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FOREWORD 
. -

In June of 1973, the United States and the Soviet Union signed
a formal agreement for cooperation in oceanographic research. This
accord, entitled “Agreement between the Government of the United States
of America and the Government of the Union of Soviet Socialist
Repub l ics on Coopera ti on in Stu di es of the Wor ld Ocean ” includes
working groups on air/sea interaction ; ocean dynamics; geology ,
geophysics, and geochemistry; instrumentation ; and biological pro-
ducti vi ty. The following document on the “Ecology of Marine Fouling
Comunities” was prepared by the US/USSR Joint Working Group on
Biological Productivity and Biochemistry of the Worl d Ocean .

The a im of the Agreemen t i s to encoura ge coopera tive research
and an exchange of information between marine scientists of the two
countries , not to the exclus ion of other na ti on s, but for the better-
ment of mankind in general . The cooperative program which has
resulted in this first vol ume, is developing in the true spiri t of
the original agreement: a free exchange of information by marine
sc ien tists of the two coun tr ies , in this case through a workshop
held in the US to be followed by a workshop next year in the USSR,
leading eventually to the di rect exchange of scientists for joint
research projects.

It is hoped that this volume will be but the fi rst of many ,
representing joint and cooperative efforts by marine life scientists
of our two coun tr ies. Coopera ti on in su ch areas of mu tual i nterest
can onl y serve to enhance our knowle dge of the oceans an d its
numerous l iving conriunities to the benefi t of all mankind.

Robert M. White , Cha i rman
U. S. Side US/USSR Joint Coniiiittee on

Cooperation in Studies of the Worl d Ocean
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WORKSHOP IN ~ CG’L OGY OF 7 O U L I N G  t-MMUN I ’IIES

ntroduction

Wi thin the framework the coope rative ‘J.S.-Sovie t
program , ‘3io~ c~jica 1 7roductiv~ ty and Bicchemistry of the - ‘

-‘Jc r ’, d ’~ Oceaos , ‘ nr c ’v i s ic n  ass been made for a sub—orogram
to -conside .~ :ri e ~cclc~ y of fouling and bo r ing  comm un i tce s .
s’c t h cn  thi :u o— o r c ’q r am  ~-e aave Leveicced severa l  work-
shcos :n fo u lin g  cornmuni t~ es , w i t h  a sr~eccal cnterest if l
their or:qin cod ~ -c ’r b i i c t v, t hecr  ph y s i olcg ic al  ecology,
and their ,ise as on experImental incde l :n lieu of less
-accessIble c-enthio :ommunit:es . the ~cascc ob-ecti-.-es of
tne first wor }’st i cp at 3ea-afort, Acrtri Carolina , tovember
16—22. 19’5 , were to . :ev :ew c u r r en t  research  zn both the
Ynited Acote s and the ./oviet Ijr.’on. -:cnscde r whoco Ss’cocts
i f  t h e  resear- c o ‘nipn t --macrant furu1 ’-: c excans con and elaoo—
r a t i on , ,and to -clan w hi c h  chases of the researcn  migh t be
develciced crate a : o cu e r atcv e  p r o g r a m  i nv c i v ln g  S o v i e t  and
7. 3 .  s c c e n t i s t s .

The comm uni ty  of ro~~n i s m s  -commonly os s o c:at e d  w ct h
the ‘foulinc ’ cf man-made structures ass been 2emcnstrated
to be an ‘axceLlent s’;stem for has cc -cccloq~ cal st odcos , L t —  ‘F
cludino manipulations and quantotatlve analyscs :f the
affects cf a -iarietv of parameters on commun:ty ;o m pc s i t :c r .
and stac~~,ity . Fcuiinq ccmunicies have .cistcrrcally been
the focus of a cons i derable amount of attention with the
result that many —of the specces within this comm u nIt y  are
weLl . crccwn biologically . Natural communities can be devel-
cr;cd on d ates whcch are easdl.y examined and many cf toe
domcnan t orc~ r.~ sms are sessile so chat communitIes can he
Jeve tte d ir~dJ experiments can be conducted unde r natural
cond ctccns to examine various asu’ects of comunltd , functcon.

dere tofore , consideratoons of fouling communities , or
for that matte r cons i derat con of marine benthic :or,-rranitces
in generaL , have all too frequently restrccte d themselves
cc those aspects which cnvo lve only the adul t c’cpuiaticns.
The larval -chases , as -m ell as the interrelatconshi ps be-
tween the larvae and adul ts , have act rac rma L I - ’  been CCU-
3idered.

the purpose  of  the first w o r k s h o p  was  to c o n s i d e r  how
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l a rva l  deve lopment , larva l dispersal , and physiological
and behav ioral  aspec ts of the adu l t popula tions can a f f e c t
the s truc ture and species composi tion of the community
through the con trol of fluc tuat ions in the popula tion and
by the determination of the geograph ic ran ge and  gene t ic
d i v e r s i t y  of i n d i v i d u a l species .  To accomp l ish t x ’i s  i t
was fe l t that we shoul d cons ider a number of dependent
aspects : Firs t, how morphologi cal and phys io logical
characteristics of the larvae are related to reproductive
success of populations and how the larva l characteristics
and behavior are modif ied by the marine environment; Second ,
how the direction and velocity of ocean currents , together
with the behavior of the laLvae , a f f e c t larval  d ispersal
between geograph ica l ly separated populations ; Third , the
taxo nomic differences between geographically separa ted
popula tions of adults (i.e., di f f e r e n c e s  in mo rpholog ical ,
physiological , b iochemical , and immunological characterist-
ics) ; Four th , the genetic bas is for differences be tween and
w i t h i n  geograph i c a l l y  separa ted  popula t ions  of s ingle
species through laboratory experimentation; Fifth , the role
of larva l d ispersa l  in de te r m i n ing the genetic characterist-
ics o f populations ; and finally, an analysis  of n iche
s tructure , diversity , and spec ies p a c k i n g  of relevant
communi t ies .

It would be hoped that through the review papers , the
in d i v i d ual research repor ts , and the many discus sions wh ich
occurred during the week of the symposium , some of the
i n t e r r e l a t i o n s h ips which  ex i s t  be tween the p l ank ton ic
larvae and the benthic adul t communities were examined and
further, that some specific thoughts on areas which should
bci given grea ter a t t e n t i o n  have been o u t l i n e d .  Areas where
cooperative research woul d be feas ible  have also been
considered, ideal ly  those areas wh i ch would invo lve U .S .
scien tists , Soviet scientists , and interested specialists
from a number of other count r ies .

I am hopeful  that in the month s to come some n umber of
the par ticipants at the first workshop will communicate with
each other , outlining in grea ter detail jus t how such
cooperative programs migh t be developed. We would then hope
to meet again in the Soviet Union , perhaps in the fall or
early win ter of 1976 , to permit those individuals who have
developed specific ideas to discuss further the details of
cooperative research programs and begin to make definite
plans for the exchange of scientists Detween laboratories in
order to implement the projected cooperative programs .
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SUMMAR Y AND RECOMMENDATIONS

Through review papers , abs t r ac t s  desc r ib ing  s p e c i f i c
results of i n d i v i d u a l research  p r o j e c t s , and d i scuss ions  be-
tween twenty  f i v e  s c i en t i s t s  f r o m  in s t i t u t i o n s  w i t h i n  the
U n i t e d  S ta tes  and f i v e  s c i e n t i s t s  f rom i n s t i t u t i o n s  w i t h i n
the Soviet Union , current research involving the adu lt and
larval ecology of those species comprising the fouling com-
munities of the world’s oceans were considered . Spec i a l
emphasis was placed on the interrelationships between the
adult and la rval sta ges and how fouling communities are
maintained , inc luding  the fo l lowing sub top ics : How morpho-
logical and physiological characteristics relate to repro-
duc tive success of populations and how larval cha rac ter is t ics
and behavior  may be m o d i f i e d  by the e n v i r o n m e n t;  How the
d i r ec t i on  and ve loc i ty  of c u r r e n t s , coupled w i t h  behav io r  of
the l a rvae ,  may a f f e c t  d i spersa l  between geograph i c a l l y
separa ted  popula t ions; Taxonomic differences between geo-
g raph ica l ly  separa ted popula tions of adu l t s ; How the ge netic
basis  fo r  d i f f e r e n c e s  between and w i t h i n  geograph i c a l l y
separa ted populations may be determined through laboratory
exper imenta tion ; The role of larval dispersal in determining
the  gene t i c  c h a r a c t e r i s t i c s  of popu la t i ons ;  and An a n a l y s i s
of niche structure , diversity , and species packing of rele-
v a n t  c o m m u n i t i e s .

From discussions within individual groups and a final
d i scuss ion  to consider the recommendations of the subgroups,
a number of specific areas of research were emphasized with
a d d i t i o n a l  recommendations on way s t h r o ugh w hic h  coordinated
and coopera tive research might be ini tiated and implemen ted .

A more complete understanding of larval biology was
considered essential for an understanding of fouling commu-
n i t i e s .  Emphasis should be placed on s tudies  d i rec ted
toward an appreciation of the relationship between l a rva l
sta ges and the es tuarine and marine environments , including
the tolerances and behavior of larvae under laboratory con-
dit ions as well as wi thin the natural environment , comparing
where possible larvae from populations representing differ-
ent geographica l areas. The basic problems of mechanisms of
dispersa l, the adaptive role and co nsequences of widespread
d i spersa l  in time and space , and the behaviora l  adap tat ions
w h i c h  have bee n developed by larvae rela ti ve to their
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lankton ,,‘-xistu~ice shou Lu ho corisij - r - - , .  I mec - i , o r i  i sms
of larv ot s e t t l e m e n t , i r o - lu d i n ’ l - F I a v i o r  , o n:-ciu’c-
~t : n :  S ct  t i 1 - i c cn t  responses , shc u /  ,: i’L- CC-l’ .’ o fu : r,hnr ,II:: - c p a—

c on  and ot_udies -on t r i o  c t _ f o o d ,- ot  i n t r~~ -i h _ - c i f ’L c  an d , r . t , c ’ r —
5~ ) ’oci i  t i c  i nt -i ’ oc~~ions at  t b . ’ t Lf l iO ot iaz vu I settling shoulc
bu considered as they app iy to t_ h~ u t t c - c t’ ivu u1 -lz slties cl

u n o t io n a~ t \ -p e  of a L l u l t s  . L f I : , r t s  s h o u l d  be 1 1 3 Q 1 ,  to p~~ir .
r ’ - .-~-, ’ar cl1 w h i c h  c o n c e n t r a t e s  on c i e ne t i c  d i f f e r , o .  c a r  i ,~n of
cosmopolitan foul r:or organIsms , wcth tb ’ ye i - r u  - b -  t /  I~~. - a r ~c:

cc surviny on c’xamples , and consideration should be
Ljiven to wl:other geog raph i ca l  d i f f e r e n t i a t i o n  arc’. magni t’uuu
of -fenotic po lymorph i sm are th4 same in world wc’io species
as in those species whic h d e m o n s t r a t e  a more r e s t r i c t ed
distribution. Such studies would contribute a uni quo series
of data on the genetic composit ion of wor ld  wi-Jo species
and genera , relatinj directl y to thu fundamental questions
of gene f low , n a t u r a l  se lec t ion , m i g r a t i o n , and spec a t i o n .
Within this same general area , s tud ies  should be developed
which  con tr ibu te to mic rogeograph ic  v a r i a t i o n  ( t i u n b  zon es ,
estuaries , etc.) and the relationshi p of phys iolcc’~y to
gene t i c  v a r i a b i l i t y. L i f e  h i s t o r i e s  and development  of doep
sea f o u l i n g  and b e n t h i c  o rgan i sms  wc-rc,- also cons ide red  to he
of ex t reme impor tance .  The f u n d a m e n t a l  u n d e r s t a n d i n g  of
l a rva l  taxonomy , ph ys io logy  and endocr ino logy , were consid-
ered as essential to many of the more specialized studces.

It was also felt that further consideration should be
given to the structure of fouling communities , both in time
and space , including their species composition arid biomass.
The way in which communities develop in different geoc”ap hi-
cal areas and the types of substratum which they occupy wore
also considered of importance with further studies to- deter-
mine the patterns of stability in the different communities
and how energy flow and productivity may vary .

Three general phases were considered Ir. the development
of col labora tive and cooper at ive resea rch prog rams . Phase I ,
wh ich is currently underway , would concentrate on the ex-
change and f u r t h e r  communica t ion  of e x i s t i n g  i n f o r m a t i o n
r e l a t i ve  to previous  and cu r r en t  research on f o u l i n g  commu-
n i t i e s .  This would include familiarizing participating
scientis ts with exist ing li tera ture , prepara tion of ru v iew
ar tic les wi th cross publ ication be tween the two coun tr ies,
the planning of workshops and conferences on larva i ecology
as i t  rela tes to the m a j o r  areas of concern , the exchange
of lists of exper ts i n d i ca t i n g  are as of in teres t an d species

• with which they work , and the prepa rat ion and dissemina tion
of descriptive and illustrative material on species of mu-
tual interest.

Phase II is viewed as one of exchange  of collected
m a t e r i a l  wi th  emphas i s  on the id ent i f i c ation of la rvae f rom
both the p lankton and from culture in the  l abora tory  plus
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the ex c h a n g e  ef  s c ien t i s t s  !or  I’ ,- l a t i ’ . ’ I y b - i  pi- r iod s ot
l m t -  to p e r m i t  f a m i l i a r i z a t io n  w i t h o n — - ; o i n - ;  pro~Fr - uri c , tour ia

w i t h i n  different areas of the U.S. ur d d l i - U .S.S.R., and
planninlj for short—term collaborativ~- r ’io’irch or ’ujects .
Phase  I I  was further viewed as or’. o~~~e r t u n i ty  t or
c oo p er a t i v e  r e s e a r c h  t h r o u g h  the  use of o n — g o i n g  r o s e ur  oh
r i r u s  rams of m u t u a l  i n ter e s t  to s c ion  t i s t s  fr et  b o t h  c~~~U f l —
t r i e s .

Phase I I I , deve lorci n i~ l a r g e l y from the :cizort _ -t erm col-
laborative efforts described in P1 cisc II , would loud to plan-
fling for specific areas of Cooperative r (-so’urch in those
ar eas which  have been p r e v i o u s ly desc r ibed  and w h e r ’ ,’ t h e  rca-I ;-
ni tude of the effort would warrant a carefully organized t art
re search i n v o l v i n g  scien ti sts  f rom bo th the U.S . and t } i O -  U.
S.S.R. For example , studies of life histories and (lCc t-’CilOp
merit of deep sea fouling and benthic organisms could well
require facilities and logistical support which woulu be best
arranged through a joint effort involving scientists fret
both countries .

It was also felt desirable to develop the long-to-crc pro-
gram of samp ling of fouling communities , utilizir c c available
techniques with the es tab l i shment of permanent substrates or
quadr an ts wh ich  may be sampled non-destructively , anci design
experiments to analyze experimentall y the st-ccies ~nturact—
ions of these fouling communities. Inclucld ,’ -J in thi~~n parti-
cular portion of the recommended research would be studies
on the growth , reproduction , longevity, recruitment , ener-
getics , and genetic variation within the st~ec ies wh ich  f o r m
the various communities.
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[NTNOD U CT ION

Benthic inv ert Orates exhibit varied patterns of larval
development wh ich can inci de benthic or pelag ic larval
development and feeding or non-feeding larvae. Energetic
efficiency in reprod-intion , d ispersa l , and age str uc t u r e  o f
bonthic populations ~s at fe cted by these comp lex l i fe
cycles; therefore , a thec-I :)f  structure of fouling com—
rnunities will not be co -mp Otto until there is an adequate
-understanding of the adaptiv -c ca uses and con seq uences of
these comp lex life cycles. Thir, review describe s some re-
cent work on two aspects of the larval phase which can be
expressed as two questions. c’irst , how are costs and ad-
vantages of different typos or’ T

~~r v al  developmen t rel ated
to the environment or to ci-3r-ucteristics of the adults:’
Second , how is substratum seleor ton related to subsequent
surviva l and reproduction?

COSTS AND ADVANTAGES OF PELAGIC LARVAE

The mortality ra tes and dispersal assoc iated w ith pe-
lag ic development are different from those with benthic

• development. The costs of dispersal by means of a pelag ic
l a rva l  stage are tran spor t into areas without su itable
habitat for the adults and per haps also a h igher mortality
f rom preda tion du ri ng the pelag ic period . It is usually
assumed that embryos or larvae which are brooded or se-
ques tered in egg capsules  on the bo ttom do no t s u f f e r  as 
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great a mortality as embryos or larvae in the p l a n k t o n .
There are many possible advantages ( i f  some means of dis-
persal in tire life of an otherwise sessile or sedentary
o r g a n i s m .  O f f s p r i n g  w h i c h  t r av e l  sonic distance from their
parents may avoid crowding or concentrations of predators
or par -~sttes which occur after a population has been in-
creasing for a period in one ui-eu . Local disturbances or
other environmental changes may c-r ’o-ute favorable new areas
at some distance from the parenta] population which can be
quickly colonized by dispersing larvae. Spread of off-
spring relative to each other also occurs during a pelag ic
phase and can serve to spread the risks enco unt ered during
the ben th ic  phase of l i f e .

Pelag ic larvae can either feed or rely entirely on re—
serves provided by the parent. Larval feeding permits
grow th between liberation from the parent (or egg capsule )
and settling . This advantage is usually manifested in the
produc tion of smal ler  and , therefore, more n umerous eggs, but
sometimes results in larger size at settling . Larval feed-
ing is usually also associated with longer periods of lar-
val development due to limited food supp lies , the develop-
ment of more elabora te larval struc tures , or both . It is
usually assumed that a longer pelagic per iod results in
hi gher m o r t a l i t y  f rom predat ion or f rom t ranspor t  away f rom
favorable areas. The longer period of larval development
also permi t s  grea ter  d i spersa l, and t h i s  is o f t en  regarded
as a pr imary advantage of plank totrophic development. In
t h i s  view , the smal ler  more numerous  eggs and feeding  lar-
vae permi t  g rea te r  dispersal  at  less cost .  Cur ren t s  and
eddies in the sea permit dispersal on a ra ther large scale
in a few days (Okubo , 1971), and pelagic per iods of this
d u r a t i o n  are readily attained with non-feeding larvae .
There are possible advan tages to the added dispersal  per-
mitted by larval feeding, but it is not yet clear whether
these advantages are commonly realized in nature.

This summary  d if f e r s  on ly slightly from the views ex-
pressed by Thorson (1950) or Mi leikovsky (1971) . Studies
related to the costs and advantages of feeding or non-
feed ing la rvae  and ben thic or pelagic development are dis-
cussed in the following sections.

I 
~~

‘ T H E PE LAG IC ENVI R ONMENT AND LARVAL DEV E LO PMENT

• An indirect approach to discovering costs and advan-
tages of different modes of development is to examine cor-
rela tions between type of larval development (benthic ,
pelag ic; feeding , non-feed ing ) and environmental conditions
( l a t i t u d e , depth , t empera tu re, seasonal foud supply, off-
shore currents , estuarine conditions , etc.). Mileikovsky

2



(197 1)  has reviewed work on these trends. The explanations
for some trends seem straigh tforward . The trend toward non-
IIL-eding larvae at great depths is probabl y rela ted to low
concentrations of food for larvae . Other trends are less
eas i ly exp la ined , such as the trend toward brooded and non-
feed ing larvae at very high latitudes. Thorson (1946) sug-
gested tha t the comb ina tion of low temperatures and short
season of abund an t phytoplankton made it difficult to com-
plete larval development while food was abundant. Low food
supp ly r e s u l t s  in prolonged development  in f e e d i n g  l a r v a e
and ,thus, increased risks of mortality from predation or loss
from favorable areas. Difficulties of this exp lana tion have
been d iscussed by several authors. Thorson himself poin ted
out that some widespread and abundant species at high lati-
tudes have feeding pelagic larvae. Pearse (1965 , 1969)
argues that some of these feed ing larvae may be demersa l  and
require per iods on the order of one year to complete larval
development. Underwood (1974 ) argues tha t development rates
are adapted to env ironmental tempera tures and that ra te of
development of feed ing larvae is l im ited more by food supp ly
than  temperature. This  argument is only par tly correc t , and
because it concerns costs of a pelag ic feed ing larva l stage
under less extreme conditions , it is worth noting studies
concern ing ra tes of development and tempera tu re .

Partial temperature compensation in rates of develop-
ment is described for times between cleavages in summe r and
winter  eggs of Pa !”z’-cttrotus ~jL’c!s.$ (Hors tadius , 1975 ), fo r
time to hatching in several species of copepods (McLaren ,
et  a l .  , 1 9 6 9 ) ,  and for other organisms , bu t development is
still slower for the animals living at lower temperatures.
Slower development at lower but normal environmental tem-
peratures has been found in other inter- and intraspecific
comparisons of embryos. (See Patel and Crisp, 1960 , on
barnacles;  Pearse , 1969 , on asteroids; and Wear , 1974 , on a
decapod crustacean. )

The studies cited above concern non—feeding stages. In
culture , feeding larval stages from colder waters also tend
to develop more slowly at or near their normal environmental
temperatures. The counterexamp le frequently cited is
Thorson ’s ( 1946)  compar ison of pelagic larval per iods in
echinoderms from tropical arid temperate waters. Thorson
noted that many of the larval pe riods with feed ing la rvae
were simi lar , but these es t imates were from cultures in
which temperature and food varied greatly. If the minimum
pelagic per iods listed by Thorson are compared, the echino-
derms from warmer waters clearly developed faster. The
same result is obtained when other studies of echirioderms
with feed ing larvae are compared (Caldwell , personal com-
munica tion ; Greer , 1962 ; John son and Johnson , 195 0; Turne r ,
1965 ; Yamaguch i , 1973). Most results from the laboratory
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i i t t  t cd r e l e va n c e  Lu the pi 1-to - it , :iowcver , beC~~ U 5e t h e
n a t  : r  ~ a i i d  o c - i r c e nt r u t i o n  01 f 1 t i e  unl ik e  n a t u r a l  ,r o n u i —
I i- na - I t  a cur ious t h a t  t t s r  h ave  L & - c- n f~~w u t t e -r r p  La a t
c u a s t, i l  luOc ia i - i  lc,’S to estlmatL’ t u e  degree to ~n h i  oh n a t u —
r all-c o c c u r r i n g  food l i m i t  a I’a tc  of  - i evc lop me n t  of p l a n k t u —
t i n  - i i i , - L i i  - , a t ~ : . Vance (unpuidi s t ie s)  -iso-cl unfiltered :, e  —

~‘ - I t  o -r  c u . r i i ’ ;r ’ d  ci , t  i i  ~ te di ectrinop lutei r i o - i  c u i u r x ’ed r a t e s
or -,jev~- lO t- rto - u t in these ‘ Lil t ci r ca to rates in Sir ijar ~ u J—
ares i l l  .-c. t o O  ph-1’Lonlankton c n e e n t rat i o n s  we-re r e d u ce d  b y

j e l l  i t ,  tIter - ed se-a water. lie found that a lee-re-use in
p i i y t t  ~ , i i i k t -  ri  c o n c e n t r a t i o n  p r o l o n g e d  development. If
te ’.-e iopn l e f l t  r a t ,-s ’se i- c i nc reased  by a d d i t i o n  of c u l t ui e d

b u n k  t e n  or c o t -  n t r a t e d  p i i y t o p l a n k t o n , t h e n  (iou
t o -i under  m t - i .1  co n d i t i o n s  w o u l d  be c l ea r l y  de—

m o n a t r a t- c i .  Such  c- - , r it s  cou ld  be c a r r i e d  ou t  icr  marr y
tvt ;es  of  larvae in -- ~~~ 

—, ~ Ler s  w i t h o u t  gr e a t  r i f f i c u l t y .
lf rate-s of dev 1 ~ciILe - fl t and mortality could oc reudily

de-ter i tned front plankton samp les , the results wo -uld be far
m ere- relevant to determining the costs and advantages of
differ - nt t:pes of l a r v a l  d e v e l o p m e n t .  Such e s t i m a tes are
pe ;sible  w i i c r i  a l l  s t ages  considered  can be c a u ght  w i t h
egual - f ficicncy and ~-ihen larvae are produced synchronousl y
i n  d i s c r e t e  pu l s e s .  When larvae are produced continuously
a t  a c o nst an t  r a t e , the  m o r t a l i t y  between s ta ges  can  be
e s t i m a t e - u  but not ra t e of growth . Mileikovaky (1971) dis-
cusses several studies in which mortality was estimated from
p lan kton samp les , but there is not sufficient data for corn—
pin isons ur i c-ng l ar v a l  types or among locations. Comparative
tutj obtained in t i m  manner for different taxa and differ-
ent waters ~o ul d  be of great interest , but few attempts
have beep made . Only data from the field can demonstrate
effects or’ larval size or defense mechanisms on mortality
rates in natural pe-nulation s .

‘hOe discussion above indicates some difficulties in —

using cbcerved geograp hic trends in type of development to
de te rm ine adva ntages and cos ts of d i f f e r ent types of l a rva l
development. Another source of difficulties in interpreting
correla tions w i t h  env ironmental gr ad ien ts is tha t so many
factors vary together. Temperature and concentrations of
food of ten vary simultaneouio-~y an d compar isons among lo-
cations in which these two factors are separated require
more adv anced p lann ing of samp ling and observa tion than has
been pc . sib l e  to date. Different types of larval develop-
ment can be associated with different sizes at metamorphos is
so that a sh i f t to another mode of larval development might
be caused by selection for larger size in individuals be-
g inning ben thic life. In i tt e r oi ds  wi th non—feeling l a rvae
(either brooded or pelagic) the juveniles formed at meta—
orphosis tend to be much larger than the juveniles formed

by plunktotrop hic developr.~ent (Birkcland ,ct i i . ,  197 1) . In
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op h i u r o i d s  w i t h  b r o o d rn q , the  j u v e n i l e s  r e l e ased  fr- j r - par-
ents tend to be l a r g e r  t h a n  j u v e n i l e s  f : r i r i e d  a t  r e - t a m o n  -
p hosis  of either feeding or non~~f e - d i n : n  la vuci  d eve iopin - :
i n d e p e n d e n t ly of the parents (liendler , 1975) . The v a l u e -  of
l ar v a l  d i spe r sa l  m a  also v a r y  over e n v i r o n m e n t a l  q r ad i e n t s
because of t r ends  in  t i e  d y n a m i c s  of b e n th i c  p o p u l at io n s .
There is not s u f f i ci e n t  i n f o rm a t i o n  to r u l e  out  t i e  possi-
bility that advantages of a ~iis 1 - -rsu 1 phase , as we 11 as
costs of a d ispersal  pha se , may letermine observed trends.

F in a l l y , the forms of f e e di no  l a rvae  are c o n s e r v a t i v e,
and different larval forms may exhicit different inherent
limitations in their feeding mechanisms (Strathrnann , 1975)
The la rvae  of r e p t a n t  decapods prey  on animals rather than
on phy top lankton and may not experience the same limitations
on food supp ly ov er the same env ironmen tal grad ients. This
could contribute to the higher incidence of planktotrouh y
among decapods as compared to taxa  w i t h  c i l i a t ed  l a r v a l
fo rms , but  h ypotheses  of th i s  sort  can be tested onl y b y
e x t e n s i v e  comparative observations utilizing numerous ti n i e r
t axa .

