were ‘
calculated from ln-transformed data. (**P<0.01)

o - No Dendraster Empty .
Species - Cage Cage . = Cage : MSE - F(2,20)

Leptosynapta  20.0  29.5  49.0 3.3  5.94%*

Spionidae spp. 6.9 - .5:8 . 7.1 60.4  0.07
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Appendix 5. Treatment means (number/0.0lm2_gapple) of

' : ~selected False Bay infaunal species observed

in the Auqust, 1976, Dendraster-éxclusion

. experiment. The mean squared errors are

' based on factorial analyses of variance.
(**P<0.01) '

4

TNo “Dendraster Empty.

Species : Cage Cage. = Cage ,.MSE - F(2L9)
Leptosynapta  27.0  20.7 . 11.0 7.7 50.81%*
Transennella 5.2 1.5 4.3 7.3 '3.02
Nebalia 1.3 3.8 1.5 9.2y 1.27
Léptochelia'l 2.3 2.2 _2.3 ' 7 ko

* ANOVA not performed.