SIZE OF EGGS IN SPECIES WITH PLANKTOTROPHIC LARVAE

l irv al f e e d i ng  p er m i t s  s m a l l  eggs and , th e r e f o r e, r um o r -
ous eggs , but the causes of variation ic s ize of eggs among
species w i t h  p la n k t o t r o phic  l a rvae  has not rece ived mu c h
attention . Vance ’ s (1973) model of “ s t ra tegies ” of repro-
duction with lecithotrop h ic or p lank to trophic larvae empha-
sized energetic efficiency and the advantages of either ex-
treme planktotrophy with very small eggs or complete leci-
tho trophy with no feeding, but  the cost of redu cing egg size
when triere is p lank totrophic developmen t has not been exam-
ined adequately for benthic invertebrates. Blaxter and
l’iempel (1963) found that herring eggs with grea ter dry
weight develop to ha tch ing in the same time but give rise to
larvae which are longer and heavier , have a larger  yolk sac
rema ining at ha tch ing,  and survive longer while starving .
To my knowledge , survival whili e starving has not been exam-
ined in relation to egg size in benthic invertebrates ,
though information on ratc~~ , 

~- t v c1opment and larval size is
available . Indirect estimate-s on volume filtered per mliii-
l iter of oxygen con sumed fo r two echinoids with d i f f e rent
sized eggs indicate that small eggs need not impose a de-
creased eff iciency of feed ing (S tra th nran n , 197 5 )  . Smal l e r
l a rvae  genera l ly are res tr icted to s m a l l e r  food a nd thi s may
be one of the greatest costs of reduced size of eggs.
McLaren , et 11 . , (1969) find that larger eggs develop more
slowly through hatching in copepods , and Wear (1974) indi-
cates that this may be the case among closely r e l a ted
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decapod crustacea; but egg size does not discernibly influ-
ence time to hatching in many invertebrates with feeding lar-
vae . Vance ’ s (197 3) model assumes that dec reased egg size
with planktotrophy necessitates a longer larval life . This
might indeed be expected if the size of the juvenile formed
~t metamorphosis were always the same , but this size can
virv greatly. In some taxa smaller eqqs produce smaller
hatched larvae and smaller larvae at settlinq (Barnes and
Barnes , 1965 , on barnacles) and an effect on the length of
pelagic life has not been detected . In such case-s both larg-
e-r food available to the larva and larger size at the beg in-
ning of benthic life could provide an advantage to animals
with larger eggs. In other taxa,staqe and size at settling
and me tamorphos is can va ry  grea tly and may he largely inde-
pendent of egg size. Larger eggs can be associated with
higher latitudes and colder water within a species or a gen-
us with a feeding larval stage (Barnes and Barnes , 1965 , on

‘ O n  i - ze O~ l’s; E f f o r d , 1969 , on :‘ --~ - t - ~ s~~p .  H a q s t r o m
and Lönning, 1967 , on St r oi 0y 1 - -0 tY r-otic spo.) . The adap-
tive significance of these qradients in ego size could in—
volve any of the factors mentioned al-owe- .

PELAGIC LARVAE ANd THE DYtAMICS OF r~EI~THIc POPULATI ONS

The absence , presence , or duration of a pelagic larval
phase undoub tedl y affec ts the dynamics of benthic popu-
lations , and the dynamics of populations in the benthic
phase of l i f e undo ubtedl y in f l u e nces the evol ut ion of
pe lag ic  larvae ; bu t it is d i f f i cu l t  to d i s ting u ish ca uses
and e f f ects in these relat ionsh ips. Thorson (1946) sug-
ges ted tha t species w ith a long pela gic l arva l  phase h ad
more irregular annual recruitment because of vary i ng success
in the plankton . Barnes and Powell (1950) suggested that
a heavy set of Ba Z otu - !- -nl an o ilcs could result in over-
crowding and loss of hummocks , and that a light set could
result in firmer attachment and higher survival ra tes
in the benthos . Many other inves tigators have also inter-
preted spatial and temporal variation in benthic popula-
tions as the result of variations in intensity of se t of
larvae . Most authors drawing this conclusion , however ,
were unable to observe mortality of the newly settled juve-
niles. Connell ( 1961 ) followed settling and survival
of B. h :Z—r n o ’ lea cyprids  and concluded tha t “while the
density observed at the end of the settlement season may
occas iona l ly be severely l imi ted  by the supply of p l ank -
tonic larvae at Millport it was usually determined by occu-
rences on the shore , there being a vast oversupply of lar-
vae.” Muus (1973 ) in a study of 11 bivalve species in
the Øresund found that “ the  number of settling bivalve
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spec imens  had v e r y  l i t t l e  i n f i  u i - n e c  sp u n  t i r e  ; uccn -ss ot the
season ’s spatf~t 11. ” Samp ling and counting settling larvae
or new ly settled juveniles is ted ious, fur some sp e c i e- s  it
it  i m p o s s i b l e , b u t  i t  is the moat c c - l i a b l e  re in ; ; of  di stin—
g u i s h i n g  lost -;es in  the  p l a n k t o n  a r i l  l s;ses in t h e  b e - i i t i ’,s .
I n v e s t ig a t o r s  who h av e  a t t e m pt e d  ;u c l  samp l i ng  h a v e -  f u t  a
great degree of i ndependence  bet we - e -n i i n t e - m i : ; i t y  of a c t  - i r i .i
number s  s u b s equ e n t l y  su i v  iv  incj  to r e-pr od  ice -  . ‘rho- ug h - p p r o —
triate s t u d i e s  have been few , we can c o n c l u de  th a t il t ho-:iglr
set varies enormousl y, benthic conditi on ; also l h ; : t  use- large
variations.

i he  s tu d i e s  m e n t i o n e d  above- do no t  compare-  a:ir: ’rl s ’.~it :
feeding and non—feeding larvae or brooded and p el i-; ic - l e v e l —
opment ;  but if b en t h i c  c o n d i t i o n s  can p r - du c e -  L i r ; o -  y i n  i-
t i o n s  in  r e c r u i t m e n t, t i re  s i z e  and  d e v e l o p m e n t  of j u v e n i l e s
w O n  they  beg in b e n t h i c  l i f e  or t i e  i i a h i t . i t occup ied  in  t o -
ben th ic phase may have as great an infl:rence on vari -r ti en
in recruitment as the duration of t he  p e l a g ic larval aft-se.
B u c h a n a n ’ s ( 1 9 6 7 )  s t u d i e s  on five species of infaunal
e c h i n o d e r m s  i n d i c a t e d  no r e l a t i u n s l i i p  1 - t twe -efl t i - -  typo - of
l a r v a l  deve lopmen t  and a n n u a l  v a r i a t i on  in tt ie - i - t - ~ it a S i—  -~~

l a t i o n  ( S t r - t h m a n n , 19 7 6 ) .
As i n d i c a t e d  above , t he  ddtu from i - : n st  st jd t e a  :0 n et

separate variations in survival in t u e  r~ l - i n k t o n , s i u ccss  i n
settling , and survival in the b e -n t l us , y e - t  tn .-se d i s t in c -
t i ons  are e s s e n t i a l  to an u n d e r s t a n d in g  of t he  a-i ~~~ t t v e’
si g n i  f i c un c e  of l a r v a l  d i s p e r s a l .  Four  o th e r  obs t, -c b - ;
such understanding are the difficulty of stud y ing ~ - g a 1 a -
tions over large areas and long periods , r e  Jit ficul t’: of
determining survival of different genotypes , confusion cmii-
cernina different sorts of advantages to he tin i f r o m
d i s p e r s a l , and the  d i f f i c u l t y  of t o - t o - r a i n i n g  t i e  ;i c t ; i a l
~1ispersal  of l a rvae  re leased  at  v ar ois  l o c a t i o n s .  The  -

‘

l i t t e r  two obs t ac l e s  are discussed below . A sessile organ-
ism obviously r e q u i r e s  some m o - i n s  of d i s p e r s a l  at some sta r
of life. The advantage to be gained from a pelag ic period
of sever al weeks , as opposed to s — o r a l  lays , is less
obvious. Scheltema (1971) has emp hasized the distance lar-
vae may travel from their parents and imp-lies that differen-
tiai extinction of populations or species may rav or species
w i t h  a long pe lag ic  l a r v a l  ph a s e .  Such d i f f e r e n t i a l  ex-
t i n c t i o n  could r e s u l t  f r o m  the a b i l i-t ’, - of a n i m a l s  w i t h  l o n g —
distance larvae to colonize new areas and extend their ran~
or from the long—distance dispersers being “generalist s ”
capable  of l i\ ’i ng  in .  a g r e a t e r  r ange  of h a b i ta t s  and i;encc
able to withstand chang ing conditions.

A very different sort of advantage from dispersal em-
phas izes the spread of sib li ngs re la tive to eac h other a nd
selection among ind ividu als w ith in a popula ti on
(Strathmann , 1974). When the favorability of areas varies
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i n s o t ; o r  s uc o o s sn u l l y  - c - i n n  J o - - f a r m  - t i m . - c v i - ; ; , l i~ - , .  -

- ‘ - I t ’:  ‘
~~~~

dj scn.’vat  ;a r m ,  p r u v iu t . a ~- tr-.,no oortr , .at f t  C-’a sp ’ s -
- 95~ i t - —

s c rI pt  I c r . - the ln:vasior, of -
- t an  - . c S n j  1 S c ’ S  r~ ’ a r m -  : - r  —

n .e-vi e- ~~~i-; -n -  ~~~, - “ ;o , :e s t e -  . Cras; h o - a r  . h_ n at u t )  k . : .  )r ic - t :~~ . f
deep w a t e_ ’sac- a n i o t i e r , a t c - iv  e f fe c t  n y c  m o - a c m e-n . Cr~~s;. a 7 s 0
r’i n a t e a  ar. o--xt cr ;si -ar of range- of about IL tc n3 his pt- a y e - a r  in
t r i o  s n asen c e  of  saron- : ;  f a t ,  n i n e c u r r en t s .  Th ns n ’ , i t c  Of spre~
n o n e -r i m s  on tutie - g&cnon’atiur time and hi n ’ e - : UL f l t i ”  o-f cc m’,-aa Ian.
of tat. barnacles as we-~~ - m s  t i c  d asp e - rsa~ of r a e  . : m r , ’ , i -  , }act
g i v e- i ,  some idea  of  t ub e  r a t e  of s ; -r e s;. of an . r r : n r n a _ a
ii e i ;L S  t h r o ug h ;  a p oc ’u la ti c ;r .  when tl e-:’c is a p-c Ian sta cc- a:
severa l s e-c e-s .  Most  o t h e r  ob se : v - .t ~~mn ’t - c- f a - a p e -n-sal ~cr c  ala’
nased or offsniore transport of ~mnr ’.’ It , or ext— na - m . of rar.ccss
of a t i u l t u  dustribution.

S tac ie s  of co-ice d .  f fu s i or .  n . n d t -’: : it c cc. ;  - n ’ c ~ c’ . rare -c c-f
O f  ,cr n i-’se re~~a tn . r ’s  to h _ t i e - i :  s~~i n _ a n i q s  , and s t u n  - - -s

c u r r e n t s lndn.cate oxpert cc tnuans ; c-rt r -,--’a’. Iron ; parents , Cut
v e r ti c a l  sw~ mrnn.nq oar: m a k e  a gr e a t  d a f f e r e n c e  ar  d : spe-r sa~~.
The am p o r t a n c e  of v e rt . -’a-- p o s a t a u r  ha s coon . p a r t a c u l a m lv
ennpn-asn.zed in studies of e s t u a rin e  ~n v er t c L - ra t e s  lil -u st aid ,
19 5 0 -  i t a s k a r s , I 9 t 4 ~ H u ah e s .  I 9 T  - Woo f- and H a n q a s , 1 9 1
ho-nh apread of s .r-Iinqs anti. pa-satnor . of all larvae ir. tt’a
es t-,vin- , ’ a ro  de te r m i n e d  t - - h_ tie- ~ncvernc ’rv, of l ar v a e  I n t o  s u rf a c ~

a r i a ; -  n i o r e  sal i n C  o a t h _ t o p  wars-c: - ann tn tc  tt i i h-a - f  t an
~tself. I t  should cit. noted , niowever , tnsa t h- .inse. L ~64t fair.
larvae ta be toant, t - —voter layers am . an area of strctifaek
water nina- saggesteca that these larvae nay have :--nir;t:naccl -. afe
a r  h_ nc.  w a t e r  a w h a c h  t l i eV  were f i r s t  re 1ease3. V an i a t~~or in
sw : m r h m n c n  s a t n ~~ r p o p u l a ta  s:ns has teen. de-s’srctneS by Doyle
( I 9 7 ~ and Georac. ~l 9 6 7~ . G’u-orc r c i n f e rr e d  tn a r -  d n . f fe r e nc e ;

w at h i n  a bray s ,  a n  the  h ehav~~or o Iarvo-c’ of a carratu~~n.d
- 

- polc’chaeac were- geneticalic- determined. Doyle was aOl -. t- :
ernpaov hreed~ ng exper:m-sr:ts on ~~~~~~~~~~~~~~~~~~~ to demor.-
stratc her atabilit ’- - of differences in. larval response to
l i g h t .

When offspring travel far fror their parents they car.

a
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.‘ —-‘ - -  - _ _



be ;~iil -jec t to -~uite di t t -x ’o - ’n it sc l c - t - t i v e  p ressures  f rom those-
ain ’ t - i t  r i g  their parents . This e:in -ri fe-ct interspecific
L S t r ’i -r o t i - - r i : -; and , hence , the structure c f  b e n t h i c  conrmnun i t i e s .
‘ F’ t n e l v  tu mu-d ’ c co - t i l , i b t l V e  m e ch an i  ams - - i i i  aris e when nnernibers

of  i i  f t  c - r n - a t  - g i n-icc ; m t  ~- n i e - t  ov er  many  g e n e rat i o n s .  In
sonic s; c - e i e s  -s i t h  1 l o u t;  p e la g i c  la r val  phase , the  o f f —
sic incj settle in communities :;uite different from the
an - -r i t a ’ . An ext nc ’n ; ic -  examp le is provided by those inverte—

h_c ites which s e t t l e  and s u r v i v e  in wa te r s  too cold for their
succ - c-ssful reproduction. (See Williamson ’s, 1967, rev iew
of a tc’ a - opod crustacean in northwest Europe.) These indivi—
- t eals are -as good as dead in an evolutionary sense . Mem-
bers of other species may evolve be t te r  means of coping w i t h
- heat . ’  animals, but there can be no co—evolution in the no-n-
reproducing populations .

Fecund i ty  and l ongev i ty  of a d u l t s  may also be re l ated
tic the type of development . A mode of l a r v a l  development
wh ich resulted in frequently poor recruitment ove r large
,‘rcais would requi re  an adu l t  phase with long life and re-
‘eated r ep roduc t ion .  S i z e  of a d u l t s  may also p lace con—
stra ints on type of larval development. Chia (1970, 1971)
maintains that invertebrates with feeding larvae devote more
:‘nerc;y to reproduction than invertebrates with lecitho—
trot h ic development and that some species ca n pers ist on ly
wcthi locithotrop h ic development because of l imi t ed  energy or
n’tateriall. which  can be devoted to reproduction . Menge (1975)
ar gues  t ha t  some species are smal l because they  are adapted
for coexistence with larger dominant competitors and that
small size limits the material which can be devoted to re-
production tO- -no - species must increase their efficiency
of reproduction by brooding their offspr ing and forgo larval
dispe rsal . Both authors present suppor ting data f rom a
limited number of species. There appear to be awkward im-
pl ications in both these arguments. If brooding or lecitho-
trc;pi a-,’ offers a more reliable and higher return of juve-
n iles , shouldn ’t all the species in these studies adopt such
a mode of reproduction? tienge suggests that pelagic larvae
o f f e r  a d i f f e r e n t  kind of advantage related to the greater
dispe rsal , but he does not say wha t kind of advantage or
ment ion the scale of t ime over which  it would be mani fes ted .
If the enhanced dispersal offers an advantage over a short
period of several  years , as could occur w i t h  spread of
siblings when favorability of habitats varies independently
or inversely (St ra thma nn , 1974) , then the advan tage is
likely to involve surv ival and reproduc tion of offspr ing at
least equal to those animals with more limited dispersal.
Longer life  may be required of such a disperser but not a
-;reater annual  r ep roduc t i ve  o u t p u t .  We do not see t h i s
approximately equal efficiency of return because our studies
are limited to a few loca tions and only a few generations .

L 
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I f  Se ct ;  s h r - - r t  t i l l  t i m i e t  i t s  - i n n . - ‘is- p n r n c l j - i i  i d v i n i t u p -  ol
lcl r v - 1 l  ch is ;- n-r :;.rl , then wi ry C r ’ s  t U s -  a r - r u i cr  : ;p c rc l es  ( - r  i n
Cb ;ic ’s ar gu m e n t , t n i - - n  ;y l i n : i c n ’ d  upn-e1e- s) t _ i - t - g u . i l i y
ca p ab l e ’  of p a r t  a k i n ; - :  - a t ’ t h i s  s1’J~i ma i - ; n , t - r  t h i n .- r ’ n - ’ r - a l t r r n . ’ n i t
- s i l l  t - ~’ is ‘ j m n ’ , i t  w h i t -n . i  s - u t  f i - , - i . - r m  1 i - i n - p .  i q r m m ~t i 1 i -  s - v i l e- - r ncr i oil - - I l ine iS 5,- n i  5 i - I t - i  - . I t  l i n t  en  t i  - r rca at - I r a n e - n  :; , i  u

o r  f - i s  i n ;  i~ i v . t r n t i - ; - - s l y over fi rs; n - - n ods , is would i -  t r a n s
c ,u s e  w i t h  n u t  t n - i ’ c - f l t  i i i  n - :< i t O  1 - n  01’ t - - - ; ’ u i - i t i - ; n s  r ,cr~n - c m - - s ,
t O - -n  o ; n - -i es t o - r o t - i 1:0 - t irood i nig or  i n o - i t n o t r - -p hy inn. ’
t c - n : 1 ; a r n r r i l y  tv- it t  i n g  an ext Lnct~ - w h i c h  w i l l  occur  I - i t t - n
‘u n l e s s  c o n d i t i o n s  -ch i ma -J i - . ‘I ’ m ‘ ‘ m i t t s  n n  , r d u l t  S i  S c -  m d  I r - - h i n g
w o u l d  l ; i ~ m o n o  Sat  is  fa e t -- n i ly exp lained Lv -1 - : :r - ~nstratin -;
t h a t  Pr o - d i ng  h a - c o - i n n ’s  m o r n ’  d i i ’ f i c u l t  - - r c os t l y r e l a t i v e  to -
p e l a g i c  de ve l o p m e n t  s n  t O  c j n c - - i t n - r  a d u l t  s i z e .  ~~~~ -n t  r a t , t n n r a m n
(p e r s o n a l  com :uaunicat j o - r i )  h a s  :~u ; J e n - i t c - d  c - s t  it 1’ ecundi tti
is vo lume  dependen t  m d  br’ - - - - c i i r ig c , m p , i c i t . v : - ; - t r . - c1n .-p e - r i d t - n i t
on arias , l am er a n i m a l s  r a n  i re-ed a s m a l l - n  f r a c t i o n  of
w h a t  they cou ld  p roduce . Both  C h i , m  a nd ~-t~-n j i -  h ,m v e  Sri —
sented  a n ; t r  Ju i n g  dat a and Interpretations , c i t  ‘l o r e
c o - i t e n s i v e  o b s e r v a t i o n s  i~~d - I i ~ o u ss ion  of the ’  sub~~n .uct is
badly net-he-h

Another possible influence of b:-r;thic comid it ,i i,-r; a on
n - c l a g i c  pe r icd  and type  of development arises fr-T n t h e
:nt ’luence of adult condition on l a r v a l  v i a b il i t s -  or sate
of -l ~c v e l o p m e n t .  Bayne  ( 1 , 7 2 ) ,  B ayne , ..- ‘  - L .  , ( l b3 75 )  , and
Helm , e :~~~. , ( 1 9 7 3 )  f o u n d  that nutritive stress in adult
bivalves resulted in decreased viability of offssring i n

~~r e - 1a c l ag i c  phase .  Bayne , - t - h a .  , studied - , - r ~~~
‘ 

,.~ ,- L I
Helm , en :1., I n n: ’ - z  e n  L I t : . Helm , . - : 1 .  , founic: that
growth  r a t e  in the  f i r s t  16 hours after liberation if lar—
t i m e -  was also a f f e c t e d , w i t h  g r o w t h  r a t e  r e la t ed  to lir .od
reserves in the l a rvae . B ayne , - h a .  , di-f not find a
significant relation between growth and lipid rescr’!es cnn
the larvae and did not f I n d  such a strc-n’.j relation i,.et-.-i ce’n
g r o w t h  r a t e  of feeding larvae and nutritive stress in the
a d u l t s .  I t  is not  yet c lear  w h e t h e r  effects such as t:’-ese
are i m p o r t a n t  in  n a t u r e  and whether the effects tarry watri
ty p e  of l a r v a l  deve lopment .  Food supp ly of a d u l t s  can ‘.‘a r-
w ith crowding or location, and comparative observations of

.m r v , m e  reared from adults from differinj locations could
clarif y this link between conditions iii the benthos and
success in the plankton .

F L E X I B I L I T Y

The occurrence of brooding or pelagic developn :;ent ,
feeding or non—feeding larvae in a species may have
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I . - : - o m O  n f l ’. , ,  i , i ; - t  ly e  corrni ie ;uen :s f o r  ‘ i l l  spec ies  of b e n t h i c
i n~ -’’ r - t ’  .m I - - in , : - - ~t son;e- taxa mat- ; i -a s  no :-; :-; i- i - r n .- 1 e x l b  1 11 ty
vi a l ;  O h _ a n _-n - s i_ n. - ;h i f t , ir ~-,t f r o m  om it .’ p i t_ 1a .. I ot -l - vn;lc ~;i :uc:nt~ t :n

i - i  I f  v i i i  ~l t 7 2 )  h ac  no ted  t s  i r ; s t - . mr ;c- s : - ; - .- t flex:—
Pa ~. i ; a t  n o - ’ fnce : a -comni ;.- i ’ r h c i v  m ; - . - n i —~~ - aq ic  to m p elni —

r c a  . l e - t ’ t i o - r : i ; i c n t , 
, b - - U  , i ” r u n m - ~ - t - :s t rop ods  - J i . ; t n o p ~;ns

I - - n ,  :c ~~.i a a h _ r u n - vn.,-lum and ice I ‘ i r  c r c  i - i  - I nat — r i ic lamrvie -
ever -- t i e t .  ‘a- ~~e’ n l a r v a e  a re  r e t  i n  - i t  ; i n ,  egg  capsules unu
mmm vi I n _ - re- c r y  r e t - i  n -,mre i t , -: lnaxih : I ctv in e o z c L v m n m - ;  f r i ; ;
ii n — p .’ c i v a c  - ;a - i i-;’ at- c- i ’ iopil;en - I-l .~ r i oer s  of n-j rse ec;-v s
_- arna c - n r c -  o n e -  :t~~c- , .ini spr ~~n i i o  p - ’ - - n I ; a i a t n . - ; ;  an d - .m a a t r e p u ; i s
cm;; 1-ac- : a ,  nn rse e- qy s  nr c’ pc’:;:;eos I : - s> : ir a  Ia t~ - i n t h e  ava 1
n r - .c~ae- , sn~~ c t :  t i c  I ,a  or iW ,i\ f rom - pclacn cc development. In

- ‘ - n i l  rue:. , .  — , c - ct a fc:w echaraaden :nn, w at t Pr o-dish or non—
a n~ ;.-e ~ ,i - ” cc’ n o v a e  have co-rap Ist-s l y la st  the :; ructures

n~ac he-.. f r l . a5 ’~’T i l  r o e - t i n s .  In  t u n s  pn vluii ’,, onoc: a f e e din i .:
ln ; r cad S tu  - as ~ast it. is n ot  r e c m a in e~~. This inflexibil: ty
coe ld Inca: rc~~stavel y mai n i-l ipteil lafc histories in some
h_ o~:a ( St r a -  m m ;  1 975 )  . In  se ”r r c ’;t n : -  f o r  p a t t e r n s  of l a r —
v5 . a-nn m n -t~~:ic n .  one shouiu  avoid  ta n-nc . an - which such acc a —

a ‘ , ; , - - t a n - -  an-h . i r ;c on -t r v  ,ir e  -

‘CU IN - I , SETT L I N G , ANt  I ILh _ ’PILI  SU C J I I S h _

P evim q c. c i a  n - - a c  of s e d e nt a r - -  im a v e r t e or o i tes m u s t  select
U t c a  c-p at  in , wtc icn: t h ey t ake  u;. b en th ; ’ :  l i f e .  2i e i r subse—
as en - . s u n - - I v a ,  an d  r ep roduc t ive  success  depend s  on. t h e i r  

1 : n e d i t the f a v o r a b i li t a  of a spot f r o n t , the
- c~ ei. cccvii  t ie to then ’.. Cr i sp  1 1 a 7 4 )  has r e c e n t l y

rca ’-, coaw,:~: h_ t i e s o r t s  of cues used by l a rvae , l arvae  in a_ i .
m a j or  - .. ‘ x;~~-c,jr~~,Iej.a’ s e t t l i n g  in t h r o -  a b s e n c t .  of a s u i t an - l e
suos :n ’ i t , m m . Na r r v  l a rvae  becono - less s pe c i f ic ’  in t h e i r
cOol -Cc. 0’ s , l t c s tr u n ’ as tn c~- p e -  r ios  of dolan i n c r e a s e s .  Tt is
nra ’-  r epreaca na : a to- ..ance be -t c~-oc :a the r i o - c s of c’ontan .ned
pet ann ic L a f c -  wni i d c  a w a i t i n g  a b e t h _ -.rc  spot an al t r io  r a s t i c
assoc . aan.- - . w~~tc less favored su:;-st,rat .i (Do- Ic , 1975;

The- use- r u - mn of tIne cues us-ad rae  i an v a e  stu n be e x n m ; n n a n e ,
I — I  .. -aw lr’ i . ’ tne ar subsequen t  s u r vav a l  anna r ep r s l ’ i s t  1.-n.

[‘ or ex-,i ::;n.o-.e , cypnits of i—c - -
~~~ v i m - -- ~ I n~ nn p r e f e r  h _ a

se tt ,n .e an m i t t - ;  or c r acks  (U r i s ;  an - .n Ba rnes , d~~5-l ) and
s u n ii” c  I a ct b e t t e r  in such  locat  c -a s  t sar , on convn.o: sur—
f a r e s  LI~~o ne - l I , 1) 6 1 )  . S tc - b o i n c :  19 7 2 )  f o un d  th..it Dman— zoar .
- ;in :- scrpnn1 ic  i T i l ” . ae s e t t l e  p r e f e r e nt a u l  ly  on tu e  younger
p a rt s  of . , ; - :d ’  - : f r o n d s  and s u g g e s t e d , f i r s t , t h a t  s i n c e  tnt -
- . - - aun :ner  pa r t s  l a st  longer , the possible length of life- of
the  om a n - a la  is an cr e -ase a :  and , second, tha t t h e i r  cho ice  co-ala
reduce  : r ow o i n - : . These e x n i r n ; - l e s  i n d i - c a t - . an a b i l i t y  to
r- i c e  f i n e  dI ;;t actions in — icte -ti ncr c l i i ’s  to favorable ~‘aii ,--
;, t r ot a .

h at  
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Lu c ia  of i i  ; - - - i f ic i t y  an  a r v a l  sc.-tt l u m e n ;  a n .  i i  a
m i a r t i v e  . t h u r  1-. ( 1173)  a - - r ind h _ f i a t  l a r va e  . I Lie -  - ‘ -c r .

- - - - - - n - - set: Ii. n ’e - i ii l y a. a -j a t - a t  v a r i et y  - _ f  - u i  —.t r ~~t .i , a n
- : - n n r n m s t  h _ - a  the Jrcan .ar spec a f i c c t y  f o u n d  1n r e -  l v i i

- - -  -
- o-. - I ,  - - -. v ‘a r n i e - - n , n i s p ,  X n i c n n ; t . — J o nes am ~U -ai l , n~e r - .

I . r iev  d150 c c  500 tmn at 9 - i h c s , ~ / z : j t ’ , ; _ i  ~s cm r.~
S n a c -ic ce- s - -~ r cci fast. p ..wn - ‘ and - - i r l y r e p r o a t  u-c t as n end a h _ s
: : er s a sc e -n t’e may - ic : r .enid on c’n s  t emporart ’  -- n i - ‘no Z i’ a; o n  -n a - v

, - s e - : n v i ra t a  ac t  ‘et o r r a u n i z e d  sy u t  f emi a n i m a l s .
- i a r a a t  con arm preference c - r ~;sbs crutu n. m

.iIac seas-.; ~~; aIr .. c - d  a r id  reveals se-inrplc-xi ty in .utau-l ‘ v in ier
l - i n l iq l i t— J c :ne s .c -‘ - m l . , ~~l 171) found ia I fe r e n t  I~r u t e r e n - e; a n
l a r v a e  rom h i f c e r ’ c-nt  , ir eas .  The la r v a e  of a in- 1c-ic

: 1-
S

. - ac- ta t foct ,.r . d _ r e m a t i _ ~l Iy  on ,c- - ‘ - j  o-, II , . - i .  o r
-‘ m - m a  c v i - : ’  - 

~~~
- -~e~,e-ndan

’ug on the fa-~-e -r il ; i 1: t -
. an d iuunas :3r anc~

of sac O~~’~ a I snc ecae s  in -te ch area . T oe-  - Ia  1: oCe-Sce ira . ri5 —
fe-ronnie as prce-~ae i-- :er:e- t.ac. D o yle  ; 1 9 7 5 )  ass -. .r sv a  :eri a
aitCrhe I in s m .  at: toe usc ; r n ra g e  on y a r n e d  ;uuc ;t r a- ..n : 

- 
r e f er -

ences depends  an toe r a s k s  -ad d e l ay  cm ; - . :  are-tunas r m .rccsc  na , t~~e
cii tl i ’cc oil -a ra c- a n t _ i r a n ;  and snr c ’ n v i ’ . -n - a r c ~aca:  t ype vi

3u~.st rat~u,, , .; i i  t he s p u t a _ i  ca st ri  can . ant or - a a Sor e s  .‘ m.  th e
t” -nes -:- t s ue - - s t ra t a .  .Us nr e i ir n in a r”  -s o ser v a t a c a n s  an
“ ‘~~ - cc of al g al  - ‘u h s t r a t c _ i a i  Dv -

- 
i -t La I- as- . - - is  are  -:-~ ; a —

n . st en t  v a t u  ~ as a c e-e l ,  D -  m . : - ; n - , :1_i sas a s n c r h _  - . e . , a e - a c
re -n  c r a C . Local d n a  f eccaces  vii ; r - n . e - c  coo-es n ..r - u a , s t : a t a  a r e

OSS l a - a d - .’ enters .:a .an,ancsai as ; i c - a c e m .
a p c p ui ;t a o n , some ge: ;eU’; cS s u r v i v e  Deto-s r vii

one _icvi. - t a t , ot a l e r s  in s nc tb e r . 1 - ,a -h t~c1.e- ~ n. ~tlc’i p i e —
f e r e n t. . s l I v  an; h_ a ce ,ias: h_ at f -o r sm,as a t  1;: ..asst. avite-ri, t . ,e-

s~ le c t a v e  d e a h _ a : s a n’ a creasa nn - . r  h _ u  cost of Jaa:,ers~~ evin~ h - 0
,‘n i n m ’ cmiz ed .  This  ma ; ot  cc.- ;cc’e- m n ;n : I . i s ; , e .-c a cv ::,nr ::ur  c u t e  I a n t s —
igis s of  j e r a u s , at as as not  ‘ace-ma se- i ;  i. r : o i .r a c e - c f  :c .-:ss r .

~r .a , saser  l 9 ’ - 8 )  s r -n an v i e- u  i p c i y mc r :~t c i sm - - : 5

21 - c - n  lf l  -na -a nate fn’scrueruc ~af  rcasaq l— s, ,e , .l.-s . . r.dav. . ..
La  on- c o ca — ~h u I ee- ,n u av a du a a  var  cc-h s i  h _ n a  t n - ic t -  cc ad  sac n- .
i r . ,t ‘late fo r c e . ar- ,’al rear .c ns g an e-wed t ha t  sac .a c t f e r c ~ac -ss

n r a  sne il  t cpc — n c - a - 5  :: :a:crated . A t  i a i v e n  I c - c a t a . n : , ‘ c -c ’ ’
-c oung ~nj a I s  e : -r a : a_ , a t c d  . r cm a tc r  -z a r i at io n  a:: to e - .. I t ese-

- a lde r  ifldiIS . It h _ u s  ic e-e a r s  t ha t  l a r v ae  ci .:- t~ : S
n e s t ~i . i  .n - e cii  .‘:;.i a a d  shore  ,ind so I e c t a v ; -  d e a t h s  a ’ s —
UCe-s t i e  -a~ se r - ce- ri - .n i s t ra su t a - ;r a s  Th as li k e l y tac t. . .n a a s

.cp~n i a h _ i o n  s ea ch _ av e  i t hs  a m e - e s e  a a i gn er cos t  n h i s —
:n c; r~~1c because h _ f e  11 f f  at o c r on n a  so Set a r e a _ i r e n t a a I~~a
se t’  Ic en t:,e S u n - n t  r - est  s u i t - c i t  for  h_ ha.:

d c-or cI t e - i c e s  ~v I a n - -  ic  vai n h-c e i t h e r  1,10 a s uv i  ci a n —
n t n  to- he- ’ ccvi rele-a - ,’nm sues or h_~ ic :n5i-rensc e cof rn. i-av ant

n - s e a .  t-Ia’,’ward ;mnd Tla r ’ce - c l h a ’ - )  :n. i.e t a t  toe br ’s- r oan
ha - : / - n s e t t l e s  p r e f cr e - n t : a  Liv vii t he  cr ccv- a an - - , -

- - - n - : -  i n ;  e- , so - ;  ch i p r e - a r s  to he favcrai Ic area , out a Ian
n e t t i c ; ;  an n e c r o t : c  t - -na r e - s sa o n s  -an f i r e  I l~a t p a n ’ vi ta
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bl ade , which enlarge so that bryozoans se ttling there are
lost. A response that is usually adap tive fo r the bryozoans
is unadaptive in this instance.

/t a -‘ r c a . : : 7 a ; ;  i t ;  La may provi de an examp le of d i f f iculties
of cuing on a larger geographic scale. Connell (1970) found
t h a t  H . h a - n - .- :“ . a c z  on rock y shores in the  San Juan  I s l a n d s
s e t t l e  in bo th  the  upper and m i d d l e  intertidal, bu t survive
to- r e p r o d u c t i o n  onl y in the upper  i n t e r t i d a l .  The same is
true on rocky shores of the open coast of W a s h i n g t o n .  The
barnac les ’ d i f f i c u l t y  in cuing for the appropriate inter-
tidal range may arise from the different pa ttern  of success
on rocks su r rounded  by sand or mud or rocky shores  on pro-
tec ted  bays , as in Puge t  Sound . In these areas  many !-i .
jL :.;anaml,n survive to reproduce- in the middle and lower inter-
tidal. Exchange of larvae between these types of areas may
prevent the evolution of more precise cuing to the upper
zo ne of exposed rock y shores .  Man- made structures have
increased the ex tent of favor able low i nt e r t i d a l  h a b i t a t  and
may even have changed the optimum specificity of cuing in
t h i s  species.

There is l i t t l e  d i r ec t  evidence t ha t  l a rva l  p r e f e r ences
for types of subs tra tum res u lt in selec tion of the more
f avored  s u b s t r a t u m  when each type covers a large  a rea .
Itiuus ’ s (1973) study of infaunal bivalves comes closest.
The water  ca r ry ing the larvae passed over bothareas sampled .
but very young juveniles of several species were abundant
in only one area or the other ; so un l e s s  the re  were ext reme
d i f f e r e n c e s  in early mortality , many of the larvae rejec ted
one area to se t t le  in the next  encoun te red .

CONCLhJ S ION

This  rev iew has considered the adaptive sign if icance of
pelag ic larvae in terms of rela tionships between di f ferent
p a r t s  of comp lex l i f e  cycles and between types of l a rva l
deve lopmen t and the pelagic environment. There are clearly
many hypotheses for the adaptive significance of these life
cycles  and a shor tage  of q u a n t i t a t i v e  compara t ive  s tud ies
designed to tes t these hypo theses . The patterns of l a rva l
d i spe r sa l  and v a r i a t i o n s  in the benthos favoring such dis-

- - 
pers-a i. are particularly difficult to observe and present
the greatest obstacles to understanding these life cycles.
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STUDIES ON TIlE BEHAVIOP. AND PHYSIOLOGY OF 1fJ- ~SP C A i S L S
TO LIGII ’? AND GRAVITY BY LARVAL CRUSTACI-S’CiI

Icich iam . m -  n
D;ink s- U n i’ i s ’r S it ’ a  - i ; ii ’ j i ; ’ .~n t - r .s-. . .- r ” .’

; - - . sa : ; _ i ’ r N-u ‘9. .‘ s- r o l i . : . n ~_ i51 ’~

:n; ’havioral responses to light and gravity by frc’. a-
s w ir n m i : ng  larvae of benthic s -Yr / s  L ac ean s  ca:rourj l:i: ut . de’c-elco —
:rae-n ’m t are currently 1,-~- map  im cv -utiga ri-ai . Species which occur
throughout the estuaries and coastal areas are studied f- .. r
comparative purposes , but the p r im a ra ’  ex p - er i m e-n t a l  a n i m a l  is
ri me crab S n Sm. a - - m  . ‘ r - ~ . ~; -  - - .“ ‘ ‘s-ha . Do-e i - . . tne ir small size
am’s-i occasional rap id mov c-na rum ,ts , t a -ac- larvae ’ s b-.-mn o vior is
m on it o r ed  by a m i c r o s c o pe— c ]o s e-d  c i r c u i t  t e l - s-v i s i o n  s y st e m .

a. 5 -s - 5 -  / zoeae respond to both  d i r e c t i o n a l  li gh t
(phototaxis) , and to polarized li gtat (ssS1 ;~rotaxis) . L i k e
most - -ram stacean larvae f ’ s- an ;.) in coa s t a l  areas , the mnri : n ar -c -
spectral se—sitivit” maximum occurs in the green reg ion .
The s i g n  of ph o t o t a x i s  at  d i f f e r e n t  l i gh t  i n t . e n s i t i e s  is
s i r n a l a r  at al l  zoeal  s t a - jr .s ~ od fo r li g h t — a d a a n t c- d l a rvae
:.~hotntaxis consists of a positive response to hi ghe r i a ’ t o n —

si ty w h i c h  becomes n o-. ative at low intensities . The nega-
tive response disappears after dark—adaptation . Based upon
these phototactic responses , the predicted diurnal vertical
m i g r at i o n  p a t t e r n  f o r  such  l a rvae  is a r i se  d u r i n g  the day
and a descent at ni-fit. Further s tud ie s  of behav io r a l  re-
sponses upon intens . ty decreases demonstrate that crab
zoeae-  have a p r e d a tor  av o i d an c e  shadow r e f l e x  wh ich  could
f -u n c t i o n  i n  n a t u r e  to avoid  etenophores .  The avoidance
ittern , upon an intensity decrease , consists of a positive

geotaxis, involvirr passive sinking .
Temp -~-roture and salinity are two environmental factors

which im if luc-ncra- the v e r t i c a l  d i s t r i b u t i o n  of zoeae and
thor--by , p o t e n t i a l l y  c o n t r i b u t e  to h o r i z o n t a l  movements  in
war r car rr - -m ’its at different depths. For . , t - z a ’ n ’  5. - -

- l a r v a - - ,
sudden  ox ~.c ;sure tJ temperature does not alter la-n otot,mxls . 5-

..a ’i-c- r ’he l ess , hi gh t e m p e r a t u r e s  w h i c h  us u a l ly  occur  n e a r  t ie
s-ar f~ cc do induce a positive -p .’otaxis and thereby c-c-n be
nmvo~ ’hc-c1 . Similarly, low salinities which usually occur m aco r
the s u r f a ca -  a l so  wou ld  be avoided , s ince  su ;ii .- m a exposure
in -lu c - . s positive geotaxis and negative na hot otnixis . Sudden
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O X i ) O m u m u r e  to h i g h  s a l i n i t y  w a t e r  i r a _ i r a , - : ;  no change in ~;} a o t  0—

t axis , b u t  i : nnj u r : ’ -’s an ascent clue- t i -  a jironouncoc.i negative
yeot . ax i s .  ‘I’las -se s t u d i e s  s e r v e  as a means fo r  d e t e r m i n i n g
which behaviors and env i ronmental f - a r t s - i n s conr t ribut c- to
v - r t i  a~ i i  movr - m m r o m n t  and horizontal transport of crustac i-arn
larvae .
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BIVALVE LARVAE , ‘I’IIEIR BEHAVIOR ,
DISPERSAL AND IDENTIFICATIo N

R. m m , T i m  Ii -
: - n r n a a e u m  - - I  - ‘ ; . ; r : I  - i n  i i  n v ia  ‘/ _ iu i logy

l i  I V ,  o- I Univs- r - ; i  ha
-9_irribi ’ t r i ps- , a-n ,is-; _ ici n uaa -.t.ts 021  3N

The distribution , ecology and population dynamics of
a species can be understood fully only when its life histor’ :
is known , making identification of all stages possible’.
Different but equally important selective m .;r-.’rasures on tb-
larvae , metamorphosing young and adults of bc-nthic marine
organisms are reflected in their reproductive success and
d i s t r i b u t i o n .

Nales of most ss-ssile and infaunal marine invert ..e brat ;.n-.
r e l ease  sperm into the sea , though a fi- -w t r a n s f e r  i t  d i rect -
ly as in the teredinid genus fi .a ae in. ” and the barnacles ,
LI .;! a - a s - a : , A unique adaptation to insure fertilization is
seen in 5.’ / lo r e. ./ - -ce c - - ’ a t - an ’ aa , a species found ira flouting
wood , The male extrudes a larger diaphanous sperm sac wh~~-:h
is taken in by the female ’ s extended ‘ searching ’ incurrent
si phon. Protection of the young varies but brooding species
are always the smallest in the family .

Much has been written on the types of invertebrate
larvae (planktotrophic , lecithotrophic , non—pe lag ic and
demersal) , their adaptive value and their importance in
genetic exchange and in the dispersal of the species. Among
molluscs , gastropod larvae have received particular atten-
tion probably because they are relativel y easy to identify.
Bivalves constitute a major component of the larvae of
benthic marine organisms taken in plankton tows but t h e y
usually are not identified or at best only to fami ly or
genus , mainly because they have few identif ying charact-.’r s.
Un l i k e  the larva l she l l s  o f gastropods , which are often
visible at the apex of the young adults , the prodisoconchs
of biva lves ar e soo n bu r ied in the umbos of the grow ing
young. Consequently even young spat in museum collections
are of little help in identification.

There are two w ay s of studying and identifying bivalve
larvae: (1) collect them from the plankton and rear them
individua lly to an identifiable stage , (2) spawn known
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ad u l t s  - n : ; _ i  i - a r  lam ’ v,i , - i n  ma;;s c u l t  ,n~~-n a o young adults.
l-: r t b - r  w i a  t i n , - v , m r i - - a n’ S i , ; -  ‘-s  ‘ ; lninul - I l ’ n r m n - r n t - -d cs-nt in—
u-omnn ly liv n o r , ’ )  u1 mnn , - .m_ i u m - - m ’ n , - n l . ‘- and p i n s - I  ri’ I m ’ i n I a S  ‘ i f  b oti n li .’
m y  ,imn i m -s e - n a- -i l l i i  v i - - . P- h a y -  - nra - - - ) li - a ’ m n m n r -t ’ h ocl _i - in -)
r - .nund t h a t  b i n  v - n - - o r - - oft - -n c - a ; ; - -  ,.‘amm i ly i - I - - m t . .; t i - - i  b c- t b - - m r
sw : ;: rn n n n n n g , ; n ; d  - r ’ a w l i ; n i j  b - b o v i n e  I ‘ ac -m n l~ ’n r i i -. - i m  st i l l s .  Ob—
se-rv,;t ions ~~ t i _ i n  v~~1ve - c- ;  ; a ; ; j n m r j  SEN n ; i I ,t~’ I l i - i t ,  closely re-I,;’,—
Oil sp ecie-s h a ve  distinctiv e- n - . - u l b i t a r_ i l .~nd hing i.- s - t n _ i ri s - I - m s
not visible with the light m i ni s - rcsc~opL- . b u y . ’, 1 charact . - a rs
sun -la - iS ’ - the v omit n i l  t w i t  h and sock- - ’ pr -ca - i - n a ’. ira tI n - - p ir di—
v~ li i .j r .- m’ st_ ic-,.- ot’ 9. ; a ’ ’ ‘i n )  :; ; ;‘ - , . r c  ‘ ~°G’ I . - n i n f  .0 unsus—
mjcct ’nl p h y l o q n ’m ’nin t ic r- .-l atis-nshi.ps. Ni- , n ; ’ ,a r .. ’m n , - m atn of the
-- .iives of 4 lat’ nj-.- mnrnn .-u latjons of - - a i n ,  - - ‘ 

~ ‘ ai l n n ’ v n ’ .-
fr- ma n -1 different female pann’m ’nts (all cu lt_ i;’ - :; a - a - - rn , - f - - m a t i —
i n  ac - P by t he  S ame male) Pif f1- r - ’. - r . i ;p - to 28 a in mae-an am i n e - li
I cni gth - a mi d showed that the size of the- jundi v s-li -Jinrs van -as
c-n ::mn a.Perably . Since size is typ icall y c-n~ i ’ d to dist, m’m -j u i s la
species of bivalve larvae it is i mportant th a t, shell size’
n i _ i t a  be based on multi ple r~’a rings fra )m:r di f fe rn- nt par c-nat ’; .

Observations of living la r v ’n.’ sup i ;-.-st t h a t  ( 1 )  p i a u n k t o —
trophic larvae living in rich inshore waters h:.ave propor-
t i o n a t e ly s m a l l e r  v e l a r  lobes than those adapted for liv mn g
in plankton poor oceanic waters , (2) 1: . n r v , c - e- of broodc-rs have
shorter apical flagella than oviparous species and (3) wI n- c - mn
biva lve larvae first begin to swim they arc- ti ,’mnth.-rature
sensitive and select their optimum temperature ma tim- s
W a t ar column . This may function to keep t h e a  in a reas  of
maximum food and to hold dernersal larvae near the bottom.

Larv;parous species or those with egg capsule develop-
ment h as-c-c-- a more restricted range than their planktotrophic
cousins uni ons they have other means of dispersal , e.g.
floating wood , ships or pumi ce . Adults of the latter group
of species , including many wood boring and fouling organisms ,
.;c--nu-ral lv have a wide t e m p e r a t u re  t o l e r ance  and the abi lity
to retain; larvae until conditions are optima l for survival.
The young of these species emerge in the settling stage and
can immediatel y join their parents on or in the same sub-
s t r a t e. Converse ly la rvae  of oviparous fo ul ing species
spawned in mid—ocean must spend a month or more in the
plankton and are lost at sea for want of a substrate at
time of settlement.

Most models of reproductive strategy place emphasis
on predation of the larvae in the plankton but we find that
the greatest mortality often occurs at the time of settle-
ment . For metamorphosing invertebrates this is a period of
great anatomical and ph ysiolog ical change . Though the
a b i l ity to del ay metamorphosis , if the proper substrate is
not available , is an important factor in the survival of
many larvae , the e f f ec t of f a l s e  ‘triggers ’ such as
‘gelbstoff’ on 7 - - n - s - - /-n a c m ’  m I ! , pediveli gers can be
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P~-vis t n t  i m p .  ti m _ i ’ - - m m i i l im ier : -tn- O m is nor - ; b e -gu n  t h e -  lerr - ;s 0)  1 - ur —
co 1 i-m pot n rm and  t i n t -  ~I , - v - l o l- nm ;n- mnt of new s - l i t - S  mus t I _ i l  low in a

pn~-; .-is ~- Si’ -~ i Ji ’iii - e- . P - - l a y ,  h e m  a im - I  ion or i , bs - i : K n n’n -; of amr ’/ S t e - p

w)n ’ t i ; ~’r i t  h _ i’ ins - si - n - il - in i .-h - -in i cal r - s u l t r-m in mal f-ii m m r , u t  is - na

or ’ P , - a t  h c- . p - ) a ~ p r  ‘t; r -i n s -’ - el s-b tus , ma n us -mn ’ - i i i  r - , ;, - . wus -d
(i _ i I o ’. i’ ; ;) i b m - r n  m O  1~ i ’ ’vtn mi t tb- se ll i t - mi m e - nt el t a i m n i - ;

n i -c - hi v e l i y -rs but of  f ec t . iv ~n ly  s i - p s  I m n r t b i n - r  m m r - - t . ,ir mmo m ;5 s - ;’a n s
and ~rc--uietration of t i n- - a’ i by U b ri c k i n g  the - -mn zym e ~- h;e-no— 1
lox ida se  and so t i m e -  i h -ve - l~.i pr m n ’ -mr t of t b ~ .- sht ’ - ll.
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TIlE S l t ;N 1 i - ’ I C A N C E  OF P i ’ I l , i m m ; i C  LARVAL DEVELOPMENT
TO MAR I Ni-I F’OU LI Nb ( .1 l O GA N I 51)5

j u liO f S . N - n ) ; . - I t i n . ,
a mis-i l ,  H r - h -  i is - , I f i s - ’ i m . p y m r i C  I s . ’ i t u tc - r n

mi- i- i - I - , Hole , ‘- n a  i -n tn ai a .a~..-tts rsN43

i mi’r’rioui m o-i- i s-N

A l a; a -- ; ;t all m n _ mine fouling organisms have some form of
fre- e-li vim n~ larval stage. The length of the pelag ic stage

a differs widely alm s -c -m n .1 v- r i o u s  i n v e r t e b r a t e  species f rom a few
bou r n , as occurs among serpulid worms , t s -  s evera l  weeks ,
r - h;;r,.;ctnrri stic for Is-- in n_ i c les , or even six months to a year
f - n  some trop ical n a p e - c i e s  (Scbaeltema , l97lb ). The princi pal
biological significance of this pelag ic l a r v a l  deve lopme nt
to marine fouling organisms can be conveniently summar ized
In three points. First , planktonic larvae maintain the
distribution of a species and also presen t tire constant

a possibility of enlarg ing the geograp h ica l range  wh en a d d i —
tional habitat becomes available. Second , by their dis-
persal larvae imp lement genetic exchange (or so-called qene
flow) between populations thereby influencing the amount of
genetically determined geogr aphic variation found within
spec ies. Third , larvae serve in habitat selection , that is ,
they determine throug h the act of settlement the p lace
where the adult sessile forms will become permanently at-
tached : consequently, larvae may influence the intra- and

a inter-specific associations within fouling communities.

LARVAL DISPER SAL AND TI lE GEO GRAPHIC RANGE OF FOULIN G SPECIE S

Compell ing ev idence tha t pelag ic larv ae are a means
whe reby sedentary invertebrate organisms can be dispersed
along coastlines and even across zoogeographic barriers
suc h as ocea n basins comes from the knowledge that larval
stages occur regularly within all temperate and tropical
near-shore waters , over continental shelves , in sh a l l o w
enclosed seas , and within the major oceanic current systems .
Research within the last fifteen years by Mileikovsky (1966),
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Robertson I U t i A )  , and Tch n m - 1 - a n , ;  (1 t ( ~4, l.s-~mi , li 7 l a , l~m 7 2 )
; n , i s  - la -- s - r n that cn.- rt ,; i n t e l - -p h o nic la m ’ vae , ‘ m a c i t . i ; m , “ i s - m a - n —
c - l i s t  a r m s - r i ’  i o ; ’ v ar ’ m i r e  : ; l n ir ,i 1 - ‘ , e i t c - -r  m a c - - r b - m i t  i .  - r - ; - n;l a m rm m r ; of
c oa s t a l  m n - - l ions , -.‘- ; mn i - c - -  c o m ’ m ’ i i .-~l - - c r - i  t i n i - a n a . , t n r l m ;  s - I  r a n  l i . r m ’ . e t - .’ m’ s
i n  t i - ’ ~ Pc- ’~ 

_i e , ;  and , a - m i - h ’ , - , t c - ’ t ’ , t i n a t  p_ i - n e - c ;  a n  A V I r i r i  a a ; J - n l n  e n  a - -  ly
d i s p c - - n a - ; c- - i I  i o t a _ i c  o m e -  a i r ; > t i n - - a n t . - r i t a ,  a - -r n - si - Ic ;- -~r r~ . : . i - s o i
ranges . l-I;-as- ::.p lca ; 0! t . e - l -. ’~.- l o n i i .’ l a m  n - . ’ W e e - i  i ; - ,- I i n  I ; . -
l r t c - - n , i t ’ u r e  a r c - - m o s t l y  oh s f - e s - I c - as t m - - a : .  U c - - r a t i a ; - - i :om ’ ,m ’ .a a n l t m e s .

I ’ i n c -mnc - - i r k - also , a , mra ’e-as --r, lan a’;;>: of f lii; n O h  ad risin s
t i m _ i t or e -  r.- r -a L i .- n a a a i v c -- l~ - n m rs pe i a ; c -.- aI i r a l a n e -  p s - - m i  sc-- i , for ~.-a ’a - s - a—
p lc - - , t i _ i c  s-yr in - - n n . i ’ u t - - r . is- n v  i - of c - m n — s -  us - I m n - i .,,‘ir - c - i I r s--m I - c - ’ - . , .
1.- m y - .. s - -- ,,na n — ..- t m 1  b e  t’c - ’t ; r a n i  I r m r ’ r - m a - ; i , i a a n l  t - , , e- Gul t S Ir e - . ;:’ . ~rnl
S a m  -;asso Sc--a (Sip . 1). ‘I ’ I n e a a e -  l ot  v ie, alt; a- ~ s- .,’i, r i o t ,  bri.- , L a m t
lv  n d en t i t  i c - i , ; - m ’ a . i . -a i - l t -  i . , . - I - r m a - :  most 1- ,’ t - . a -n - - a s - ; ; ; ;  n .i
o , .~~ - .- -  - - L - n t  a 5 ;.n s - ~ n s n - c - - s - L e a  la t h ; t , a . ; l [ n  t n i - , :oi  Om ’; . ’ n - -
‘seed in  t i i o  i - n - c - a n  -r e a l s .  O t : . - - r  r a i m o n c ;  01 1 - ; t’ n _ i c - : U e - j r .- i ; ; i r a . ’ :

ou 1 i n ;  o r - j o m a r ; ; f l i s  . n n m - I  cOmmon 17’ ou n- .; I n n  th e- -s -f .; t a m a r a c e _ i r a  a
t i m e  naup lim , i : i ; I  a - a - f . - i ’ n~ n s  0)  m - _ i ) s c - - — f l -, - - k o  nri aa i -n he ’ s :n - -i - .-nq ;; .;
mostly to tm;n.- - ; e -n us L . .’ as ~n - :  c- ’ . - . - - - a’- a (i-’i- m.  2). A d u l t
barnacles of both t i n e - s e  p c - n e t  .i arc s-lao f-c-and far out at
sea attached to c-in ft ing oi . - j c -a r .’t _i . V e a l  i - n c - .- r  l-~r~~ac’ on ’ tmm e-
wood—boring Tcre-da.ni~bae or sm hp ’s-arms occur in oneni s - a t O m s
of the temperate and trop ical At Is-n t is - 0c c-n m (Scaaeltnar ’ ..; ,
l97lc) , and represc-.-ntatives of .nt least two qera er - ; s - u n  be
f o u n d .

The dispersal of foul im -ap organisms U’,- rae-alas of ps-i  i- .; i -a
larvae ram_ in - be augmented , or in some ira_ its-laces ..- m ’m t i r c - - i y  me --
p laced , by the rafting of adults on fl oat inm - ’

~ c-b jocts. In-
deed , it is only among fouling organisms tin_ it rafting is
likely t’s- be- a significant mode of di -npa- r sal . In t I - c -.. ta re- ’’
examp les of oceanic larval dispersal just g i ve - n , -

bryozoa , barnacles , and sh ipworms , there also exists ta ’c- c
capab ilit’.’ of long-distance rafting . Certain species of
fouling organisms with very short pelag ic larval life n . m _ i t
sur ely have attained their wide geographic range so l e l y  i.-y
this means; the shipworm 9. , ,-- - . ks-c- / -. .af - - /1 a) ;, s- , wit;’-. a one—
day larval stage and a circumtropical distribution , ~s anexamp le of rafting in wood (Turner , 1966). Coelentorate
hydroids with short pelag ic stages have nonetheless very
wide geographic ranges , ev iden tly the result of long-
d i s t a n c e  r a f t i n g .

k Some f o u l i n g  species may a l t c r n a t e l7- raft as adults and
disperse by means of plankton larvae , thereby achievino
transport across wide reaches of open sea and across ocean
bas ins . Such a phenomenon may be conceived as ‘hopping ”
between “ mobi le  i s l a n d s ” . However , d r i f t i n g  ob jec t s  are
relatively scarce at sea an d the l ikel ihood th at a l a rva
encoun ters such a “ r a f t ”  is very  sma l l  indeed ( : ‘/ s-a ,
Schel tema , 197lc)

To summar ize , the ultimate distance that a species may
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Fig. 1. Occurrence in the Western Atlantic and Sargasso Sea
of cyphonautos larvae belonging to encrustinq cheilostomous
bryozoans. Most of the larvae are probably those of

‘~~a- -c - r - ,l .m > a Busk common ly found  on
- ‘aced. Large filled circles are locations where cyphonautes
larvae -c - -r n found in plankton tows . Small open circles are
Locations where cyphonautes were absent .
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Fl_ i . 2. Distribution of barnacle larvae observed in the
‘S’ rth and Equatorial Atlantic Ocean. Larvae cannot he iden-
tified to snmecies with certainty but belong m s - s t U n  to the
p c - - n_ i s  ‘Ia ;-  ‘m an and - - ‘o ’a .- ; - -c- - - 1 — Loca t ions  w h e r e  l a r v a e
s r . rc-.: a b s en t ;  2 - locations where n z ru p l i u s  l a rvae  occur red ;
3 - locations where cyprid larvae occurred ; 4 - l oca t i ons
w;-re botc h nauplius and cyprid larvae occurred . Arrows
i n c n i i r n n i t e  surface currents that suqqest routes of dispersal.
East- card dispersal along the equator in the Equatorial
Undercurrent or Lomonosov Current is not shown . The coastal
origin of the cvprid larvae in the mid-Equatorial Atlantic
is s;nqc ;est cd by the  absence of e a r l i e r  n aup li u s  s taqe  l a r va e .
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F’is- . 3. D i s t r ii a n t i o n  -
~

‘ > ‘ br ’.n c z n a n  a m - f  barnacle lara’.mc- ira ti-a r

N o ’t h  Sea. N-c- -a t - - n c - a -r i o r.hr-: - a.a;s s-mi ceea d 200 m amc - ‘- - ‘-rs and in the
area of ‘. i m - .n Dog_ i ’ m B.in i-a d e p t h  is li-as tha n 50 c - a e a t c - a m ; s.
hloa-aeve r , a - i - a - c - - n m  t m -  .;~~h t ha t  e :-a - ’r ’-enIs sic--I ~L -r “ir s of 200
mete r s  ext - an-Is c- r i -ra n a-a l t h i n  t he  R - lt i  c alonen the southern s -n P
and s-:-stern c - r s - n c - t  of N- a r ms ’ ‘r n  - La-c-h c r. r n lc - -,ndi cc-tes tb e
ans - -.:’_irrc-’nce of lam r ” .ne . A r r o w s  show p o s s i b l e  rou t e s  of d i s —
perani b . ’ s ;rfnr c c - .’ cu rr - a nts. ( ‘ ) a s -. i i f .i ed  and i - - drawn from
pc-es , l P 1 4 , p. r-3ri
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be’ rafted nic -~ _ inm n ds - upon ti n s -  , l i i l  lit a- of i n n - i d u lt Os- sur ‘-c-i c--
w i n i  i n  a f l o _ i t  at n i .’ ; .  On t ine - Other t i ; m a _ i , ti ne iinm ta mn c - - -s- t i n - a t
a t e lep l~m n i c  l . ir ’v o nma ~ - li i .’ t m ’ inns p r~rtc - ’d is dir ectl y i’ c-al_ ii.- . .’d
t n ,  t ine vc -,- l oc -’i t . ’; of c - - a a e , i r l  c u r r e n t . ; a m n - .i i i ; - -  ; i b i l i t  y of -

1 - ira- .; to - i c - - I - ny  sett li - m a r c - m a t .  Thin; i,;t . tc - - r . a;ab j -s - t , mm c l i ’; -f
n,me tt l~.’mm m emr t . , has been consi - ic -.- r - - -t e i ; , r- -si i c - - m - . - U ’,

- Schclt . a.’ma ,
( 1 i ; i 7 , pp .  ~1 6 2 — 2 U 3 )  and by ts-.yl e- (ls-75)

Di ap ers_ il. of l irv ae along tire c onti m i n- ma t .ai shelve,-; . .~mnp
in nc-a_ i r— ;; a n -  - n_i - -s~m t c-aria has i. - ‘c - an  01 s - n a  r a v e d  mostly i m n t e r ap e  is - i  tc - a

a n n a bore_ il .me _ i s. Sc - ;ls - - ;i c i~ nm V - i l  m . m c - ’ v e i r j 1 i m n , r a m . t as - f  t ; p c - r r c - n t e -
species  iS or d i m n a m ’ i la fr omm I s’ - to S n  -. ‘si ..:ei’. a .n (T i ’n o r s o n  , 1 9 6 1 )  ,
but even in sims - tn a S a n -  - m  t t inn - , a modest  c u r r en t  or  on ly  0.5
kilometers per ;n ar - a r s-arc disperse a larva a d i st - imm .ae- 0) l5u
to 500 kilm r nrn:- .a ter;; . a

Details s-- f’ t m e circulat ra i n  in coastal reg i s -mis is al-ac i n - c-
comp lex and sea l -_ i s - : ; ,  w i l l  a larva be carried d ir in s - ti ‘,- n .-Lwc-cn
ts ’ points. C-. a:’;t .al cur ’rc -rnt ,; may c’~nr ’,- se _ m a cm n ill y in r~s-t.h
direction na_ id velocita- and t :mese char-ages can affect ami n e ’
d .ts-pensal of larvae. Chart.; of the a v s -r a .~e c i m ” - .a l a t i o n  f - ’r- r
eac h  mon t ; ; of tam- .; year over I a m > - N ortr a A nan c i ’  i c - a m  .s- -s-nti:’m e m ’a tal
she l f  b e ts-. r c - ;  t h i c-’ St. Lawrence 1- I_ i t _ i iry and s”c -n tia ern Florida
show s t r i k i : m a _ i o a r ; , r m ’ ia l c h a ng e - .; i n  t he  s u r f _ i n c  ‘ -u r r e n t s
be tween .;p n i r c - c -  a nna  late summer (Bumpus , 1)73) . In ti me
region south of Cape Hatteras a comp lete rever;-m - ; l of the
coastal  sur’ks-aae circulation occurs in Aug ’,aa .t , rc~;-.nltin;; in
a strong continuous flow sout am from Cape Cod all the s-al’ f-a a

souL_ is-rn Flerida.
The- con_ is- .~ - .aenncus of tills temporal s- in n in g - as - in circulation

is a ,:easonal, d ifference in t. m m c direction and velocity of
l a r v al  d i s p o m ’s a l .  T a n e r e f o r e , the time of spawning ar_iP the
loca t a om ~ n -f - ;  p i n e - r a t . populat C -  m n i r e  c-c te ’,’ar nt facts a l -- n ut a
species - s a n s - m n  s-usI a  be an- - am to unn i e -am . an -s-nd its dispersal.

~- 1 a r k e c -m  u i f f e r e m n c r .’s ‘,lso exist in the direct icar, _iaa - - f L i n e
a-c l i n a c - i t s -  of currents a t  the surface s-a cd those just off t i n e
k i m - f t c - a -  (Bus-pus , 1973) . Over t h e  c- s-rat m e n  L i i. she i f  a long  the
Anacer i s -a r c  seaL-c-.s-m rd the net f1~- -s along the  n . m o ttors- is -ralwa-1-s
f_ is - -rd t h a n shore. i l - a m . c e  t i r e  “ c - nt i s - - i l  d i s po s i t i o n  of l.aran .m~
in tUts mt- pr s- mn 15 ;. m :p n r s -’ - ‘ s-it in de t in  r r ’ - r. n ’ inq s-c-ether tnacy wil 1
i~c-r t n - . a m i _ i 1 . s-r  L r . ’ r n  O t n t  t o  Sc -a , ,  or s m a u i a e - -,- a r - .t to t i n s -  c oa s t .  Re-
t u r n s  of dr  i f t — n ~ c t  les and b ot t - .r n a — r l r r n  f t e r . a  -ribs- t i ; r t  t . ì n nn
l ik e l  ihna .r - k i f ,  it - ;  i . . n n v , i  is ret - ‘a m m n , - - . n i n  L i r e  c o a s t- i l  c i r- ’ c l a —
tion i n c m - a ~ises f r a ma t ine edge of ties- s-om cti :’nem r t a l— simelf shomae—
ward to tl ,e coast a ’id also is ill -f iner r n - - a r  t h e  b o t t o m  t h a n  cit
t i ne - s-irfas-e . Shoul-.l the older larvae of species , by vi m ’tu -...
of their b ei n_ i’-,’ior , I end to descend toward tin e sea f l oo r ,
t lm ;n n the net ti ’ ’inspi .-m t of these late catages must be t;. a - ,’ _ i m ’d
the- - ‘s-oat. Thorson (1964) has m n m a o w m n  throug h a rev iew of

I’ the litc-- n ’ atum ’o tha t a large percentage of late stage larvae
are n ’ars-~nt a .ve 1 ’,- pins-las-tropic and consequentl y wi ll indeed be
f o u n d  deep in the vertical water column .
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Tha t , t i n - -  ‘ ‘ n i m ’ r - g r t ; r t a i c - n  inn . n _ i r u i ; m m a .  ; l r ’ . ’n m a t  i l - r i i l _ i -c-i- c m
me _ i ll ’ ,- - n - - am to m ’ r ,- r , i i n  t , i r ’ v ,’ i e-  s - i l  h n ~~ m m ~ -_ i ,; n t a m ; - m n t - i l  . c n n ’ - i t
t e - ;  n - - r n  is  a ; - i f t i S L e ~ i in .i c-jua l i f _ i f  n v c- a s - - i ’ ,  U ’: t . l i r ’  ‘ ‘ c -m r ’/ ‘ ‘ - ,n ;a m aa - ,- a n
- ‘ c- - a n I _ i n a n e  of  n m a v r ’ r ’ t . -, - b r , n t c - -  1_ irv i n - I , ; > -me ‘~~ir ’ n i r - 1 . r; m n - a
l i t ) ;  Sn - m ; - I t r ’ ; ; - - ; , ‘ra i n  ni -lis t ed u , i t ,i ) . .- n i e - s  i n ,  o t a t a n ’

c u e - n r a ;  s - I  t nrc - r ‘s e-r i d  - ; m n - - ’c- an alogous I n yrin - - g r a i n i - ’ mra e e -mnan nam n is
n a _ i t  r - c - t , n i n  L a r a ’ ,i e n e - - n m  O t i a e - r .  c m - n ; n a m l i n e s  ( t a a - .n l a n e - I , l ’i~, O ;
N , ik n i r c -’-v , l o b ’ - ;  S a h e l t c - a n a i a , ; i r i ~~-u bi isined ‘n - n t _ i ) .  A l m ., a - a - . I n a  L a n e -
c- f i a - p e t ’ s _ i l  o f ’ 1 n m v a c -’ f r e m a n  f - - m a  I ny e r - f i n n  sir ;; n _ i r a  l ; c - ’ r ’ f l  1 n t r t l e ’
s t - a - I L - a c- -’, ’  a r e  k m n - r - ,,’ n fo  - s - c ; a r  c - : r c n m n ; i s - m n  1: iii r r r .n a r a m t., n 1  r r .--j i ons .

i _ i - en ;  ( 1 ) 1 4 )  m i S  p i - r t t - - . n  t f ; e a  c - i i ; - ; t r i b u t i o n  of i..r.” , r ..z o ax n
i n s - I  1.- a r m’ n e l e  1 - n m  s - a c  t . n n n o n a a J l i ou t  t i n e  s h a l l o w  s - n t - s - I’ S c-f  taL C

r i m  t h a  b e_ i  - U ;  s~aj e n i r : j . ; ’sin g  t u n a  n h i r e n ’ t is-r i  of t , i ;~c- n m m n r ’ f ,ni c- ’e
- m’ r’ ‘ O f , ; , it i n - , ac - n e - n t b _ i t  Lii a- n e  c_ in  n a _ i _ i  ly Is-c carried along

t ine  e n t i r e -  c o a s t l i m n i - c i  th i s  m I m i ar a
E n  e r r -  f e - n  l. a u n c -i cr s t  - m r _ i  t i n e  ;.l , 1 . v r m a .a 1 of j - r n  1 -  tyic l a r ’n - , e

a-~’ i t t a i a  s -n d  ~e > - n r c - a n en ;t s - n r i e s , t h re e -  m n : ; i .n m t i n t  p o i n t s  n _ i - n d
I c - a  c o m a s  m d e n c -  I : f i r s t , t i _ c  m a n n m : - a , -e- m o t  l i m - i - . i e m l u s hed  ou t  of
t ir e m s - s l ’ unn m y ;  - - n - a - n c l - m r ’ , -ac , ,‘ i l t i m - r n m n - , ’ i i n  Ic-n a n  to t 1 m r  p a n e - m t p op u —
l a t i o n  , m a r _ i - ,’ n a o l p t o  e x t e nd  t i n e :  s p ec Ie s  r an g e  or establisin
c-;e ma c --a — f  low s-i  it , nei-~s- l r i n g  era t .uarL- , ; . Second , t he  n u m ber of
l a r v a e  n’ s - t . ; i n e r . m  ‘ s i th i m  t h e  e m ; t u m r ’ -n ; t h e s e  l a r v a e  upon s e t—
a Ics-nent ,-: m l l  hel p to a - a u n t _ m n  t h e  endemic population .
T h i rd , t m ’aC nu mber c-f i_ i i ’s - a c  e n t e r i n g  t in e  e s t u a r y  b u t  ori g i—
a a . i t i f l g  f r o m  some o t h e r  r e g i o n  o u t r r ’ aj ; i e .  These  l a r v a e  w i l l
tntr ’-’ i iucc new - 1 e a n r .’t i c  v a r ir n b i l i t ’ , ’  and maintain genetic
c o nt i n u a  t n ’  - -a r t _ i  d i s t a n t  n m o m a _ i i a t i o f l s .

The l o s s  c i’ l ar a ’ ;e- b ’, a- - a i r  t al i t y  and b y t r a n s p o r t  ou t
of an e s t ’ m .i r y  a-.cns  c o n s i de r -ci by K e t c n n u m ; n  n li ,) 5 4 )  and A y e r s
( 1 > 5 6 )  . U c r - a s - L i n i n g  t ine - r , , - p n - ’ i t io ns  fer  f l ushing of an
est u a r n -  J er i ve i by Set  s - i n u n a m  ‘si tU the  a n s u a l  eq u a t i o n  f o r  s-o r—
La 11 f ’,  i n  p op u l a t i e i m n ra , ~ yc --r ~’ a I in - ; o ns tr a ted  t h a t  in a v e r t i—
c _ i l l ’. h o r ro r s - en -  ( c _ i S  e st u a ry  -sith a high f l u s h i n g  rate , no
possibility exists fc- r e n d e m ic -  L a r v a e  to comp lete develop-
ment., a u n - . n all settlen ;rernt w i t h i n  tinc- estuary must come r’roma n
i,’mmm i.,ar ant , rea ,I-/ -tra— sett le larvae c-nrri ed in with the
fir -a -din e c i d e.

T I e  r e t e n t  nc - mm of pelagic larvae has been studied in a
an ;mube-r of coastal-p lain est-a.nries where ti-acre is a net des-mm-
str ’e a’; c- over-rent of less saline water flowing Out along the
s,a r face mmccl a nonti-Ls-l upstreann drift of denser , more sa-
l i m e  sat c-’r ma rs-’..-’inq up toward t i ne I a e _ i d  o f the estuary along

• t I m e  i.~; t L-c;’ (Um ’ ;tchard , 1_ i 5 5 )  . S a l t  b a l a n c e  and volume
c o r n t i n u i t  ‘: a r e  m aiaa t , ., i i n n e - a ,,i U-’. gradual vertical mixing f r om
C e  m r-a s - i Lana- t , i~ t’ ’ - , - surface stratum (Pritci ard , 1952). The
ret .e’n t ion c-f 1 . im n_ir :le larvae in a coastal—as-lain estuary s.i_i
shown by Bo .asf ielr i (lLr55 ) in the b-li ran iicin i in Canada.
Pl-s-nk~~ nn t - - s - a ;  r e ’i ea i - .-d t I _ i t  ea ch successive naup lius stage
l i ved  al e - ar m -er in Li ne -  -s_i t e r  co lumn  than i t s  preced ing  i n s t_ i n .
C r a n i s i .;c-~u en t l y ,  whereas  the earl ’, ’  n_ iu p l i i  were t r a n s p o r t e d  
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t r r - s , ; n c - i  t he  m out t a , t h e  l,;t-s- r : n t . i g - s - n a , be ing  U - el - s-n .  t i n e -  l evel  of
mm -- net motion , s - c - - i c - ’  r h i ; n ~.r e- r s c - a~1 a l i t r ’ r-a m ; a t - , w - m r - l  L;a e n _ i a _ i d  of
tine est ;m. n n v . By I _ i c -- t H u r I, i t  s e l l  i , : , r a m n t h i - c a n a a n ;  r r ; n n n i n e - m’ii .
most  of t i n e  e’ypr i d s  t i_ i d  b e - c - -ni r’ ’t,ii m a r - r i  i n c - m a r  t ie :  p r i n t  s-I
the i r  1- . ; r c m ’ n t . p o p u i - i t i o n ; n . ‘ l i n e -  m c -  Lantion of oy.a t c ; r 1 - irs - - is -

a in t h i n s -  J_ i rmn es  R i v e r  e st u a r y  s - n :  s h n r , w r ,  t r  - n c - - a ; u l t  f r o m  a : a i I n n
l i a r  hy d rog raphic mechanism , bu t comja l n c _ i l  i i i , _ is - no r’ d i n’j  to
Wood and llarg is (1971), by the fact that t a c -,- v c-l lije - ra n caine
off the bott.omn onl y dun a n- i  t i _ i -  L i  Cr- - f l u - n  ii i d ’ , t i s -r r .-ni ’, ’ in-
c r ea s ing  the  r a t e  of t h e i r  n e t  ups I , ; r n - i n ; ,  I n  ; n f . c - r s_ i  1.

Because the re  is not yet a wi g  f-a d i s t i n g u i s h  e n d e m i c-
f r o m  imm ig r a n t  l a r v a e , t ine  i n t r o d u c t i o n  of n e w  individuals
f r o m  f o r e ign or i g ins  has  no t  y e t  bee-n s t u r .i i e r i .  L a r v a e
near  the  bottom along the c o n t i n e n t a l  s h e l f  of the  eas t- c - r n
Atlantic seaboard will tend to be swept toward the  coast and
In to  the mouths of estuaries. From a knowledge of t i n e -  n n b u n —
dance of larvae outside an estuary and from sea-bottom
d r i f t e r  data on the d i r ec t i on, ra te  and probability of
sho reward dr if t , it is possible to approximate roughl y t t a ~

a number  of pelag ic fo rms that should re turn shorew ard or be
entrained into estuaries. But the i n i t i a l  ori g in of such
larvae w ill be unknown.

In order to understand ti-ac dispersal of larvae within
an estuary  sy stem , the loss, retention , and entrainment of
la rvae  need to be a l l  con sidered simul taneously . Th is has
not been done in any e s t u a r y .

a In s u m m a r y ,  all evidence indicates that larvae can
e f f e c tivel y bot h main ta in and ex tend species ra nge s. The
Impo rtance of the larval dispersal on genetic exchange be-
tween populations will briefl y be discussed in the following
section.

THE RELATIONSHIP OP LARVAL DISPERSAL TO GENETICALLY-
DETERMINED GEOGRAPHICAL VARIATION IN FOULING ORGANISMS

Unti l very  r ecen t ly, remarkably little study has been
devoted to those fac to rs  which  c o n t r i b u t e  to t l e  geoqra }nini -
cal s i m i l a r i t y  and d i f f e r e n c e s  between m a r i n e  i n v e r t e b r a t e

i~~ populations . Patterns of geographical variation may be
d i s j u n ct, that is , with distinct differences bcts-ce~ each

- ‘ - - spat ial ly separated population , or they may be d in_ il show-

• ing gradients of change from one population to the next.
Moreover, not all character istics w ithin a sing le spec ies
need vary geographically in a s i m i l a r  way, for eax ; unn p le ,
cer tain at tributes may show d i sc re te  aiiffcarcnr :es bet -sc-- c-ma
one popu la t ion  and the next , whereas  o the r s  may be c l i n a l
or show no geographic variation at all.

Geographic variations between population s-a; c,in be s- f
two kinds : f irst , noninheritable adaptations resulting from. ;
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ecophenotyp ic responses of individuals within each popula-
tion to tine local environm ents (e.g. , m orpholog ical adapta-
tions and physiological acclimation , ‘ - ‘dc- , Mayr , 1963 , p.
140 , ‘rable 7— 1). Since such variatir .r n i s do not dirr-ctl y
affect succeeding generations , they n-red not be cons ide red
h e r e .  Second , genetically determined adaptations which are
inherited from one generation to tine next , and wh ich accord-
ing to contemporary theory will reflect (a) differences in
ti’ie kind and intem nm; tty of natural selection that have oc-
curred within each population ,and (b) the effect of gene—
flow that has taken p lace be tween the spatial l y sepa rated
populations. (In small or peripheral populations , genetic
differences are said sometimes to result from “gene tic
d r i f t”  or the “ f o u n d e r  e t Z e c t” .)

Selection in a stable and honnnogeneous environment is
believed to reduce genetically determined variability , but
there ane other mechanisms known that tend to counteract
this tendency (e.g., p leiotrophy, the capacity of a gene
to a f f e c t several  cha rac te r s  at once , and ep istasis , the
i n t e r a c t i o n  between n o n - a l l e l i c  g e n e s ) .  New gene t i ca l ly
determined variation in a population can arise from only
two different sources. First , it can originate from spon-
taneous n a t u r a l  gene mutations . Seco nd , and probably more
commonly , it may be introduced by gene-flow or the exchange
of gene t ic  i n f o r m a t i o n  between popu la t ions  by means of pela-
g ic la rva l  d i s p e r s a l .  However , even when gene—flow by means
of larvae is read ily poss ible , genetic dif ferences between
populations may be never theless ma in ta ined as the result of
local differences in the post-larval genotype favored by
select ion. There are a number of studies in which natural
se lec t ion  has been demonst ra ted  to operate w i t h i n  a s ing le
generation in a remarkable way even thoug h the spec ies have
modera tel y long pelag ic developments  of several  weeks
( S t r u h s ak e r , 1968; Koehn and Mi t t on , 1972;  Lev in ton , 1973;
Boyer , 1974). These studies (predominantly using clectro—
phoretic techniques) sugges t that natural selec tion was
largely attributable to physical aspects of the environment.

The lack of genetically de term ined geographic variation
is u s u a l l y  believed to indicate an unrestricted gene-flow
throug hout the species range . The seeming ly remark able
s i m i l a r i t y  in gene-frequenc-; between popu la t ions  of the gas-
tropod “ a , ra , a a i - ~~a , a  rri- ,-v-le r; over a l a rge  por tion of its
ra nge tha t  was found  by Gooc h, ct al. • ( 1 9 7 2 )  was a t t r i b u t e d
by them to gene f l o w  as a r e s u l t  of the dispersal of pelag ic
larvae.

Snyder and Gooch (1973) compared two species of inter-
t idal  gastropods (:V-; .uaariu as - o!- _ i -.a/ . tea and Litto~- a-a - ;
, m a x ’ z t a . .ria.; )  and concluded tha t  there  exists “a strong corre-
lation between populat ion differentiation and dispers al
ab ility ” . In a study of three species of Lit~~-am r ;’ na , Berger
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( 1 9 7 1 )  c_n .e e - ; n r - c - - m n t i _ i l l y  t i n  t n a i -  , s _ i ; r r -  . : a r n n c l _ i s i r - m n .  i ’ s-p n i _ i t i  a n ,
- t a’ ~ i’ > a a : s - i - -  - :  , i n _ i  v 1 n - f  - i -e- I n ic  1 ~n ’is- I h e - ’;e I pm a ar nt ,
sn- n - r 3 encr ti - ’ m l  1’ c - l U jt, n - m -ni n nn n la i  ~ a n c - - L ’ e - i m ;  - f c a t _ i t 1  - a n ; ;  01 ho ; ,
t n - - n ’ ; rn a a r’ , n - — - m a m n _ i  I - ‘ — 

~
- - . - ‘ _i~

, - — m- ‘ , n a’ am n : -n m —
pe l a g i c -- deve i o 1 r n r a c - - m i t , G i f t  eared  ma i n  , a -  - n i y f ro m - m e -  to  t i - n ma c - -a -a  C .

These  I e- -a ex~ma ’ mp 1 is-s a r c  i n  t e - m a d e - i  to  a r  - n , ’ m a  i t  c~ n - ml
sc’ t ect ion n n ; - i  a~ e r n e - —  f l o w  u’, -liflS i_ i t  1-ar  a . i l .1 .i - pc-s- sai l i n s -

- t a n  m c-,- q_ i  n b c - i  a s  i m m n p r  - m f _ n t  c - m a  d e t e r  m a l O i n3  t n e -  a m nnoun  t of
c-f e m . c -’t i c _ i l  l y — c l e a t e n  a m n i a n e j  geogr np h i c  , an  n t .  a a and s i m a n i  i _ i r i t g
in  m a r i n e  i n n s - e m  t n - t x  a te  ;pecies. The litc --ns -tu re on r~epa la—t ion  c-~e m n e t i c s  o f  ; a a , i i  inc  sI s-ec ies  i aa s  i e c u m t l ’,- 1 ce- n u s e f u l ly
rev  Lea - s e c - i  b y t o c - - c l a  ( 1 9 7 5 )

clen; - c - t a c -a lly— c- ic - - ’ ermined vi n i_ ition has bee-n Inn e-sentl ’,’
s t u d a e c - i  in only s-cry few spi-cies L t s - n t  can be regarded as
foultn c-j organisms (e.g. ‘- ‘ - ; L 7 ac-’ c - d a r ?i ; : Ks-elan and - f i t L s - n ,
1 7 2 ;  ~ilkman e ’~ z i .  , 1 i7 2 ;  and Boyer , 1.374; t!ae hr’,’ozo:na-is 

? 3s-~~~~r’ a s-~ s-’ : r ~~ and .- r , , _ i L c- ,a fo ~ n ’ ’- n - i :  Gooch and
Schop f , 1970). Yet many fouling organisms ma - a g be ideal for
ti-ac utudy of such geog rap hic van ition. Because ecopheno-
typ ically determined nn;orpholog ic_ il , phys iolog ical and be-
h a v i o r a l  c h a r a c t e r i s t i c s  may be fixed early during onte-;e-ny,
even in the face of environannental change (Kinne , 1962), it
is in practice often quite diffi-c’ - a l t to distinguish between
genetically and non—genetically determine-i variation.
Th e r e f o r e , onl y t h r o ug h l a b o r a t o r y  U - n -  - -clin g experiments can
environmentally induced and genetically d-,n te n a’ ,ined vari c-iticn
ms-c unequivocally distinguished . Many fouling organisms are
potential Subjects for such-a breeding experi;;e-nts since (a)
ti-icy are relatively easy to breed in the laboratory, (2)
possess sho rt l if e  cyc les , (3) produce numerous offspring ,
and (4) have wide geographic distribution. The understand—
ing of geographic variation in maria -ac fouling organisms may
have important consequences for their control. It cannot
be assumed , for example , that a species will respond simi-
l a r ly throughout its geographic’ range either pU-ysiolog icall y
or in its se ttling responses (Knight—Jones , ci a l l . ,  1971;
Doy le , 1975)

LARVAL. SETTLEMENT ANI - i -hABITAT SELECTION
IN FOULING OUGANISMS

-
‘ The a b i l i t y  of a pelag ic l a rva  to choose a h a b i t a t  f o r

attachment is very important to its survival as an a~ims -lt .
Indeed , ev idence accumu lated during the past 50 year s shows

a t h a t  s e t t l e m e n t  of s eden ta ry  species is not  u su a l l y rando nn
bu t f r eq uent ly quite selective . Lar v -s-e if  g iven a cho i ce
of ten demonstrate a remarkably distinct preference for their
site of attachment. (Settlement as used i-acre is an ecolog i-
cal term referring to termination of pela gic larval
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e x i s t  c - m i c e  and  a s su mt n p t i o n  of a sessi  in ’ or  _ i a ta- - a , - - I a- _ id .- of
l i f e . )  Both p i i y :n i c a l  a m n - ,i b i o lo g i c a l  ,i~ n~ a n ~u t c - ; a  of a a , a f - l t -s -t
‘ n ay  a t  fe -- at t t a c -- sr,at ti e-m iner -at resjaon_iea

Piny sical cin ana ctc--rm: ; that. affect arc - n t . I l~~nc -~ ~m r e  o f  t~~~a

k i m n c - h  a f i r ; .r t . , t h e  ; ;u r t ’_ i c c -  r o p e-r f i e s  of  t i n e -  s J m s - ; t n  at_ i ;’
i n n - i  second , v e c t o r  qin a n t  1 t i c - s  su ch  as c u r r c - - n a ’. s , g r a v i t y

l t c - ; n m t .
P r op e r t i e s  c-if submerged sunf .ie- -_ is , suc h as t e x t u r e ,

a _ i a r f _ i c e  a n n - n  Ic , and c c - i o n  a f f e c a t a  t i e  ;- ;e t t lcmen t  a s - e t a a v i a s -r of
i a _ i t o _ i - c -I c- c s - pr  i-i l a r va e  ( C r i s p  - i n n - i  Barnes , 1 9 5 4 ;  Barn s- n_ i s ,
19 5 6 )  . The c a l c a r e ou s  taaas -e- ’s-..-m : m - .,. --J n- -c- 

- 
ic-a c- , an i a : m po r t a n ’_

i c - - r i l i n g  o r g a n i s m  in  w a r m— t e m p e r_ i c e  and t r op i ca l  seas , U-re-
m e r s  C . r r o a a n  s u r f a c e s  fo r  a t t a c hm e n t , “abc -a reas  t n a e  p l a n u l a
i .n m a v a  of t ine i a v c - i r o z o a n  c o e l e n t e r a ts-- T ; - L - a ~~_i~~L : s- l i n ’ , - ’ a c - ’ is in—
d i f  f er e n t  to s u r f a c e  t e x t u r e .  Son_ in  specie- _i , S a c - a a  as ti e-
Armic r i c _ im; oga:;tcr j’.-- ,, ’ , - .

-
, .: f . -- , — , ‘~~~,- r - ’ , i ,-u , se-em a c t i v e l y  to p r o —

f e a r  smooth  s u r f- i c es  fu r  _ i e - t t l e nn e n t .  No  g e n e r ai  a .ty car’ ; a
p n s - a m r e n t l y  he p r am -G e r e g a r d i n g  t ime  response of l a rvae  to s- ar -

f a c e  t ex t u r e  and d i f f e r e n t  species appear to respond ,.aifl-s- r-
e n t ly .  S u r f a c e  c o n t o u r  i - a_ i s  been d e n a r c - n _ i t r~~ted tn  be - an iaa-

u r t a n n t  f a c t o r  i n n  s e t t l e m e n t  of I - - :i r n a c ] e s ;  cy p n i d  l a r v a e
‘Si l l  s e t t l e  in g r e at c - a st  a b u n d a n c e  in the  b o t t om _ i  of c o r n c av i —
t i e s  or p i t s  ( C r i sp  inc-i  Ba rnes , 19 5 4 ) .

An un d e r s t a n d i n g  of t h e  s e t t le -m e-m t r e s p o n a-aes  to p t r y ; ; i —
ca l a t t r i b u Le .-~ of t he e n v i r o n m e n t  can best  be u n d e r s t o o d  by
observing l a rv a l  b e h a v i o r  j u s t  b e f o r e  c -mn-a l d u r i ng  s e t t le-a_ ic - n t .
Such  d e t a i l ed  obse rva t ions  have  been made f o r  tiae common
as-ore_ il a.-_ imnacle Li;.: l-c-~n moan b.a 1 - n c - a i m - a c -’, the tube  w or m  -,

‘ :- a . -~ A.a , and the LAi r -c-pean o y s t e r  S a c - C : -  ~~~~ i L c - ,  An’ , a n t e - n —

pc-c-s-tat i. e -na of the  behav io r  of l a r v a e  should m m  s - , i c - c -  c-a r a ms - a c - -ac -
ledge of the sensor y receptors  involved , but litLA-,c- is gs-u
known c-mU -out either the dec-ails of the morphology or f_n c-
tioning of such structures , a lthoug h the microscopic ana-
tomy at settlement for the  above forms is now known . A
thoroug h study of the sensory receptors of fouling organisms
at the time of settlement should be of considerable prac-tI-
c-al value in devising nieans te- prevent marine fouling .

The effect of ‘,-i_ it c-r currents on settlement has been
s t u d i e d  m o s t ly  f o r  b a r n a c l e  c-’ p n i d s .  The f l o w - r a t e  at  the
potential attachment c-nurfac ra at-ad its gradient with distance
f r o m  such a s u r f a c e  are inn ;  a t an t  to s e t t l emen t  ( C r i s p ,
1 9 7 4 ) .  However , the veloc ty gradient -sill also depend on
the textural properties of the surface , e.g., roughness am-ad
c o n t o u r .  B a r n a c l e  c y p r i d s  do not attach at a very low velo-
c i t y  g r a d i e n t ;  a p p a r e n t ly an o p t i m u m  gr a d i e n t  exists above
and below which  t ine l i k e l i h o o d  of a t ta ch n am ean t d i m i n i s h e s .
Since post-larvae depend upon currents for food , their
orientation to current direction and velocity established at
settlement is adaptive for survival.
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I t  is i - f tc -n  d i f f i c u l t  f rom f i e l d  s t - s - r i m -a; _ i l , nne - LA dis-
tinguish bea t s -cc -ann t hea c - - I fe - ts in ! li gh t  and gravity ; for ex-
amp le , it a n n is - be i tiaj ,is - ;a ;n ni ,l~ to sr-p irate m ic - - ja i t iv e -  ~.- nn - - t n . -t :- . p L ea
nca n-;p cnm nrne ; mar p o s i t iv c - -  ge rrtr - rp ic reactions or ins - I -  c- - -a i f ri - ni
n eg a t i v e  phot -akinesi s c - i n !  ;;uhm re- gcae-mnt effects of g r a v i t - ;
i ’Iie precise b ehavior -c-f l a rvae  m u s t  be known in - a r d o r  to in-
tc -rI .rn’e t i-an t_ i front t nc - a n a t u r a l  c - a n vj r o n m e n t  . On ti e - - t ;ne ’r
anm nc -l , Ic - c - ju t  conditions t i n _ i t occ’nr in na ta .; r c - - -s-re difficult
to simulate in the Lnb or_ itr.-t’v because of tm c- refractive
properticam of ti-ac enc i -ai r ed ves;n c--ls t . I , a t  m u s t  be used .  In
a - ar c - n rc - c - al way, however , f i e l d  experiments suggest t.h,:n n: most
l,arv~ie s-refer shaded a r e - a n n  liar settlement and t h a t  t~. cA’ pr -—
sunna alnl y avoid a direct light source c-nt the  t ime of sc-.- L t l c —
:‘;cannt. The presence of _ it_ itocy sts in sense I i r ’ c - ie  sr .ach as Li  —

valves s u g g e s t s  t h a t  g r a v i t y  m a y  be important for t ine orien-
tation of such-a species.

The literature on t h e  effect of physical factors t a h - , ,a i t
influence settlement of marine larvae is usefull y sum’ ;a a_ i r , zoc -m
by Crisp (1974) ; and Thorson (1964) has reviewed light as an
ecolog ical factor in tine settlement of marine invertebrate ;- .

The biolog ical properties of an environmer,t kr - ao’,, m_i to
elicit settling responses in larvae of invertebrate fouling
organisms may be readily placed into three general cate-
gories (Scheltema , in press) . These are: (1) responses of
a larva to the rnicroflora of a filmed surface; (2) intra-
specific or “gregarious ’ responses - the  reaction of a 1 _ i nc - c - a
to other members of its kind that are already settled ; and
(3) interspecific responses , the reac t ion  of a L c - r ’ c - s -  to
other  i n v e r t e b r a t e  species w i t h  which  i.t is usually asso-
ciated as an attached adult.

1- primary slime-film of bacteria and closely related
aanicroorqanisms is formed when glass slides or any other
c-m ;iooth surfaces are immersed in the sea for twenty-four
hours. ZoBell and Allen (1935) proposed that this film was
a prerequisite for the later settlement of larger fouling
-c-rcranisms . Wood (1950) found the  urimary film in his ex-
periments was not bacteria but rats-cr ‘algal spores , dia-
toms, and amorphous organic material” and concluded that
bacteria play only a secondary role in the formation of a
primary film . The question arises whether the presence of
a film is an obligatory step in -a ecolog ical succession of an
attacked community (as proposed by ZoBell) or whether seden-
tary organisms could settle directly on newly submerged
,;urfaces. This question was investigated experimentally in
the laboratory by Miller , Rapean and Whedon (1948) using
the bryozoan - s - a  LAs- n_ ir-L ta nnu and also in field studies c-f
fouling plates by Scheer (1945). The results suggested t h ; c - n t
althoug h slime films facilitated settlement of bryozoans,
it was not a prerequisite.

Subsequently there has been considerable evidence 1- c -ti ;
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I n n - m n ;  t h e -  l a ! r - r a m t - a n ’ .’ _ i m n r l  f l - i d  ohsc-’rva t ions t i n - i t  se’ t i - n - s - c - I
of an w i r ic - - v_i n i e ty  of f o u l  i i i - ;  - -rare r i sins is ar ia - _ i l - -i by t ins-

C c - _ i _ in nn ’ .,’n ’  o f  sU sie t il.mns Ic . -~~ , Cole a r m - i  I’ ; a i n n h i t — Jon c-’_ i , 19 $ , ,
‘‘ a ’ - - -~~ - : , a , , K in i a- lit — t r i m - a r - s  , 1_ i  511 - -

~ ‘

W n s c - a ’ i v , 1958 , t b_ i U - m s - - o a r - - n a n  I i . - . n ’ n n  ‘ ‘ -c- f - - n  - - - 7 ~~~- i - ’ - i )  . ‘l i_ i_ i
_i m - n - c-’ i t ’ ic  r o t - - o t  U - n a t _ i r n , n f - a  sot t l e mer n a . has  b - i ’ m s t u d n -d b-c-
“ l b i l l i - r  ( 1 9 7 3 )  f o r  I i .  a r - a -

, A ‘ c- i n n  — m r e a t  - l i - i  c - a l .  T h i n - -  r ’ - a ’ c m a n
s_ in an e  s pec ies , I n - - e n - - c - _ i a’ , s na:’h as f t c -  h’:~b r a _ i n d  ,- s-n ‘ Z ~~~’ ’ -i r : n ’- e .- ’ ,
s - ( n _ i s e  l a r v a e  a r e  i n c - i a f I r - s - a n t  to  t he  p r e s e n ce s -  - - f  a si ~ r- f i  h a ’ .

bc-s- c- is e v i d e n c e  f t _ i t  t he  m i r r _ i f l - r s - l  c - a - . ; -os i  t ion  of
i n n -  f i l m  a m e n ’m in - - ar  some rd - v_ n c , ,’ to its “at t n -  n - - t n. c-eness ” fc-r r

t a m e  se t t l e m e n t  in I I o s - i  i n n - a -  o rg a n i s m s .  M r ‘_ i IO WS aria s- M m  11 i_ i nn s
( 1 9 6 3 )  showed t f n , n r n .-n im a a r ’ ;  I u r n s  -,-,- l i i c h  had d i f f c - - r n - n t  a l - n _ i l
- a a ’a h crie- nn t’ s showed G i f t -  nt Ge- - r i - n - s  -~- f  -nt r a n t  i s -s-n e s s  f o r
ac-  ~) Oi . \’ c- ’C , ,n _ i ’ c -’ ’ ,‘~ 

a ‘ o : F ’ L , ’ a , .,

1’;vir .i - an c c- for ‘h e  p r e fr - n n ,’a n r ; na -  of 1_i r -J a e- t o  s-_ i t t le  in
c- lose  p r o x i m i t y  to c , - -r a l r e a d y  a t t a c h e d  members  of t lm s - ir

-0- ri  species  (i.e., i n t r a sp e c i f i c  or “ aq q r eqa t i o n ’ r e s p on s e s )
conies ia n_ ia c-iy f r o m  the  aoa n - i ’ :  of ’ - ‘iy s t r ’r s  and  b a r n a c l e s .  The
earliest ohser-c- itions -ap ’ - : - n r  to I--n th o s e  of Cole and Knm - m h t —
Jones (1949) who noticed id - a t  the ‘a _ i c - a l  number  of oysr .-s - r
lar-.-a.c- sett 1in n -~ on surfaces fr_ ira which newl y settled post-
larvae 0 _ i c - n a  ic -n i it m s-m a r- ac’s-cl -,-;_is one—h .ilf to one—third as rn -a n y
as in -m - .rnnt no ls from which post-larvae wer-s- not removed .
Km ni -t ln t -Jo rs --:rs an-ad Stevenson ( 19 5 0 )  s u b s e q u e n t ly  d e m o n s t r a t e d
- ba _ it tb-a- settlement of the acorn barnacle
was ran-c-ac-h heavier on areas which alread y bore recently set-
tled barnacles than on similar adjoining are-s-s where bar-
nacles were absent. It was concluded that this difference
“was probably largely because -‘if greqariousness ’ . Addition-
al research has now shown that the ce-c-rid larvae of a number
of other species (s- c - a., R,:lr.acraaa ,.a ‘- -il a t ; - . ~~~~~~ ~~ . c-’ r’r; ’n -n t an .n , ‘A
,,;“.-c -’- ” .a ’ t.- - ’ re , 1. - ,A L An ya n ~

m ; n 1 , , , n  and C ; ’. a”m s- u s  ,a~~eLl .’i~~~.-) be-
ta’.’-:- in n  a sim i l a r fash ion , and that they tend to settle near
uca aa-ulations of their own adults. Knight—Jones was able to
show that the greynrious response was highly specific. P_i- ” a-
c - u ’- ’ I :l,rs - : ” -: a c-s-nc -id larvae , for examp le , settled more rea-
dil y with adults of their own than with those of other spe-
cies. It appears , at lc’-’ist .‘nno- ’nq mono species (e.g.,
barnacles, serpulids) that if the pelag ic life is too pro-
longed , discrimination of the larvae at settlement is great-
ly diminished ; direct evidence on this point , however , is
lacking for most species (Knight-Jones , 1953; Meadows , 1969).

• The b io log ical basis of gregarious response was exam-
ined in detail by Crisp and Meadows(l962) who treated i nc-c-nt
surfaces with aqueous extracts of whole barnacles. Cyprids
settled on such treated surfaces as readily as on surfaces
bearing adult barnacles , thus simulating the gregarious set-
tling response . The soluble scttlinq factor proved to be nc-as--
d ia ly z a b l e , heat stable in water and resistant to se-c-c - s - c - -.-
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p h y s i c a l  - U n - I  c he- m i c a l  t r c - - _ i t .- - n - ’ ni t  5 ; ; t h n - t h r ’ ’ m _ i l r r - i - I  of m A a a —
‘n o ’  ~ n-n c y p ri ds  for e x t  r a n - f am of  h e i r  - a s - n a  a d u l t  S ‘S r S  0 . 0 8  n-n
l O c -  nag ~rot c-- i nn m 1 1  . C r i s p  i - n -i M - , t , l r - s - ra noa ;c-’is - G n -’l that I t ic - ’

.a t  t r r i c t i v - a -  s u b s t a n c e  was . m -, e , i t - - - t ’— s o l u i .a l e  f m - n t ion or  - a m ’  I ’ ro—
0c-1 ca ,rti cle _ im n al tin _ it t in e  

~
‘ ‘ ‘

~ 
r i d  resp -an n nns to a ‘‘ s a - -i c - i f I c ’  mo —

1c- ’c ;alar  c o n f i q u r a t r o n  a nn m n n i  t - - s t r - ! b y t i n t -  pr -_ it c- -in only n-j-! ; c - n
physicall y bound to a sn ar ac- - c - ’  an n a! m a ot , by orientir,q to - a
cb n e a m t i c a l  -. j r a d i e m i t .  The n a n - - a - n t m a-cent a t t  c - - na i a .-t f . o - : i n ’ I i n n ’  the
s e t - t l i m n c - n  f a c t o r  of b c - n c - a n n e - l o s  has l a - n - c - - n  I~ c-h -n eal , c h r o —
matographic and  elea - c -  m ’ a ~.-horet is-: -‘in -p ;nr n ” ion of m a r t  ly p a i n  m. —
t’ied e x t r a c t s  as - f ,~ n n n ’ n , ’ - n ; r , _  ‘ 

. A n h i a - a t t  and U - a n n a - an
( 1 9 7 1 )  f o u n d  tv-a act’ n ye cc -- na n~.-- - i n t e n t s , one pr- -U-aLly a a; l yco—

n - c -  at e - i n  ‘in nincrcopol e ’ a-e n - c h a r i d e — p n o t : e i n  complex , t hc - a f t , - r a
n a n - a -  f aa - In assoc l i t  c- - c-I n- i ’ tn n u e -  i c - - i c  - n c - i  1 . R e s c - - , arc!’i on nrc ,- .- a i r —
i_ m a n s s- - t t  i c - - m n - a r t  in  o y st -r s  has  y t e l d e d  r e s u l t s  ‘icr ’-’ s m aam m ic-i n
to ‘i_nose o b t_ i  n r ed wi t n  I s -am a _ i d es ( C r i s p ,  1 9 6 7 ;  Ba yn n - a  , 19r 1 9
h i - b , 1 9 6 9;  Be i t ch  ar -n c - I  h h i d u , 1971; Keok , cr ’ s - i . ,  1 9 7 1) .

a nn _ i complex than i:’;t c - is~.a - .nC1 f’ic relationships s-rn:- the
interspecific associations found nn fo :nlm :;g ccs-am rrnuni ties .
That settlemem at responses mi - it t trc i araportant tn m i t  rating
s_ i - s - h  r e l a t i o n s h m  PS has  in. a -I i i’  tlc a- a” c ’anc ler ’n ta or-a c :-mra _ iri ’c-e ’tiv
u n t i l  -.i_mnte r- 1 ..em at l y .

Cole a n a l  Lh’ni ght—J ones (1949) n o t i c e ri t h a t  s u r f a ce s  t h a t
ha - i  become h ea v i l y  f a a u l e d  w i t h  s e s si 1,e o r g a n i s m s  such as
filame ant - s-cns al’;an c-s-, a s c i d i a n s , pat -c-he’s -s-f brvozoa , ac-alcar -ec-is
t:.aic-e-worms , hydrou s , and sc-all mussels had greater settle—
‘- - - n t , of cnc - st i- r larvae upon them t 1 0 9 9 )  than she l l s  n a b _ i t ,  - -a rc--ne
cl-c-an ne -i .1_ i u ij ’  of a l l  t h e i r  r o u l i n n - .j ( 8 3 3 )  . The effect of
ac - -c - ’-J a r i ous  settle a ’mraan t was a v e n G e d  in the -nxperm~ment b’, Gaily
r e m o v i n g  a l l  se t t l ed  oyster- c-rant.

A l t h o u g h  l c - n r -,’ae of cysters are seemingly “attracted”
or ‘ induced to settle ’ U- t ine  p resence  of a c-r e - e x i s t i n q
fou l an’s- a c- ca_ in c -unity, t a r - - a c  “at c e rt a i n  o t h e r  spec ies  a p p a r e n t -
ly can be i n h i b i t e d . i {c-nce , Gcodbcdy ( 1 9 6 1 )  n o t re -;i t b - m t  -n
c--a t -are  co lony domina ted  by S_ i C r c -: m ’e S ~a rnc -’I s e_ i  anemones  On a
submerged panel inhibited the colonization in adjacent ~_ian-els of a p r i m a r y  c o l on y .

A few laboratory experaments b _ i s - n a -  f - c - a r -.c n r s t r a t e d  in te r -
s p e c i f i c  s e t t l emen t  responses  b u t  most  of  U - b a s e  ha ’~’c mint
dealt with common foulinq species. Bou n”dillor ’m (1954 ,-
si’a- ’av -’- r l that planul ae of the anthozoan 1 7 - - o r - n I - ‘-a

pn ’-’ fcrmn -ad to settle on gorgonian corals and Bir~clan rI , C1”aia
and Strathmann (1971) found that brachiolaria larvae of t he
comm on seas t a r  .‘- ,‘- - il - n ,; f - i- c - c - ’ can.: 71 _ i  settle-I c-rn response to
tubes of the polvcrnaete [Ma - a ’A c-- a - ’aa nn~~op ’ s n ’ c - .  I n n  few in-
stances settlement of a predar rar has been experiment- c - i lls -
related to the proxi m ity of its nc -r oy . Hence,opisthobnanchs
o f t e n  s e t t l e  in  r e sponse  to the U-rn -c c-na on which then’ feed
(Thompson , 1958)

The stud y of in terspeci f i c  sett lemen t responses amon g
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m c - - a l m s - ;  a r t  g_ in ir -m rn a-; a n n s  n m c a r c c - - l y i,e- -; u l n. ‘lu n - a a _ i t  r . - x t r a r n t .  t i _ i c - ’
. m e - s  -. - -nm p a r S i t  n - r ,  i c - f  ( n m a t n n n j  communet men;  is e s c - , m m , l i a ; m ; e ’ aI

by s e t t  l c - a m a L e f l t  r c - ’ a -; a omnSeni ’ m a n - I , -s - rn ‘ a , - of a , - - n i s - m i - n , t - n - -h i t  a -n —n —
t e m a t  U -v n t e r sp c - s - d i  I 1- - ce r nm ;~~et 1 t i c - i n  ft e r  m s - e L m. l e a a a - ’ a  t is

a i u e s t l . : rn  s - t a i c - ; h  a t a t i l  m , - ,- - is-s m a c - c - a n n  1 a r - n c - - i y  - , a n - n r a , ; n - / e a r e - I .

;j~

M a n  L ine -  I c - c a i r n s - n a  s t r n - a c - e s  r an the- past , av e  I , ’s-’ s - n ;  l a n  s - i ,
c-’m fljs - t naL n.aa l  c - i e _ i l i m n q  ~.r m ’ i n n c i p ~a l l y  ~c - i t in t m a - ,.a e f f i c -n a cy  of  p a r t —
cLilar treatments t a r  — p a ’ s - v e n t a - rn  r i - a -  -- n a  Ho le  ( .a:- - . - - n m , - - —

g rap inic In stitut .ium a , lttfs - ) . I l owe - c-- cr r’ , c - a c - Ica~Uate’ solu ti-c-nnr
some of t ime p r o b L - c n m s of n a _ i a  I rn e- I ,. : a u l i n s - aj  r e q u i r e  more p rec ise
biolog ic - c - i l i n f o r m a t i on  on r n d iy i d u a l  sp ec - i s -nc  ( e . g .  , m a a _ i r h r o a
r c - r g ’ . ’ and p i a s - s i a s - i o r ; y  r e t  sense rece n t - a - - n s c - nt  the  t i_ inan e of a t —
tc - a c in m m ment ; settlemnment responses s- i n c - i I.~e}nav ior a t  n-n c -t t l e in - a en t ;
c - m d  g e n e t i c a l l y  d e t e n m , i m n c n d  geograp hic v a r i a t i o n  in  g r o w t h
and s e tt l c n a m e a m t  p r e f e r e na ,a e;-r ) . h i n t s -  w i th  such  improved kms -rs-’-e—
l e d - n e  is i t  l i ke ly t i n _ i t  new approacines  t o  t t n ~ c-Gn at m e l  of
nan _ inc - ms - c f o u l ing will present tinemselves.
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THE ORI .’ I N  AlP  D I S - r H I H I . ’ I l oP  OF hi’ I inIOS !-h s

IN ‘I’HE U PPER 1<1 - In ; I O N S  OF ‘t H E  S H E L F  OF ‘ l i i i ,  N i °PH WICS ’l  f a , H N  i’/a - lc-. i
( n E  THE P A C I F I C  A N D  ‘rub ‘ U - J A R  la -AS I N

A. N.  ,‘ a ~~n k o v n n , a - I  O. c-, . 2- ’~
n c - a  - n o - i n  ‘a I c - i n s t i l  r n t n - , A- - , ‘a my of c - a s - I  - n a ’ -  a t m - , ’ ac-c- ;

1, r m n i r n r i r ’ , a a ’ a , c-c-c-s

To form a correct concep tion of the distr ibut irin a no -a
l a r i t i e s  of m a r i n e  ecosys tems  and of the  q u a n t i t a t i’ -’ ns- ,- m m . a n .a r -
tionment of the living organic matter within t ’a’ n c - - a -  , one
s h o u l d  hat-c c-it his disposal a clear and dna-pend able ( 1n~ar , - r v
concernin- : the orig in , formation and development of tht- -s-or-
resp a- n a l i n g  b iocenoses .  Ep ib ios is  ( e p i f a u n a  + m a c ro~.h - c - t c s )
has p r o c - c - c n n  to be the  most ancient , stable and ~s-rod aac t i.ve
l ay er of m s- any  b ioce noses , determining their outward aspect
and considerabl y influencing the composition and quantita—
ti’,’e development of endobiosis (infauna) . Ep ib ioses a re
actuall y composed by almos t a l l  bottom au totrop hs and the
most ancient representatives philogenetically of the majori-
ty of classes of marine invertebrates (Spong ia , tine ma l -c- -n it y
of b aa -’, to- rn Coelenterata , Br yozoa , Brachyopoda , representa-
tives of ples imorphous f a m i l ies — Ph y lodoc idae  and  a’n n , h r ’  d i —
t ,idae of Pol ych aeta , the majority of the most pr im arit L ve
classes in each l ine  of development of Crus tacea , a l l  the

representatives of the originally more ancient sc-mbc lasses of
C y clo b r a n c h i a  and F i s sob ranch i a  of Gastropoda , the najor
p a r t  of T u n i c a t a , the  r e l a t i v e l y  most p r i m i t i v e  of i - a - - c - s - c -
fishes of the families Gonorhinchiidae and Nothoc anthm -ai. c- ’I

E p i b e n t h i c  o r g a n i s m s  d i f f e r  f r o m  a n i m a l s  i n h a t s - a t n n - ;
algae and the sea grass leaves , by the i r  less developed ms-o r-
pholog ical specializa tion , as well as from those which buoy
themselves in  the ground . Ep ibioses , constituting tic - c m o s t
ancient parts of ecosyst em s , c-ire usually in,n i’c-’ n ’’.’ n -m’ i - - nJ i.y a

• high species diversity. Thus , in biocenoses of the Posss-et
Bay ( S c a rla t o , G o l i k o v e i n  - n I . ,  1 9 6 7 ) ,  the  s p e c i e s  d i v e r s i ty ,
measured according  to S h a n n o n— W e i n e r  ( H = — p i ’ l n p i .  where
p i = N i/ r i ) , is , on the average , 1.2 fo r  the e p i f a u n a , 1 f o r
the fauna , and 0 . 9  for the phytal animals.

The ma ? a imum of species d i v e r s i t y  in e p i f a u n a  (1 . 8 6)  c-an
be observed in the  bay at dep ths  r a n g in g  f rom 1 to 5 m e t e r s
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a r s - n a m m q n r c - k s  a n - I  s t r c - n c s .  ,‘,r ’ - , ’ r a r , i i n m ’ ,  to t h u  f n - - - l i m , ;  ! - a s i n n _ i n
t i n  c-p ib ios c -n s , t i n t ’  sc-st n r ma r r c - l n , n r i es a i n ’ : a - - - l a - a n  m n , u m t  os-n h a n - I

- n : on rnd s , w h i l e  on s ol t  - i n o a n n m a - l ts- - n m - I  ni n a-n - - i  a - a r _ i a - I s  t ’ a o ’ r ’  - a n - ’
most lv J et  n i t  ar-hayes , a n n n i  m a r - - n

F ine m _ ijorat v O i  e p i m a n t i c -  m n - I n n -  S - - a t a t  ivos h - a v - l n ar

~ 1ankton ~ah , a sc  01 a - I c - - ’ c -n . - l o l - n m m r ’ I n t  i n  t h n - i r  ont  a a a ~ n - m n - s n s , ‘sh n ac h a s
most - t y p i c - a l  f o r  e pn l . i o s e s  in  w , n r m a r  , and  t r ’ m a a p c - - r _ i t . - v - nt -- c s.

The :nn r.-m mti , r n n r-d r - m t  . q n ’ m n n ’t i c  a r t s - _ i a-m n -  j n ’ma - d n.nns-cs a cons r a I l  e
i n f l u c - - m a c - n ’ upon s n - n - c - i , n l d i n - n t n  i b u t i o n  a n d  t . h c - -  t n - i  a l  n ’ a a : , b n - r  of
a imd r v i c - i ’, m , t Ls ma ’ , c - n c - - c - i t  a c -  ‘a n a - a n c - n i a t i o n s , t h u s  i t  shou l - i  La - - a- 
s mn , lc - -rr - ,I i n n  i m p o r t  - t i n t a n  r t  o ‘a ‘a he co r r e spond  n a n - n  ecos ,c - .
Bes ides , t a k i m r , n  i n t o  n c - c - n  - a - amnt t h e  b i o t  a c - - i C  -ant t a a - ’ i n n a m n ’ n t  -~~ 

- ha .-

ecc- sv st e m s  to  ac - i a ,ac e , m n ’a r l  t imane  fact, ens , t i n n , ’’ 7 ’ arc - - aaorc - a p raa c - nani c- a-a —
c l u s i v c -’l y  by s i n m k i n g  l a r v a e  and those ’ l w n ’ l l i m n r l  i n  t h e  n%’~a t .er
Ic -aver , w h i  c - h i  d i c r - c - n t  l y a l i sp o s e a  above t a r  - c- err  - a n -  s - nc - n i  a n y  ep i i c -  a —
Dm5 L5 . in c o n s i d e r a b l e  ~~_ i r t  of t h e  p l a r n k t o n  1_ i :  ‘ ‘~ a n -  o f  n ; ; c - a e r r .—
b e n t h i c  o r m i a n i s m s  sn n - a - _ ia - i s  beyond the  - i n a i n m a r l  o m i t  a t , i on  of
the local  p o p u l a t i c - n n s  amnd , as a t e r n p o ra r v a - r a m : r c - a m n n - m n t , j o l  nns
the  ecosystems composed of o t h e r  s p e c i e s .  a

Under  t’c - m v o r a b l e  c o n d i t i o mn s , t h ~~ a , - I c - a n k  torn  l n n n ’ ,’c - a c-’.- of bot-
tom o rg a ni s m s  , a nc - ;  s l - c - w  in  t h e- i r  aie ’t ’ n ’ i c - a l  maa ’ -m nt an al c - f  th a -.-n ’ have
sunk to the bo t t om s- n  t h e y  u su a l l y t i n a l l s - ’ a - ’ , - r i s h .

A f o r m a t i o n  of mass  ~ a a m a l a t  ions  -~~~~ - c - ou n g  ‘C:, a n ’ I a n , ’ n - I n 1I~ ’
and 7 - ‘a c .  - ‘ n - c - _ i  ,; I ,  a , ’ a - n i ves a t y p i c --c - a l r. . n c - ’ t a - a r n ’ of f .m ne a- let- e l—
opment and s i n k i n g  of p l a n k t o n  l a m - : , , -  - a t ’ b oLt -nan a a r , : a m ; L a c - m a n s
under  - .m n f a v o r a l c -  1 ’ - c c - n a - m m t i o n s , n~ic - I ch on ’ l a ’ s - re 0 1 t a - n  e a n n c - - m a c - : h  ob-
served w i t h i n  the  l it t o r a l  zone i n n  dis’ r i - a s  infl’,an.’mnced bc-c-
immobile ice or by a strong and continual water c-nec-b oning.
c-~~~, c - ,

a’ l a , ’ c - a c - a’ ,: , which have sunk a-o a t’ , . la ttoral im c- summer ,
ex p e r i en c c - a  c-a - _ ic-me gr o w t h  ta - a -t~’,1rcj  the  a u t a , , a a ; m n  Sn ’- c - a sO f l  a nd Sr’ a n ’ a ’ O—  ‘1

t imes  become the  l ead ing  f o r m s  on ’ tic - - bi a - ’cc-_ iv- si s. c-a
In  -c-c- i n c - t n ’-r , however , i n f l u e n c e d  Dv as -d a l e  i c ’  or L a  r ’ -X

cess ively  low t e m p e r a t u r e s  at  e b b — t i  , ia -  , ‘.h a ’ c - a ds --u I a t i o m n s of
‘C t h a n , ’ , whose individuals have in ‘n c- -nc - o r a l  not  - a r t m a c a r c - l a r d
maturity, are a lmos t compl ete ly  d e s t r a - a~s - a-c - l , -,-. h il e  t he  rep re—
s e n t a t iv c - s -s of t he  c- :enera  - - - a , TI ,’ .

-
’ c - H a m , a c - c - 0 ‘ or

C-b a ;a : a  a ‘ c - n c - c - b egin  to p l ay  the l e a d i m ’ q n c - r i ’  e in hi dcn ,’ n s - a a - S  S .
The same may Ic- c - “ b s r ’-rved w n t h  c-, ’ ’ - ‘a -  “ ‘ a ’ s-n ‘ - ‘ - - a  i n  s - I c - c

Sec-n of Japan  l i t t o r a l  _ imn d in the  c o n t i n u a l ly fresheninn;
shoal w a t e r s .  The p l a n k t o n  larvae of these species are re-
produced a t the expe nse of sub li t toral popula t ion s c-in-c -n a i l i n g
in favorable conditions.

As is well—known (Thorson , 193 6, 1950; Mileikovskv ,
1971; and o t h e r s)  , many spec ies of ep ibioses in cold v n n t a - -r
have a direct development , which is evidence  of - n c - m n c t v p t c -
adaptation to existence under severe conditions vith at y en’ - .’
low c o n t e n t  of feeding subs tance in the  w a t e r  m s-a ss  d u r i n g
the g r e a t e r  p a r t  of the y e a r .

r ’tbvjous l y, species following t h i s  t v p c -n  of rcproduct mc -nm n
have a less n c -x t e n s i v e  d i s t r i bu t i o n  t h a n  t ln o ac ns- w i t h  a
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plankton i - kn , a s r ’  n l  da ve loj s-rnent ,  i n n  the n r ontogenesi s . Thus , a
n m n n m n n l a n . ’ n ’  of ‘ , a n ,’ i  t m c isa ‘al m a } a a - ( ’ n ( ’ s  of  b i v a l v e s , w h i c h  have  t bnn-
p l_ imn k t a - m n — 1 _ i n ’ v n I~’ i n d m - n a - -  a-n t m a - - i n  on i t o nj e n e s i s , ar-a s p ra a a r , l far
towa r d t i n n - nor t in and r n - a n - k m  t he D ez hn e v  Cape and the  i t e c - a u f o r t
Sr ’c-t , v i r i l e , i a c - i a i i n m , i  l - y  t m a - -  - i i c - t  n L b u t i o n  of g a st r o p o d s  of

a mjr ’ n m m a s  (de n t n k r , n v , 1963), w i n r a s e  y o u n g  i n d i v i d ua l s  do—
v c - l r, - : -  d i  n - - c- ’ t  ly t o m  l au t , t - n n n egg c - - a p s u l e s , t he  n o r t h e r n  border
O t  ‘a l m a ’  P_ i c - L I  I C  b c - a r ’ a - , a l  d i n t  r r n a t  l i e s  in the B e r i n g  Se- a m ’s - t he
south 01’ the Amm ~adyr Bay and N o n t, onn Sound B a y .  I t  is c h a r c - a e -—
t a -’-rm stic n t mobile on-lanisms (e.g. Amp hipoda — Gnarjaraova ,
1 9 1 , I’ z’,’- ’t c-nr t’,a , 1975; or tishes — An d r i ashev, 1939)  t h a t
ir s- -c - a- a - c- - f  i c - c - ’  o t  t h e i r  m a n n e r  of r e p r o d u c t i o n , t hey  have  a
‘ a r- c- - oh m _ it 1 _ i - m r c - i i s t n i t a m n t j o n  area t h a n  o r g a n i s m s  w i t h  cc—
str ir ,’ t c - - c - I a s r b i l m t y ,  - I c - t u r d  of a p e l a g i c  deve lopment  s t a g e .
‘L’his is - a~n ain st raki n g evidence of the vital importance of

h n -  p l a n k t o n - i _ i r~- ,a phase fo r  the  w i d e s t  d i s t r i b u t i o n  of - i n —
n - a m n i sms (~~i a h i n  t he  r a n g e  of y e n o t y p ic c h a r a c t e r i s t i c s ).

t i m  f o r m a t i o n  of floro—faunal comp lexes and their fur—
tl- - - r d i str il a nt ic- n , h i s t o r y ,  geography  and evo lu t i on  are
rc-’ t l r - c-’t u a l i n  t h e  c - - - n ’ a a a , n t i o n  of ’ ep ibioses  of the  upper  r e g i o n s
of the shelf a- n ‘h a -’- n o n t  s-or-stern part of the Pacific and the
1-~olar b a s i n , It is clea r c - i c - a t  b c-c -al specific populations
a nn - elr~’mn ar’nt _ i ry w ants , - .n’-m _ ini zing the floro—faunal comp lexes

a m a c - l  a he naCOsys ’ c- - ac - a t -,-.‘inich s - h a -’- ’7- compose.
- 1 - ‘ - - c - S a d  5[ ( ’r ~’o~a t i o n , c o n s i s t i n g  of a se r ies  of

g r ’ .a : l r a m l  c - ’ca ’. -n J c - ’c- ’ si s-  log ic -c -ni l an da p t~a t i o n s , f i r s t  on an o r g a n i s —
n c - c - i c -  1 - - c - - I , t h e m  -c - r n ‘issue , -..:a-a-llular and molecular levels of
or  ; a n i n ’ , a a  a - m a n n , - a m _ il a ’ i m , a m n q i f l r ;  f r o m  modificationary alterations
to - I c m n o t . V p L c - a I  a - n a n  a - ,anaization via selection at the molecular
l r r v c - 1  ( G o l ik o v , 197 ), ma c - mas t. have preceded the process of
,s- is t ribut i-a n on ‘,o n ’ a l  : , r a a a n a l , a t i o f l s  when condi tions became
‘.~reatlv cha n a a; n .’ a .l . is-c ‘ ac - n stury of the fauna formation of sep-
arate -nnraup s of marine benthic animals (Golikov , 1963; Kafa-
s-n ov , l9 ’74c- Sc- a n ’ l a t a a , Kafc-anov , 1975 ; Tzv etkova , 197 5 )  g ives
some ev idence  of the  f a c t  t h a t  the  process of species forma-
t i o n  v - m s  i r o l m a a : n - J  by excess ive  changes  in c l i m a t e  and by a
further formation ~~ corresponding water masses. A strict
c o r r -  l a t i o n  ia c- ’tawr ’urc- the  speciation and the changes of the
force and direction of phvsico—chemical factors , dete r m i n ing
the properties and distribution areas of the newly formed
g e n o ty p o s , o f f e r s  an opportunity to reconstruct in space and
time the specific evolution of organisms even when their
fossils are totall y absent (Golikov , Tzve tkova , 1972).

The rearrangement of the interlocked DNA , RNA and pro-
tein synthesis and the change in primary structure and fer-
mentation activity of proteins , corresponding to the changes
which called forth speciation , must have occurred simultane-
ousl y a nd in  the same way in every species inhabiting a cer-
tain area when they experienced the influence of the same

~actors i n d u c i n g  speciation . Besides , species of different
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an ’s-st c - s - m a t  j c  groups h~~t’n ’  s i m i l a r ly ,- t n - ’ a n n- ed t ha-n a n’ c o n d i t i o n
n r - ~, ; i a i n ’ r ’ m a nr - n n f s , s n - c - u n  ing  ‘a a n n n r - ’ , ’s~~t u l  r ’ - p l i c a t  i a - n r a  - - a he rn ’di—

- n r \ ’  c - a r ’ - r ~ r e r t  i a - m a  i n c - - c c - c-t m _ i a  y n t - n  r ’ ’ n - m  u r I t n , ’ c -  m a n  p m ( - - ‘ ( ‘ S c - c - S .
,‘nc - ’c-” m’ a- ii i n c - ; 1s-’ , the na n -w i  y i n  n c - an - c - I  a a ~ a c ’r  n c - -S  of  ler c-n ann d fauna

a a n a ’  I a - n d Lflq t hose i - n - i o n s - ’; r i n g  t ‘ - di  ‘a ‘a - - n  - ‘ n .  - , - F m i  1 ( ‘ n (j c - ’ n n n iC
I - s - n i n a - - a m a - - s  o l t l a n d  , a ~s- I n ’ , a m n n a l  r l a - - V ( ’ l ( s-~- n m m ( ’ m n t  , a nd  t o  di I f - r n ,- n , t
i c - a n - a - ’ t . a a - n a - . m a 5 )  , h _ i s - i n c - c - ;  t a n  m’c nm c - nmnn c - n  t b -  t i m e  - a n n d  ; - l a c e  s-~- i c - - n and

w i n c - - r a ’ t h a ’s - ’ s-’, - ,  t r a n s - n a t - c -I , c - a - ’ a - i ma n s - c l  n c - a - m i t e  ‘ ‘ ( r n a I . , a n ’n i a [ e  d ist  r i b s - —
t c - r a i n  ; n c - s a - n a - i ml i t  m n - s .  Ann  c-n a esu i t  , mod ern s t - n c - c ’  ic --s , be longing
t a a  d i f t  c - n c - a t  bn m l .o qem a c--t ~c subda-’a’i smons , havc -’- forna a-d ani. ~j e - c —
t i ’s-c i n i o q n ’ u n c - r a c - a h a - i c ’c - a l  a ’ a e r n p s .  The d i a c - t r i b u t i o n  of a - n i . a n ’ fn

-a”  - c - m i s of ’ c - pc - c m -s c o i n c i de_ i  w m  Lb t b n e -  a i r - a s  of ‘ n i - s n - c - a t  — o a y
b I c- a ,b’( a - c -  a ’c - m i ~ i s - in oa 1 regions and at t a - a n  corr e s ;ao n nn lmm t s - r the p a s s -  —

Lions a t ’ c - i c -- f j n i t a - ’  water n ’s -a s se s .
The forn iati-a -m n and future’ distribut n o r m  of species  wa s

n ltnsel n ’ ‘urn s-a cted with the position of the level -s-r i t h n o
a,~;a ~ r 1d a a cean (Lindberq, 1948 , 1955 , 1974); its large ;a.-ohy—
, aa ’ - - r ’ a ’,atic variations have usually aao in n c idea ’l with g lobal cli—

n a a _ i  ‘ac - c h a i n s - - i n ’s arc - a - i with changes in the ‘a b ’n n- rm-al wc-i t, or r e -a-; i m an s - .
c - c a -  has--c - ‘ - : .a ’ry reason to a s s u r a n r r  that stenobiontic s~~r- c - l os
wit I .  a nc -m s- l a n a - v  t o l e r a n c e  range  have b -a - - e s -n  formed and have dis-
tributed themselves (simultaneously within phil ogenc - :tic-onbly
a a h i f t e n i n g  spec i e s )  d u r i n g  p o ni o d s  of ocean regression , while
a- ’ a m r y b i o n t i c  spec ies  w i t h  a cons ide rab l e  t au b e r a n c e  r ange  w e r e -

m~- a r m a n c - ’ c - i  d u n i r m c - ;  p er i o d s  of ocean transgressao r- when n c - b ,,” sea
shoals with variable hydrological regime occup ied vast areas
of m a . a d n ’rn  land (Golikov , 1974)

The history of the fauna formation of different systn ,- na-a-
at .ic groups of organisms shows that the most n t w e r f u l  out-
ic - n - c-s-ks - f  speciration took place at tic -a-a time of c-la-mate—cool—
is-a - .;. It  is ol interest to n o t e  t h a t  in cold and  t e m p e r a t e
n-s -am ters , formed during the Cenozoic period n-c-hens - the tempera—
t a c -ure  s - a - m s  f a l l i ng , t h o s e  l a r g e  p h i b o g e n r a s - L c - a a’ g r a u m i s  of organ-
isms which had originated during the periods of planetary
clim ate-cooling in the preceding geological epochs , attained
t i n e  g r e a t e s t  q u a n t i t a t i v e  d e v e l a a r n n r , a n n t  (G o l i k o v,  1975)  . For
instance , the  late C a r b o n i c — P or m i a n  c a t a s t r o p h i c  temperature
minimum (which occurred c - a U ’ s - u t  250 million years ago) re—
s u l t e d  in the  f o r m a t i o n  of t he  a ’i r s t  r ep r e s e n t a t i v e s  of a
series of systematic ;roa-nps of a large tc -n> a-aa-no mc - .tc order a

(P e r a car i d a  isopoda , Amphi poda and o the r s , a number  of Bry—
ozoa groups , ic-t o l lusca , e t c . ) ,  whose descendants  la ter  in the
Cenozoic port al developed in v a st  quantities simultaneously
in the  cold and t empera te  w a t e r s  of both hemisphe res.  In

• the ecosystems of tropical and subtropical waters , howev er ,
any existing representatives of the same groups have formed
very small biomasses . This phenomenon may be accounted for
by the formation of special enzymes which come into exis-
tence at , low temperatures and constitute the basis of cer-
tain p hi l r n a c - r,a- n na-tic lines of species formation . These enzymes  a
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~a n c - ’ a a s - n s t  a c t i v e  u n  the  d a - ’ n n c - a -’n n d c - a n t  a .  on t im -~a;o spec’ t es a n ~ n~ ‘ I s -
wat ens , since tiney n annd n , -r go a c - j n  c - n a - - t a - n c -  ac - c - ap p r 0 c - c - i U c - n  n t  X e ’
t ins-ely i a - ic - n h tempo s-c-at c -n c --s.

One c- c- an sujs-po sa-- that species of c c -pm bia c-aases , ‘c - c - , a - - aU fi n c-c- ’,
a - I ” i c - - m a - c - c - a d  t he a - l a - i c -c- - ct  i n n  l a s - a c - m a c - a - -  0 1 c - I c - n a ,  a c - n .J - . ‘ - , n a - , n i t  ion

t r r s - c -, r c - - , a r r a n n c - n n a c - i  t h emse lves  c-at a n : u a c : - a n - m  r ,t ’ c-a t I c - n in t ’ .~ ,,m ,c-n

~ l a - ’c- Lo s , w h i c t a n  have , t ’ a  ,n c- ’ n ’ n t c - a i n  n ’ x t e a m a t  , i,c - n ,, -n , - c - s -  ~~n s -t e Ct n.a s -  ‘a ,, , ’

t I c - c -’ m m  c - c - r c — c - u a i c - ii t ions 01 t he  g r o u n d
The  f o r m a t i o n  01, e p i b i o s e s , c o l n s t i t c - u t i n , -;  r i m ’ s -  l i v s - n ’n ;

ic- ,t s is  of thai -c-’ ~s- .-n a c -c- y a n t a -~m n n . f o i l s - n w -  i t in -, - f o r m a ,, ,a t u o m ’~ ot  L a e - s - c -
s - a c - a l a - i c  c-J coups c - n -~i c - c - g u _ i t e  ‘, o the  cia -v n c on s - c - a c - -m m t ; t h e y  s-er r —~ - - r : a , n, c-I

t h r o u g h . ‘aa — a a i _ i p t at io n  .,, n m n c - l  i n t eg r a f ion o n  i - , , - , ’ , a l  a p u l : t i cn s
ot c -p ec -’aies w i t h  s i m i l a r  en v i r o n m e n t n l  re,- ’ ,n c - a i r - , :an s- n t s .  Sp ec ie s
w i t h  - , l i f f e r e n t  a c - a u r o l n e n t u n c t i o n a l  ac -n d p h y s i o i a a q i c a l  p r o p e r t i e s
f - - s - :ma cd p o p u l a t i o n s  on - d i f f e re n t  typ e s  of yxa nc-a ’c-nnd ,_ i nna .l u t ~ dc-i—
f e r t , 1~, ’-p t h s , a r r a n g in g  t hemse lv es  in in t c - ca r c-c- h s - n a - J i m a - a  l s - m ; -~- r s
w h t c h  were  somet imes  of c o n s s - a t n a n ’ ab l e  n n a x t c - a c - n t .

As  ,a rule , the c- , n r o ” na ss of s - c i b a - - a - c - i s  t a r s - n a t i o n  on
~j n o c - n n c -’i a ,I c -’ V O i- i  O t  l i v i n g  c r r a d m n n s a n m s  b a - a , i ian S w i t h  the  s e t t l r m n . ;
of small ana -J as-rirnit a-ve organis :-s (a bemc - t a-n ial p’:.- llicle ,
a a n a -” i o b e n tu c  .r s - ; - , a n is s -n s  f o l l o w e d  b y a l , g a l - s- a- -s -wt , h , ea r  ra : , - ,, ’, .; j n

n ’ c - J n - n i - .i gr o w s - h ) .  Then , de p e n d i n g  upon t h e  s u r n a c n i r a d m n y
phys ic-a— c-hem ~.‘.a I c - a c - n c - i  b io topic e n v i r o n m e n t , in the’ ~

,-rcsea ,ce
of h i o l r a  m c over  y m ’ s-oth  . a I r o c -ad y fo rmed , 1_ i r s - - a - c ’  p r c d o r a n a s - a - - a - m : i ’
of C i r r  iped a n , G a s t r o : , o - ,i, ’a , U r v a l v i a  - a n a a d  P c - na - l -a-- ch a e t a  of tm a e
;‘ a a ’ n i i i € ’ s Se n o u l i d a e or Sabe l l idae, s-e~~in  s i n k i n g  toward  the ’
b iotopn c-a .

i n  the  a m a _ i j o r s - t y  of cases , spec ies taop’c-m l k at i on s  of suf-
f i c~~~’a - a a t a  i -: l ar g ’. ,- r  5 t Z o  3na ’T weight ‘c-h n aa: ic- f o r m  t i n e  b iolog ical
back gr o u n d of the  whole  b i o t c p n c - -  p lay  the -  d o m in a n t  p a r t  in
e p m ~i’c - i o s es , w h e n  a f t e r  a t e m p o r a r y  sa ,a na,a ccass ion  t h n ca y c- r nta - c -r t h e
c Ia - n ’ s - ax s t a t e .  Besides , the  o p t i m u m  of b io log icc-a l f a ,c - n c t i c n , s
in p o p u l a t i o n s  is a t t a i n e d  by cc-ac-h spec ies s-na der cond~~t a --,ac-s
sim i l a r  to those of thei r priaa.c - a -na ’ y adaptation , tic-ned to ‘nc- h-,,
f o r a c - a a t i o n  of t h e i r  gacretic fumc - a - i .

Background-forming species at certain c-i n c - c -p th S  in - a c - c - h t , r a ’ n _ i l
conditions (for their genetic fund) acquire their gre_ it-s-sr
energetic ; ownar r  and f o r m  the bas is  fo r  c o r r e s p o n d i a n q  ecosys-
tems , while other organisms join throug h co-adaptatian with
the leading forms , or by en ter in g st i l l  u nocc up ied ecolo,ni-
cal  n i c h e s .  For examp le , i c - n  t i c - c - a  S-a -a of Japan the bac k -n r a -c - c-nd
f o r m i n g  species  of b iva lve s , Cz ’ c-c- - c - , - .’- , - r  I l a n s- , n .- - a c- s - n m~n~

, c- , has t i n e
hi ghes t popu lation densi ty and the heaviest biomass (up to
40 kg/rn 2) in the Bay of Peter the Great at a depth of 2-11
(sometim ’c-s 2 0 )  meters ; at such c- i  _ i t h s  they  often form solid
a g g r e g a t i o n s  and become the l ead ing  f o r m s  in ep ib ioses , not
on ly rocky grounds , bu t also some t imes on sil ted grounds.

In the Tartar Bay, where the water tom -I-c-n ature in c-us-a-
rne’n is , on t he  average , lower t h a n  the optima l temperature
for this species , - -

. J n ” s - - a ,- ’ a ’~~-- is rarely fo und and y ields the
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leading In c-art in ecosystems to other orgarn i sms . Another
backqround—t’ormina-;, more warm water species , (,‘ - i c - - - ’ - ‘ - ‘ s- ’ -a-

“ a r c - , forms ecosystems in t b a r  y r - s t - m n pc-a r t of tln s- Sea of
Japan a-c-xc-lusively in well-protected bays , w h i c h  c - a n n a  s u n —
w , a n m a n a- ’nI  i n  the summer , c- and is tat~a 1l y absent along open
coasts. C. m ” a : c -  may have spread themselves t owc- rd the
north and penetrated into remote , well-protected districts
d u r i n g  ~s-eniods  of c l i m a t e — w a r m i n g  in  f o r m e r  r’j en’nlog ical
epochs (Golikov , Sca r l a to , 1967;  and o t h e r s ) .  As the back-
a-; r -~ u c -c - d —  In ’s - i n n i n g  c - p r - c - l O S  en It en f i  c - rd favorable s- n ‘p~’oclucti on an d
development conditions in districts of water areas remote
t ’ rom each o the r , one can o f t e n  observe a c e r t a i n  irnte-rzona-
t i o n  in the  d i s t r i b u t i o n  of ecosystems which is also re-
flected in the biogeographic-al aqua s-_ is -ia r -gioning (Golikov ,
Scan l ato , 1968; and others). In epib ses with leading
back g r o u n d — t o r a n m n c - c -  s p e c i e s , t h e  to t a l  number  of species ,
p o p u l a t i o n  d e n s i t s - -  and b iomass  are  c o n s i d e r a b ly h i g h e r  s -h a n
in biocenoses  w h e r e  t in ” l e a d i n g  ro le  is p l ayed  by species
w h i c h  o f f e r  no r e f un ; e  or ‘a ’ a ’ c ’a - l i ng  m a t , -, - rial for other animals
( Fi g s .  1, 2 ) .

Here , in  b r i e f , is the-  h i st ’a s - i ’  of the  f o r m a t i o n  of bio-
ge og r ap h i c - a l  f l- r s - -- -l i n ac - and c -c - nc -’ms -lexes in cold and temperate
w a t e r s  o f  a U - - n c - _ i s -’ h r - n r c -  h e m i s n .-! ne c -’ e nac - mc - i the  h i s t o r y  of modern
e r ib i o s e s  1 - a r m a ~ ion or , t i n ’ -  h i s -  is on ’ t he  f o s - r a . r - r .

F i - s - a r ’ - 3 a c - c - a vs ron3ec- a s - c - a l  c en t e r s  of ori g i n  of f l o r o —
f a u n : a l c o r a ; a l e x n a s , - c - inc - I ‘ he .anc m , - n s -  and  modern  w ane s  of d i s t r i —
but  i o n s -  a t  ~ h ’ - s j - c - c  c - a - - s  a~ r’nn- i c - , a s  in - ;  - hem . b ’a, ’r , r ’ -t . s - c - n c i r s - a n  the
f o r r n c - n t r -.aa c - u c-as-m s-- l o x ’s,  t i n ’ -  c - a u - a  c - s  u s c - a l  the  eco logica l
p r i n c i c -~l -  c - I  e’,’ o l ’ . t i  a . a i i  - ‘a’ ‘ ruct ’ m r - n s  on the basis of a
kr c - . - ’,c- a e ’ c - h a ne ’ a-, ’ c--co lc s-a ;y As - s-,a-~ c - u S t c - a b u t  ion of ne - ,._i,’n t bioac - r nc -o—
- g r a p h i c  g s -  a a s a r , “ a o1 i~~ s-’ , Tn ’:- - -a ava , 1 9 7 2 ) .

Da’  c-i mis - c - c - a l - - a l a-i i c - c -  p - u r n  a t  a nna - as  a l l ay  us to imag ine
more or less c l e , n r ~~ ~~~

- - a~~~~~’rc - , DI clima tic changes in the
rc --a a r t h - - c -’ rn innc - ’rnm i s c - n~’r- ~~~ . ‘ ‘~ i ‘ s - a -’- I a s ’ n  - ‘a eo l o n a - c a l  epochs.
i’ai I n a o J c - ” n g r a c - a s - ’ ;  ~: c - ’’ - c - n c -  ta .rns - is phern ’ is also well—
krc-ow rn . ‘the pc-a Ia- ’aqn , ’- c-s--ai r io n ic - i t  ‘ -rn of the nc’a:om s-t geological
past c- c -na - r i . - snaaa o ’ ssta ...’.’ s ~ c-~~- a l  a-c- ’.’ c-analyses of t he  geo—
gr aph c - a ”ai l i s t n m n  ,

~ n o n  ,,.n r-’e -n s r -- c - c - i c’ s. bc - a  can consider
as ar c - ox nra ;. te ‘ no to-cs-as-is’ r’ .~ ‘ ‘  a - a s - ,  o t a  a-me a,uarte’n s - ,’n s-’a ’ geolog i-
cal  h i s ’ a - ry  by c - n a - - i n s -  c c - I  ‘ a n n - a- - c - n _ i - c -  s - aj s -h i c a l  r n ’ a a t h  ‘a-h ( L i n d —
b’’r~~, I’n ’3 5, 19 7 2 n .

J s - c - n p l ic a  i on n_it he s - - s - a l ’  n a - c - al s - a r - t h o d  is based u c - a c r m c -  the
very c lo se  -a le -pc - -n -b -n c ’- of t h e  les- -e lopment  of recent  t i a r a s
and faunas upon ‘he hi ‘ ory of climatic changes in any part
of the  E a r t h .  T h i s  -i rn-i c c - c - c-c - is determined by the decisive
i n f l u e n c e  of j s - h y s i a _ i 1 — c h ” n i c a l  f a c t o r s  on processes of
speciation and tn - n r n a i t  t o n  of faunas and also on their subse-
quen t dispersal. Therefa ’ rnn - , t h e  juxtaposition of ecologic_il
data (first ot a l l , those on thermopathy ) and dat’s- on the
dis tribution of recent species w i t h  information on climatic

f-i
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Number of th e  dorn unan t spec ues
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Fig. 1. The general number of species in biocenoc-tos versus
the number of leading species and the presence or absence of
background—forming species (1) in the Possjet Bay, Sea of
Japan. The ordinate value corresponds to the number of
leading species in a biocenosis; the abscissa value shows
the general number of species.

Numfer o~’ the domtnant species
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Fig . 2. The general biomass in biocenoses versus the number
of leading species and the presence or absence of background—
form ing species (1). The ordinate value shows the number of
l e a d i n g  species in a bioceriosis;  the abscissa shows the bio-
mass  (B ) in g/m 2 in a logar ithmic scale.
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Fi g .  3. Centers of origin (1) , the a n c i e n t  ( 2 )  and modern
(3) dis tribution pat hways of d i f ferent biogeographic-al
f loro-faunal complexes of species in cold and t empera t e
waters of the northern hemisp here as r e l a t ed  to geohydro-
cratic alterations of the ocean level in different geologi-
c-c-a l epochs. I - Pacific Asiatic subtropical species (early

~-1iocene , regression) . I I  — Meditnc-arranean-Lusitanian sub-
trop ical species (early Mica - c - r n ’s-ne, regression). III — Pacific
widel y c--listributed boreal species ( mi , cidi.e :-Iioc’ene, bc--ac-c - in—
fling of transgression) . IV - Pac i f ic Asia tic widely d is—
tributes-I species (late Miocene , beg inning of roa ression) and
Pacific high boreal species ( mi -c-idle Miocene , beg inni ng of
transgression) . V — Pacific Asiat ic low bore al spec ies
(ea rly Pliocene , regression). VI - P a c i f i c  Amer i can  w i d e l y
distributed horeal species (late Miocene , beg inning of
regression). VII — Pacific American low horeal species
( ea r l y P liocene , regression) . VIII — Atlantic widely dis-
tributed boreal species (late Pliocene , transgressio n ) , and
A t la nt ic hi gh bo real species (la te Plioce ne , transgression)

- European widely distributed boreal species (n , a - i .,ia ii e
Pliocene , transgress ion)  and Europea n hi gh bo real species
( P l e is tocene , next to last transgression) . X - European low
bcr ea l species (la te  P liocene , transgression ) . X I — Boreal
arctic species , Pac i f ic by ori gin (la te Pl ioc ene , transgres-
sion ) . X I I  a ,b — Arc tic and west arc tic w idel y d is tr ibu ted
species (earl y Pleistocene , regression). XIII a ,b — Estu—
an ne arct ic species (Ple istocene , transgression) . XI V —

Glac ia l  Okho tsk Sea Spec ies (P le istocene, ultimate stage of
regress ion) . XV — Eas t arc tic spec ies (Pleistocene , regres-
sion)
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and p a l e o g e o g r a p h i c  h i s t o r y  a ll rw s- us to a m a , a r l  h a - ’  a n n
cal n ’n n v i r o n m e n t  w h i c h  was i n m h n  a l - a t  a - -h Lay t i n e - a - n ’ -  m ;p er c a - es  in t i n s - c -
past  c-m a-i d to s-r ace  w a y s  of th ~’ i  s- p O 5 S I  l a t e  n l j ~~ ’ r m l .- n , t  L o i n .  ‘ ib is
an a l y s i s  also a 1 lows us t en a d a  a a -  ye a-n (~’n -- n - m m  - a - a  - r f  t i n a -  a c - n a  1. a h , a le
t ime and p l c - i c - c -  of o r i g in of t i n , - a a l a n - r , ’ n n . ’ S i n  n c - m a n - S t  a - cn n .

S u b t r o p i c a l  by o r i g in  and Si , b t  a a d a - C a l  — b e , x  s-’ c - a l  by a r --c - a ,
c h a r a c ter  species  w h i c h  o r i g i r n a t . a- ’d d n a  a l a ;  t in - - b a - ’ r ; i n n i c - n _ i  oh
the  M io c - a - :r a - e  ( ab o u t  25 m i l l  ion y~ - c - n r a a -  c - a g a - ) in  t h e  I’ ’ - - ; ie rc - ,  a - c - c - , n, - r n a
the Japan Islands are now situated -are t ine - most c-a r,a:ia - c -r,t com-
ponents  of modern  ecosystems ( I )

The low level  of t he  ocean ,a t  t h a t  t i nc - me - am e n  s - l i e  , , a , , a - n - - n ,
a of s t r i c t  hydro log ical  b a - n r a - h e r s  i_ i. ’t , w n ’ a -a ’ n ,  w , a t ’ n ,-r s  w a s h i n g  t

coasts  of As ia  a t  la t  is -ur ic -s from Japan to ‘h e  Ber a r c - a - ;  l , ~ c - a
might have stimulated a w i d e  d i s t r i b u t i o n  of t he se  Sj ’s - ’ c - l s - ’c -.
A f t e r  f u r t h e r  c l i m a t i c-  coo l ing , these species d ia - c - - ap p a - -- c-oa’-d
from aquatoria with unsui tais -le temperature - s - n.- i s - - a ’S , b - .a - t- sur-
vived and until the present w a - ar c -  d o m i n a n t  in ep i b i r s - s e s  ira
p ro tec ted  bays  of t he  Se-a of J a p a n , t he  s o u t h e r n  a - a n t  of t h r .a

Okhotsk Sea , northern Japan and the soutc-I’nern ’c- K u r i l  I s l a n d s ,
which am ’ s-c- well—warmed in Summer. i- a n ’  a ’ a ’ n a i - ” ~~’ - n i -a i n  t i n e
littoral and species of i-’ - a - l ’ , ; a a - m” n ’ a a - ’t - ’ genera , a ’ s- ’  a ’ ’ a - a c - c - s - ’- a a : ‘ a - _ i a
and  some o t h e r s  in the  shoals  and s u b l i t t o r a l  are exaaar; .-1 e - c --a
of such species .

A t  the sc -a c- c - nc time or at  a somewhat  l c - i t e r  pe r iod , i n  ‘ he
s - a - -n- c- a- ant of t he  Tet i s  Sea , the  A t l a n t i c  sub t rop ical si ec-ics
( I I )  were’ being formed; some of them later spread toward
low boreal waters and composed the shoal ecosystems a1a ’~rnaa
the coasts of France , Eng land and Gn a s -m ua n c - y .

The t e n m a p e - r a t u r e  d rop  during the second hal f of L i n e -  V
cene ( 15 to 20 m i l l i o n  years  ago) resulted in the formation
of the corresponding widely spread borcal. Pacific spec-ion
a considerable part of them hold the leadin c--~ role at presEnt
in the epibioses of the shelf and bathyal on both the A c - a - a n
an n _ i l, Amer ican coasts of the P ac if ic , or are parts of ecosys—
ten-ms with other dominant species. The fern- c- nt i - -nc -  of these
species might have taken place in the southern part of tins--
Bering Sea (III), while their wide distr il ant , a - - -c - ’. s -nay l a a - ’  ac—
counted for by the comparatively egual i ’,’:c-iroi ac-- :ical co_id i-
tions in the Pacific up to the latitaa n,le- of 38— 39° N at  the
middle of the Miocene. Later , when the waiter regi s-ac- 01 t i ’s-c-
northern and southern parts of this aquatorium became
strictly d i f f e ren t , these species either changed s - i a - e t c  re- —
p n-_ iduction periods or survi’- nc-ml at considerable de l-th e .
a - a  n - ‘ , - - ‘ - , c- -

, nc- “ as - , a ~;, ‘ c - a , a - r.’ n , n  ? a ,  a a a I I a’ I’ ’ , — / c - n , ’ s- - c-~ a’ , - , —

f o r ’ s- a k s - - ’ ’ ’ ca , .‘- .‘ - I c -’ “a c - n  - a l e  ‘ a c - , , , a - , ’ m c -  ,“- and othe rs may
serve as examples of species in this biogeographic-al qx-aa-up,
p l a y i n g  the  l e a d i n g  ro l e  in  ep ib ioses  and f o r m i n g  sc-n’ecies
assoc ic-a t ions.

In  t he  Sea of J , n c - ,r a n , w i d e l y d i s t r i i n - a - n t -, ’a - i borea l  l’ ac i~~Lc
Species f- a n na intermittant associations onl y on open coas ts

a
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i n  r e l a t i v e l y  cool w c-i t . a - ’ r s , w h i l c ’  f u r t h e r  to t h e  n o r t h  t hey
as-,’ more commonly t he  J n - c - a d i n q  f o rms  in  epi bion:n e-a-n in pro—
t r ’ a- ’ t n ’n h districts.

The growth o f ’ a dnf f a -’ne nnc a - ’ in the hydrological rec;ime
01 Asian and American coastal waters and the great depths
which were formed in the southwestern part 01 the Bering Sea
caused a c - l i ft’a-- ra c-ntiation within Asian and American coastal
boreal species , which were formed correspondingl y at c-ither
Ka mchatka  ( I V )  or A l a s k a n  coasts  ( V I )

Some of these species a re , at p resen t , the  l e a d i n g  forms
of a series of shoal ep ibioses ( a l o , ” a -~~’ n - L t a ’

~~ (n a n an a a l / a c ’ a a - n , Zr_i’—
a -  n - . a  m n - : ti. ’a , a N n / /  I n - c - -  i - a a l l  — / t - a / n a - c- , etc.), while others
h,’a~”c-’ formed common secondary components of ecosystems with
dominant species of a different genesis.

In  the  la te  M i o c e n e  ( abou t  10 m i l l i o n  yea r s  ago)  due  to
the progressive decrease in temperature , a large difference
ira newly—formed hydrolog ical conditions established a border
between the upper boreal and lower boia’eal waters of the
Pacific , which caused , at the very end of the Miocene or at
the beginning of the Pliocene , the formation of high boreal
Pacific species at the southeastern Kamchatka coasts (IV)
and the formation of Asian low boreal species at the point
where Southern Sakhalin and Hokkaido are presently situated
(V).

At approximately the same time , coastal American low
boreal species sprang into existence alan-a ; n o r t h e rn  California
(VII). Due to their unequal genotyp ical tolerance , caused
by conditions under which they originated , hig h boreal  and
low boreal species were unable to spread themselves beyond
the borders of the corresponding sub—reg ions. In epibioses
of the shelf in the coastal Asian low boreal waters , such
background—forming species as / , n ”a a’ n ,- a r I ’ a ’ ,’ ‘ a n ’  o n / c - - a , L. - ‘:. ‘;ao .- - ’-
a, a an ’c-as , Cm ’ a- -n. r’a ’, f i l  s - a r  a - i - - n a  :a-a as- .s- , a ’1.’ a~~n l Ol l n c - c -  dI N’ - “i -a ’ , ’ and others
are usually the dominain t species , whi l e in hig h boreal wa-
ters the lead ing role  is p layed by A / ; , n ’a ’ n , a ’ n’ ’t , n a a ’ c-as - 1 I. ’ I n -

an  - a a”a’ on “ a ’ P s - - - ; , . ’ , ’ .”a. m , Ch i c - s - rn / a-c- len a - . ’ ’ a - - ’n’an u c - ,  !s- . : ! , c - a - c -m~ a ‘as -a’ .’ ‘‘ na ’

and others.
A mi ;hly ocean transgression in the second half of the

Pliocene caused a series of eurybiontic representatives of
the boreal  P a c i f i c  f lora and f a u n a  to m igr ate th rough the
northern part of Canada , which was covered w ith wa ter ,
toward the North Atlantic. At that time , the boreal hydro-
log ical reg ime establ ished itself in the Nor th Atlan tic and
an or i ginal boreal Atlantic species was formed. It was pre-
dominantly composed of immigra nts from the Pac if i c , re-formed
into pecul iar species (mo re seldom into subspec ies ) on the
coasts of America (VIII) or Europe (IX ,X). The smaller part
of the species was formed along the coasts of Europe from
local Tet is  and Para tetis genetic elemen ts (species of
;- ,-“. - - a r_iac- genera , Tr i ’a a’a and others).
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R ep r e se in t a t  ives  of - - ‘ a , ’ , [, : “ . a ’ s- ,- s - :  a , s- - 
I ‘ ‘ .“ 

‘
‘a c - and

o ther  c - ; a - - n a -’ra d o m i n a t e  in  ep ib i a r n a - n ’ a a  of the s i a r , a - ,~ ls I c - a  naa , ann ’a-’
p a r t s  of t he  A t l a n t i c  b e a n - a l  s - n - r ; i o n .

A c o n s i d e r a b l e  p r ogr e ss i ve  coo l ing  t. ’ a ’. v n r d  i n n -  end o~the  P t  iuc’ - -ne- (2.5—3 mill ion years ago )  , wh i s--h r a- a a a a  i t e - e n  in
s-l ie f o r m a t h n n n  of g l a c i e r s  in Greenland , Iceland and ‘ h a - ’
Bering Sec-a Islands (Einarsson , Hopkins , Doel l , l~~

(a7; , n nna .I
others) and in a c o n s i d e r c - n b I n c -  drop in wa-i t - -r  t n -nc - a nn - na t ur ’- ,

a must  Ia - ave put an end to the mi g r a t i o n  of t he -  s - - h  - “a t  i v, ’  I y v a n  n ’ a

w a t e r  bo a -n ea t  f a u r n a f r o m  t i n s - ’  P a c i f i c  to the  At La -nat ic . 13e-—
tween t h e -  P l iocern e and the  P l e i s t o c e n e, t h e  n s- o - ;r e s s i v e  t n - d c - a—
p e r a t u r e  drop led to the  f o r m a t i o n  of borea l a r c- t i c  spec- in ’s
in  t he  n o r t h e r n  ;s -a ar t  of the  B e r i n g  Sea , w h i c h  were  P a c i f i c
by orig in (VI), and in the B ar e n t s  Sea , w h i c h  wa- -re- !, t l a n ti c
by origin (XII). These species had an opportunit y ten dis-
tribute themselves widely across the whole Arctic Ocean; in ’
relatively cool elitoral waters they joined the bor’.-al ep i —
bioses of the Paci f ic and , to a lesser degree , - f  the Atlan—
tic Ocean. Separate reals-resentatives of /c- an ,, ; 1 . a - t n  a- ,
‘- na- c- a , a a O . a s - , ‘a” -  a / a - ,na c - genera and others dominate in a series of
epibioses in arctic and high boreal waters.

The regression of the ocean , which started at the be-
ginning of the Pleistocene (1.8—1 million years ago)
strictly diminished the entrance of the North Atlantic warm
stream to the coasts of northern Europe . This may have been
the most important cause of the extensive freezing in the
high Atlantic coastal latitudes during the Pleistocene. The
hypothetical Thule mountain ridge that may have connected
America , Greenla nd , Icel and and Eu rope a t the po in t whe re
northern England and western Norway are now situated , and
which  supposedly towered above the wa ter , might have for med
an unsurpassab le  b a r r i e r  f o r  the Gu lf s t ream .

Howev er , a d r yla n d  bridge between Europe and America ,
w h i c h  appeared more tha n once , could onl y have occurred at a
time when the ocean was regressing more excessively in the
Neogene than many -c-authors believed .

Such geolog ical data as the fall in depth and the hol-
low format ion in the early Pleistocene in many reg ions of
the V’or ld Ocean (probabl y including the depths of the Polar
Basin) and the fo rmation of the basins , capable of contain-
ing vast water masses , as wel l  as paleontologica l  data
(Saks , 1953; Kotenov , 1970; and o thers) o f f e r a p o s s i b i l ity
fo r the hypothesis that the ocean leve l during this period
was 500 meters lower than the modern ocean level.

The increase of freezing in the Pola r Basi n and the
fo rma tion of the high arctic water mass with temperatures
under ze ro during the whole year resulted in the fo rmat ion
of the arctic species in this basin; they are endemic in the
Po la r  region , but originated f rom surviving boreal arc tic
species .  Biogeographic-al and paleontolog ical da ta (Saks

5n )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ - - ‘a ~~~~~ a,

The’ r ’ , ; u l t a n  o f  g e - n a ’ ’  Ic c- -a t  a d io s  c o n ’ i a a a ’ t , a ’d  on fno ,al anq 
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L ’)-bl ; - c - a ir ’ ‘ a c - a ’ , ’ , - a , 1 ~~57 , 1970;  ‘I’o l ma c hev , ‘I’u r t z e v ,  1970 ; hr - I ikov
a • , l~~ 7-~ ; a-nd o t h e r s )  9 i - I & n  evidence of the fact thata a - a t

t he t i m e  oh ’ th e  s-- c- a t  l v  P i e  istnocac -~ne regression the A r n , c- t le
a- c- c- - a - - a n  c - i t  the po in t  of t h a - ’  N o v n s - m - a i b i a a sk y Is lands was divided
by he Lomonosov R i d g c a  t a - a - w a - s - i r a q  over  t in s -c- w a t a - ’r  . As a rca—
c - a a l t  , one E - , n n  t a n f  s - h a - ’  a r c - a t  ic specan ’-s or i g i n a c - a ta e- a-h in the  west-
e r n  p a r t  - en t t n c - ’ l o l c - a r i l , a c - i n a  ( X I I ) ,  ,a nd thn- other , in t in e -
c- - a s t e r n  p ar t  (N’,’) . In the majority of arctic a~~ c- a -h i o s c ’s ,

n r c -t i c  n a - p c - -k ’ i a - c - s  do no t  r o r m  l a rge  b i e a m r , a a - a a a a ’ s  and y i e l d  the
l r ’ , a d  a - tic - ; r ’r a-a t a - n  the inn s-r ea l  , a -r ctj c :  sp a - c - i a - - a ’. h io a- ;a - -c - ’n c - r , in  some
e~~ibioses nrc - c - c -a - a s - r i  n i en in  upper  a r c t i c  w a t e r s , such s - a l _ n c - c  ics as
a-N n - n  ,‘ ,. , a - a - -  , ,a- I’ ‘ n a - a -

- - c- s- ,c - , Z , a - -, - - a’ a i r s - ; a” c-~ j’ na - a c -  is- ‘ - - - s - c  ,~~, ‘ a - —

-c-a c - - , n- I n ‘ c- 
‘ “a h , ; , n n ,  [ - ‘ a c - n e- as-a , Cn - i . O [ - C ~ “ - ‘1 ,- a ’ a -~ 1- , a and ( c - t h i a - c - r S

a a c - c -c ’ n a p y  t h i n . - donminann t position .
The a n -c t  ic ng l c - a c - i c - al O k h o t s k  Sea S p a -c - c ies  (Xlv) ra . aa-y h a - a c - c

orig inated t owc - i rd  the end of the  m e n t i o n e d  ocean r a - a er e s s ion ,
in the hollow of the  western ja-art of the Okhotsk Sea formed
at t h a t  t a - s - am a -- . F u r t in e r m o r e , these  species have not  developed
c - i c - md c-i n st ribut e - n,I to a great degree and in spite of their con-
siderable diversity, they occupy only a subordinate- place in
the g r e a t e r  part of the Okhotsk Sea ep ibioses.

a During t h e  period of the next to the last transgres-
snion , which foliow a--c-i the early Pleistocene regression , wi ’s-n rc-

a--.- c - a t a - a r  covered the l o w — l y i n g  lands of Europe , S iber ia  and
An’aenica , an estuarine arctic water mass was formed in the
s-c- a c - ion s - ic - a - re  the  u ;~~c- s--r arctic marine waters and the still
w~a r n n _ i - s -  r i v e r  a - e a t er s  we re  comming l ing , t hus  induc ing  the  t a - n r —
m a t i o n  of t I c - a - -  corresponding faunal complex (Golikov a - n . ,
1374). Due both to the considerably eurybionthic character
of the  estuarine arctic species ar -ad to the existence of
bc -- cad m i g r a t o r y  p a t h s  among estuarine systems of 1-c- urasian
reservoirs during the next to the last transgression L,ia , -I-
he n-j , 1 9 7 0 ) ,  which occur red about 100 thousand years ago ,
c-mmc - any of these sjc-ecies have an interzonal distribution.
t-a pa- cies of the a ’ , ‘ c- -

~~ ;a c ,m genera  domina te -  in es tuar’ ine  arc-
t i c  e c o sy s tn ’ ; a s  w h i l e  in i n f a u n a , s-inn ; bivalve molluscs of the
£ a n ’t , l u , ’ , ,’ genus  a re  predominant .

The subsequen t less str i k ing c l ima te and ocean leve l
cha nges and the g r a d u a l  es tab l i shment of present condi t ions
brough t  to l i f e  the I s-resen t  c o r r e l a t i o n  between the biomass
and biogenet ic resourc es in species of different origin
wi thin epibioses.

I t  is a fact of certain interest that in the northern
hemisphere one can observe a general tendency of development

• and distribution of the orga nic wor ld from the southwes t
toward the northeast. This regularity is probably deter-
mined by the direction of the Earth’ s rotation and conforms
wi th geomorp holog ical changes a nd wi th the di rection of
movement of magma masses and sea streams.

60

________ - - .a~~~~~~a,~ n -~~~~~~~~~~~~~ J’~ ‘ ~~~soa. —~



R E F E R E N C E S

A n n ; l r i a s h e v , A.  P . 1939 . .4 Lc- n a ! ’” - ’ , 9 ’ Z O O a - a , -” O a - o ’ a n a  a n -  a n p , , c - 9,

~‘ :‘ n ’ a - n  a , ’ ,  a- ij t a ’ P c - a -’ ,’ c- 0,’’ t ’ a - In’ s - i - a m ,’ A -c-c- -a- m a c - I  a- 4.’
A /J- 7/a c - /n - a c-n ’ c - t~- s - ’ ,s- , 1—185. Leningrad: Leningrad Stat,o
Univ. Press .

Einansson , T. D., Hopkins , D. M ., and Dccli , S. E. 1967.
The stratigraphy of Tjornes , Northern Iceland and the
history of the Bering Land Bridge . iN ae 2, , -~ ’ / n c - , ’ [s-a- n/
Ia n -I c - / c - c -- . Stanford: Stanford Univ. Press. ll2pp .

Go li kov , A.  N. 1963. Gastropods of the genus .V ra a p s - n e c - s - a s -
Bolten. ,n’ , ’n a n , a - a n a c - c --c-’ , 85; ,Y c - l~ n a - ’ , -’ , 5 ,1. Leningrad ,
Moscow : Ac-ad. Sc-i. USSR. 2l7pp .

ho l n k o v , A. N. 1973. Species and speciation in poikilo—
therma l animals. - ‘ n a ’ . B” 1 ., 21 ,4: 2 5 7 — 21 - 8 .

Golikov , A. N . 1974. The orig in and evolution of shelf
ecosystems in temperate and cold waters of the northern
hemisphere and certain princi p les of biogeographic-al
z o n at  ion ‘a ~ a n n  a d B or a- n 9

o: ’ s- a ac -- Ta-c -; c- en ’ a c - - c -  - a - a d  ‘ “I I , c - t e a - c - ’  ‘~~~‘ c - s - ,c- ‘a - a n n’ , 20—22.
Leningrad : N c-es-ks-.

Gol ikov , A. N. 1975. On parallelism and c-on’-’erqa--rc-cy in
evo luti on o~ sea eco logical systems. Sa .~~~a’ B~ en ’ a ’ -- ,

TIa -.a , c - c c -  0 ,’ ’ ic - a - nc- : 1 ’ s - c -  to c-Jaa -a Aii —Un n’ s-’a- ‘ac - n c- ”. ,  30—31 .
Vladivostok.

Gol ikov , A . N., Averintzev , V. C., Sheremete v s k y,  A. M .,
Lui,aev , V. I., and Novikov , 0. K. 1974. Certain reg-
ularities of life distribution in the Novosibirsky
shoals and in adjoining aquatoria. Pm - n ’ .- . S-”n ’ 

. ,‘7 ,c- ,aa ,c - )~,

Zoo7 . i s - ac - f. A - i n ’ . Ac -- - ’. aY, c- ,7,k, 19’ s-’ , 12—13. Leningrad:
c-a- ‘a-i

Gol ikov , A. N., and Sc-arias-c, 0. A . 1967 . Ecology of bot-
tom bioc-enoses in the Possjet Bay (the Sea of Japan)
and the peculiarities of their distribution in conner-
tion with physical and chemical conditions of the bc-s-h-
itat. He , a , ’- -:- ,- ,- i’ ’ c - ac- ns- . n ’ s - ’~c--, -s-” ‘ c-” n e - a- .’a ’~~~ , 1 5 :  1 9 3— 2 01 .

Golaikov , A. N., and Scarlato , 0. A. 1968. Vertical and
horizontal distribution of bioc-enoses jr the  upper
zones of the Japan and Okhotsk seas and their depend-
ence on the hydro log ical system. c-

c- n a - - a c- ” a , 34: 109— 116.

61

- ~~~~~~ - ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
t . ’ - 

~~~~~‘ ~~~~~~~~~~ 
- .~~~~~~~~~~~~~~~~~~~~~~~ :

compe l i s-ion , suc en -ss n e - n  c-and i c - a t  e n ;  r a t  i on  of rca I a rne conna - r c - l i a i  —
,,,,, , , ,_ t  I , . , ,  , , , ..,, —



“- ‘ - ‘‘~~~~~~ ,, ., _zau aa, ,  -“ ‘—a ,,. ,.,,,,,,c-, —‘,raa~~~~~~’” ” — ’~~~~ 
“,,

Golikov , A. N., and Tzvetkova , N. L. 1972. The ecological
princi ple of evolutionary reconstruction as illustrated
by marine animals. ‘ L a , , . a l t . ,  14: 1—9.

Gurjanova , E. F. 1951 . The Amphipoda Gamnaaridae of the
seas of the USSR and of neighbor ing waters. c - s - I /c- ac- t a )

~ ‘L, P c - c - a nn a . - “ t~ r, ’ [c-PL c- /n’ , 74: 1—441 . Zool. Inst. Ac-ad.
Sc-i. USSR .

Gu r j a n o va, E. F. 1957. On the zoogeography of the Polar
Basin. , ‘L’ - , - t , ,a i ’ n’a s  of tIn e 3L’- ,-c - a ’i’n’ ’ztI - ‘a o ’ t Ins - ,1’; i,:n.ti ’ ,~’’

a ’ n’ , c- ’ t [ c - a n Pt a- c - f l o a m  “f ’he  N o , ’ I n ca  i ’ m  Po i c - a  ,“ “ a c - a d ‘~ L ’/ a - a - a’ ‘i a-a s- ’ - - —

Pole -I , ” la,’ 5 4 — l a -a -55 , 2 4 3— 2 6 2 .  Leningrad.

Gurjanova , E. F. 1970. The peculiarities of fauna of the
A r c -t i c -  Ocean and the i r  role in the h i s to ry  of its for-
mation.  , ‘ I n a  A ,n ’ a,’t ’c-,~~ - n i na - !  a t L c -  a ’ s-a ca - , :a t s  Ia - a t I n e  ‘ ‘ c - c - n c - a s - a - a c - -’
Peria”d , 12 6— 1 6 1 .  Leningrad.

K a f a n o v , A. 1. 1974. Zoogeographic-al peculiarit ies and the
ways of the forma tion of Car d i idae Fau na (Mollusca , Bi-
valvia ) in c-old and temperate waters of the northern
hemisphere. / / a  ,I,’a’a -k a i -’ a 1 o 1 c -  aa -fl ,J Bi o~~e o j z ’- .ma /a~ of tic-a PIn s - a ’
o ” t ; me Ta ’’n [ c- i ” a - t e  ra n d f’oid n a - t a  r c -  c c - ’ tis - s-- Oce-a,’r , nn , 2 3— 2 4 .

Leningrad: Nauka.

Kotenev , R .  N .  1 9 7 0 .  Rel ief , bottom depositions and some
peculiarities of geologic-al formation in the continen-
tal slope of the eastern regions of the Bering Sea.
i i ’ . i”In’IRO , 70: 43—69.

a Lindberg, G. U. 1948. Why the microrelief of land of the
sea bottom is being retained . Ia - c -v. ,4k. “/,a- ,n In . c-c-APR,
Biol. , 7ea- . 5 :  3 4 9— 3 5 9 .

Lindberg , G. U. 1955. ,~~ n - a  Q n n a a t a - ’ n ” -’ - , n ’n ’  ~~~~~ P ‘c- ’s-”, t ” , ,
-~~~~ ~‘ a “ ‘~~ s- ’ B’l s- ,~~ .- ,-’ i ’ c - a  h’ic -n a- i Pc - ,’- nz . Leningrad: Ac-ad.
Sc-i. SSSR. 334pp .

Lindberg , G. U. 1970. Strong alterations of the ocean
level in the quaternary period and their influence on
the formation of the Arc-tic Basin and its organic-
w o r l d .  R ev .  L e d .  O k ea n  i ego  Ber ’a- s--a v a m a n o , - c - o e ,  101—

• 112. Leningrad: Iiydrometisdat.

L indberg , G. U.  1972.  Sti”on c- A ltnc -r a z tlon s of f/a c-a A s -  a - -n

L e v e l  in the  Q u a - s - t e r v n a r c - ,c- P er i o d .  Leningrad: Nauka.
547pp ’

M i le ikovsk y, S. A. 1971. Types of larval development in

62

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____ ___

ni~ t ~‘ I t i n ’ i a - - c - a n t  i 1 ’ n t  a - f ’~~~~~~~~~~~~ O t h a -’ a n d u c i n a - ;  sub stances



- - - -— 
—

! 

marine bottom invertebrates , their distribution and
• ‘ ecolog ic-al signif icance: a reevaluation. i-i- n i- . B / c - a - i .

10 , 3: 1 9 3— 2 1 3 .

Ia- 
, Saks , V. N. 1948. The enigma of submarine valleys, a ’ s - ’i -

- - ‘  - I a , 9 :  3 2— 4 0 .

Saks , V. N. 1953. The q,ua te r n a r y  period in the Sovie t
Arc-tic. Ts-’. .‘,‘ a m r i c - c - I n .  I c - a n l e - a~

’. Ia-a na / . - ; c - o ,c- - . A s - - I a t a ~I ’ “ . , 77:

‘ 

1—627 .

Sc-arlato , 0. A., Golikov , A. N. , Vass i l enko, S. V., Tzvet—
kova , N. L., Grusov , E. N., and Nesis , K. W. 1967.
Composi t ion , structure , and dis tr ibut ion of bo ttom
bioc-enoses in the coastal waters of the Possjet Bay
(the Sea of Japan). Isa.’is -’d. ic- a - a - s -rap I-n ’o,’ ,:- -I , 5 ,13: 5—6 1 .

Scarla to , 0. A., a nd K a f a nov , A. I. 1975. Basic- peculiar-
ities of formation of modern sea malac-ofauna of the

-: shelf in c-old and boreal waters of the northern hemi—
- sphere after example of bivalve molluscs. SIns -’ ” /‘a ’ oi.,

A a ’ aac -ar c,’ R e ;- a -a -i’ t.c - a o,r ’ All — - na - i a-an -: n n ~~. , 1 6 1— 1 6 2 .  Vladi-
vostok.

- Thorson , G. 1936. The larval development , growth and me-
- tabolism of arc-tic- marine bottom invertebrates , com-

pared with those of other seas. ,‘, - a n. ‘,,‘a-’~~i a l - a - a -, a/ , 100:
1—155.

Thorson , G. 1950. Reproduction and larval ecology of
marine invertebrates. Bi d . Rca ’ . , 2 5 :  1— 4 5.

Tolma tc-hev , A. 0., and Jur tzev , B. A. 1970.  The h istory
of arc-tic- flora formation and its connection with the

- history of the Polar Basin. S e v.  L ec - i ’ , ” t a - ’ c -’ Okea ’ , i
- c-jo Poh i ’s-Pie v i’La l mm - ’ - s-.n c - -e , 87—100. Leningrad.

-
‘ Tzve tkova , N. L. 1975. The (‘castal s-”, ’-a nc -”l Is of c - ; a c ,A m’ c- - s -

~~~ -as- a-n a ! i’-r r  E a . c -’t Sea  a-c- c - ad c - a ]’ Aa -I,ioi nin9’ c-n - -n - tea ’s , 1—25 6.

- 

, Leningrad: Nauka.

1 ’

63

P  a
-’ - — 4

a’ T m l ) ? a a , whosn ~~~ p nlt ~ a a c - c - n i f r e _ u p  may t x; - - ‘ m d  c - - r  r e - I I n - n t



—
c-~~ 

, ,, . ,,c- f~~~ rat ’ s-. s-L~d’~~~~,.UT ?U ’a,,.t,,
a-, —

s -- n,In ~~a -akAf, VAR 1 1/1’ I a N 01’ CIa-/a - ic - LARVAE
ALa-c-NO iii a-’ 0RPm UN COIaii ’I’

R . - a -  ; - - n ”~’ 1 , - u - m a ,
c - a c - t i n - s - c - I  c - - a - c - n - n c -n e F’i c - - s - -n - i s - -s a a c - a n v a a - n n c -

N a c - c - I n n - a c - c -’ F - i  s - a - i n - c - c - i n c - c - a  C’ n , t  - . ,- r
‘a - a c -- ad f i n a l s - , c-- I c - s -- na -  a- a- , ’ s - s  52s- .i  3

B i c - r m a c - n L I i ’i~y p l a n k t o n  s , s - n a ;.a - l e s  ‘,~a-era-c- collect” :-~ fo r  t a-/C years
a-a l a ’nrc - g a a- rn -i n’ c - a r c - c - c s -  off the  c e n t r a l  Or ’ s--a -j on con t i r n o : ’ n t - n l  s l n c - l f

, .~4 ° 3 s - ’ N )  t o  - i a --c a - a m a - -ant t he  specie s  of c r a b  l a r v a e  nr esent ,
t i n s - j r  a-a~ ,a s o n a n t i t a - ’ , and their onsh -r e—a ffshore distribution
a-n c - relation s- s- seasonal cf’as -n a - a n,’S in oceanograph i c  aa a enc - a litien- a c - s .
D u n ’ inc -j the c-’ , a - lc - n-ira-A wins -er, surface currents along the Ore-
ooti coast ten ’s -icc -ally f [ a a ’ ~’ c-a -s- - n a - s - 1 a -~-,’~~ra -~ w i t h  ,a- rn onshore  component .

inc - c - c ’s -- n” , n Jc -n r n ~ncj the sj a - r i n g  -a- ac - nd sa c- c- c - Ic - c -c -er, s-h as - s u r f a c e  f l o w  is
s o u n a h~ ’ ,,n r d  w i t h  an offshore component . ‘is -c-abc -a-al d i f f e r e n c e s  in
oceanic s- c -a c - in c - s - -s -s-re associated wit . Ia- the current reversals.

The c- l i s a- m ’ aibution of crab larvae oft ’ t b n c -  Ore s-ann ca- ac-c - c-c t is
i s - n A c - - c - n a - - a c - al a - 1 r 0 n c - ’ c - a e n t  ‘-~ i t h  s - f — ca known d i s t r i b u t i o n  of the
n , i a - n its , s - m n  I I c - a -  a- l e sser  e x t e n t  w i t h  tab ,’ - seasona l  changes  in

n c - - c - a n  a- ”,arrents. c--Is-m a-n t l a r v a e  of the  41 iA ’. ’n ’n t i  f l e d  a - a n a a c i e s
.al a ‘an: in s-he p l c - a s - a b s - o n  f rom I-’e b r u ar y  t h r o u g h  Ju l y w i t h i n
18 bc-ac - of shore ‘c-’, a s-h en n- n a t es t  a b u n d a n c e  in c-i - a - s - — J u n e .  The

s - c - a- asIa a - m ona-las-at larvaca are those - ‘at the i n t e rt i a - i a l  and
s ub t a - t ’ a a - c - i i  sn e c i s- - s  ( a - a -  ‘ / c - . 1 a ’hc’ i s- , ’ p s-! - - ‘ s - c -n a . ” , a - a - ! - 

a - ‘

In’ £ ‘ Z • ‘c- ‘, ‘a 
‘

- ‘ - 
- c- c- n - ii - ’ , (- c-Z , ‘ a ’ a-i n ’c- a~ - a m - n a , ’ - a , [ n c - ”  t ‘

s c - c - p . ,  - n a ”  a ’ a - c - ’ c- -n  - - ‘ ‘ “nc-m a-a - n , , and c m -  s - i ’ s - ,’ - f t  - a ’
r n ,a- c- ach ’i n a ;  d e n sit i e s  of 10—1000 per m 3 at 2 and 5 ba’s- of shore.

The o f f s h o r e  or onshore  t r a n s p o r t  of t he  la rvae  is
re l a t i v e  to t he  i n t e n s i t y  of c o a s t a l  u p w el l i ng  or down-
w e l i i n - j ;  however , the  e x t e n t  of this transport -a c - c - c - orally is
l im i t e a - l  to w i c -” h i n  18 ~nm of shore .  The d i f f e r e n ti a l  behav-
ior  o f -  ic - a r ’, a e  d u r i n g  t h e i r  deve lopment  is an i m p o r t a n t
fec-r t a re in determining laheir position in the water column
a c - n I  su ns -n c - ~n.n ana nt  transport by coastal currents. Most earl y

‘ a f a a -  c- na? crab 1-s- i’vc - s - a -’  a r e  f o u n d  c - a - a - c -c-a r the s u r f a c e , w h e r e a s
late stc- naaa-;c larvae are found deeper , near the Ic-c-s-tom. Those
few nc-a-rshor ’c-a s- c -p s - c  a-es ( u ’ s- m - a , .- ‘  uS- - s - a m a - s - na , ’ ‘ 

- ‘ , A c - n m  ‘e, ’ c- ’ c - c -  :c-

- a -  m c - ’ c- sp p . ,  -
‘ c - ’ ao In :’ );-c ’ a s - ,- ’ / ‘n - ’ ! t n , c- , us- c- a - c - - a  a n ’ n s - n - .a , ’ a ,a ),

whose i a n - c - s - c  c o n s i s t e n t l y  occur o f f s h o r e  beyond 1.8 1cm,
o m a - a n a l l y  have a ( c - n c - c - n b a - n a t i o n  of the  f o l l o w i n g  f e a t u r e s :
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(1) their i c - a r v a c  occur in comparatively high -Ic - n a si t’ O’s
during late spring - ac - n- i summer , (2) t hey have a r a - l a t  n ‘~‘el y
long pelagic - life , , a r n , I  ( 3 )  their l a i r s - a - a c -  may  exhibit a an t , c- ( i r a - - i
photopo sis-iva-a response- during the earl y c-c-ne-galop s ac - t a - a -  ‘al
occur in the surface waiters. This ‘anomalous ” b n - h , ’a ’ ; io r
appears to be an a d a p t i v e  f e a t u r e  n ’ n n a f a l i n g  th e -  - ‘ a - a n y
megalops of these species to be concentr,aated nec-ar c-nbc - ic ’,- by
the onshore surface currents prior to an ts-lemons - . Within
5—9 km of the coast , a strong onshore cc-oinnponent ( i f  t h e  sca - r-
fc-a-c- ta-’ currents coup led to a lesser dc’-~ r aac- a ’- w i t h  the  conserva-
t i v e  e f f e c t  of a lo nq s h o r e  t i da l  o s c i l l a t i o n s  is b e l i a - a v a ’d
to be ta iis - - major m e c h a n i s m  r e t a i n i rc - a~ l c - a r ’c-’ c - a an a in the vicira - a - t-c-’
of the nearshore parent populations , regardless of the
season .
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E~ :P l- : R IMEN T S  a lL  ‘FilE D Y N A M I C S  c - n i - ’ DEEP OCI - c- Ac --c-
[L’U S Y O ’ [’i-Ac-lf[ : is - Nl - c - R c -, c - ’ n ’ FLOW AND c-c-c-/nc-if-c- FLUX

LI 11_ a- - £ c- , - Ic- - c-w a- c-
c - a - a c-s- c - , , I l - s - I c - c -  Oces -nn onJ n ’ , n [ - i n i c  J i a c - a , i s -  c-a ’ L a s - a

“ - - - c - .  m i - a - i a - -, M a c - n s , n - a i c - a n c - ,, - t  I a ;  025 -1 3

The D e p a r t m e n t s  of B io logy  and  C h e m i s t ry  a t  the  Woods-n h o l e  Oceanog raph i c  I n st i t u t i o n  are  i nvo lved  in an i r a - a n n ,--
grated , interdiscip linary investigation of s-h a - a-  e n e r g e t i c-
p a t h w a ys  of o r g a n i c  m a t t s - a r ac-ross  s-he b s--ra -thic - bounuc-iry
l a y e r  of s-he deep-sea off s-ba - - east coast of t i m e  U n i t e d
States. Experiments and sampling are being conducted
primar ily at two permanent bottom stations (1800 and 3600
meters a-ic-ps-h) using the mani pulative and observational
capabilities of the Deep Submergence Research Vessel ALVIN.

Surface—shi p sampling for the past c e n t u r y  in the  d onc - -~a--
sea has allowed us to define s-he standing crop and commu-
nity structure of the fauna at the sediment-water interface ,
but little is known of the functional significance of the
bios-a  in energy f low and r e m i n e r a l i z a t i o n  processes .
I ’n - ‘ 

‘ ‘ n a manipulative and observational capabilities with
DSRV ALVIN are allowing WHOI eco logis t s  to conduc t long-
t e r m  e x p e r i m e n t s  and m o n i t o r i ng  w h i c h  w i l l  e l u c i d a t e  the
p a t h w a y s  and the  ra tes  at  which  organic-  m a t t e r  is conver t ed
to er.s-rgy or biomass. The experiments and samuling include
measurement of sedimentation rates using large traps ,

c - a’ s- oxygen demand and inorganic nutrient fluxes in the
sediments using bell jar—like incubation chambers , c-c- c-c- “ / c - an
resp iration and ‘ -x ’retion on individual animals captured
w i t h  tra ps and s l u rp guns , microbial degradation studies ,

a’- colonization and succession on azoic sediment surfaces ,
growth studies using isotope .a --; i ng  t e chn i q ues a n d feed in g
experiments using baits and time-lapse photography . The
goal of t h e  p r o j e c t  is the a b i l i t y  to predict how \-‘c-ariations
in the rates and forms of organic- matter input into the
deep—sea affect community structure and remineralizas-ion
po ten ti a l s .
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F O U L I N a - ;  ( ‘c - c - a - f c -c -( c- c- IT I ES Ac - c - !? a Ls - i i - c - ’ I’I C D c - c - ’~- ’s- - 5 IF [CAT [-c-aL
T N  T I l E  ‘ i - s - s - -  i c - n  ‘ ‘c -’ -  r ca - a s -i - a ‘c~

n a - u ’s- c - ’ - ,a a c- a c - ;  i a- a
i a a - t i ,t ’ a-a ’’,a-, i a ~c - i n s -’i s - .s - j l c - i  Ta-’, i a a , a l c

s-i n s -  c - s -a - n a - n i ,  i , ,n c - inc -a -j f i  S t a a n , i i di Paaniova
15100 -

‘ a - n I - n c -  n , I o il y

E’o u l in q ’ co mmuni t ies  c-ha r - , a w i t h  other a s s o c i a t io ns  of
c-n c-a s- in c o s - a - c - a c - a l a s -ms the p r o p e r ty  of u n d e r g o i n g  q u a l i t  s - t i v c
and aj a - na c - n t i ta’i we m o di f i c a t i o n s , bo th in t i  ammo - s - a m a - i  space .
s - s - ar research leading to the compar a-ata -ve anal -n - ac-is of tnc- spe-
cies ps-a-c-sent , of their settlement and grc- ’~-n-th p s - a c - r i n d s , of
populations sa-acc-c-nssion, and of the n-nh ac - - tn - a - c - na - a - - of the nc-s-in
sess il e or g a n i s m s  in h a b i t a t s  exh , ib i s - i n - ;  d i f f e r en t  c- ,c-- , a t a , c - ,
the  marina -c biologist may utilize artificial s cm b c - t r .a at e r  im -
s-aersed in the sea at var ious  de a t hs , in  ad-a s-,ru’ a -t -,,’l y r - a- --

sel-s-ct ,na d loc a l i t i e s .
The use of these a r t i f i c i a l  s ub s t r a t -  an- , a rab  s - a n n  possi-

b i l i t y  of s i t u a t i n g  them where ver n ’n c - a - a - U,i ca -c -a - i s - a ’  a - a f o r  ‘,s’h ,c -  t - . , ’a . a-
length of time , permits one to c a r r y  on i s - a s - - C s - t a - c - s - a -  natural’
s - ’x c - c - c c -r imen t s  u s e f u l  for the s o lu a  ion  of c-i w i  a-ic- a - o n ’s- - c - - ’ - of
problems in theore tical as well as in c - a c - A . l j Q L l  cc -a - r i f l e  biolo-
gy .  s-he  use of such procedures w i l l  t a r s - - c - i d e  a- ca , a a - i ” a a - r n s -n a  c- a - -
to the ma r ine e c olo g i s t  w i s i ’ a i c -’a - -s - , fo r  ins  s-Once , to c- s -’ p roach
the q u es-t i o n  of the or ig in and e v o l u t i o n  of  b naa - c , cc-h i c  “a, ac-c-aro-
m a - i s -  i o s ;  to the b io log is t  wh o wants  to a n a l y z s -  the  cor- r i e x
mu ta ,,alisLic and competitive interactions among the co,c-’c-rc-auni—
s-y na-embers and to de tec t  the nature of chemical mediators
likel y to play a fundam-,c-nt a l role in s-h ’ s’ interrelations;
to the s t u d e n t  of l,ana v -a-A , b i o l o g y  and  l i f e  h i s t o r i e s ;  to
the pollution expert , intending to utilize ‘fouling ’ comma-a-
nities as indicato rs of water quality ; and , finally , to the
ra - n s - c - ,-a n la ta - oni gene t i c]  St  try~~ny to detect s y n c - N - a  tric or allo—
patric - intraspecif.’c divergencies and to estimate the role
p layed  by n a t u r a l  s e lec t ion  in de t e r m i n i n g  the observe d
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a - i n  t tic - ’ r e l ic -n ’s. ‘l’hc-’ lot  t en  po i n t  is the one to wh i ch , as c- a
c -J enl n,’ t J  c ist , I w i l l  devo t nc- i n n s - s - r e  c - i t  Len s-ion. We c a i n - a l l  set ,-
La ts - a r how the - i a c - n - u i  t a m  0 1  ca - s - n a - s -- a r ch  along t ic- n - lines bri e- fly
1 i s t a ’ a- l , a i s - s - n v a  n a - c - a y , in turn , i a c - ’l p the c - a u n - c i a l  ic - c t in fouling
c o n u n n u n a - i t i e s  t o  so lve  some of his part i ca -nlar problems .

i n  oi ler t a  a - i n - c- al w i t h  a.-v o lu t i on a cy problems a p r e l i m i —
c-ma ry illustr ation of the tools currently available to the
ecolog ic-c-a-l—a-jc-n c--ticist mi ght la- a-. ’ useful : in ot}an ’r words , an
i l l u s t r a t i o n  of w h at  b e n t h i c  o rgan i sm s  a m ’  sui tiaabln,,- for the
ge-na--tic - a-analysis of d i f f e r e nt i a t i o n .

The a -j a n e - t i c  ba s i s  f o r  d i f l ’c-’ r a - c - n a ’ n - a ;  w i t h i n  and  be tween
c-i eo a - i c a p h i c a l l y  s c - -p a r c - a s - e d  pop u l a t  ions of s i n g l e  spec - i c -c-s has
bee n s t u d i ’ -d t h rough  l a b o r a t o r y  ex p n ,’r im e n t a t i o n  fo r  ve ry
few or ganisms . The bu’a-4iraning of s- ia - is a r c - - c-a of r e sea rch  is
m a r k a --d by the d iscovery of species e x h i b i t i n g  v is ib le
c-j e n c - t  ic polymo rphisms and , a t the  sa me t ime , sui ted fo r
culture and crossbreeding in the labora tory . From this
va - s -.-wpa s - int so me Isopods such as a - - - n a - c - and , ‘ f a- - i’ a’- a- , cope—
s-nods of s-lie a - j n.’n us “ C r ! - - - , the compound asc-idian Bs- - t a - ’ , a i s - - ,
and the polychoete worm c-a ’ - “ a - n  a - a s -  - - c-’ -

. proved qui te useful .
As an example , I shall b r i e f ly re fer to the case of f

~ - ic - a-c- ’-

“a -‘ ‘ n ; , ’ , ’ ;  “ n ”a , which is represented along the coasts of
Brittany by five main morphs distinguishable by their color
patterns . Bocque t, Levi and Teissier (see Lejuez, 1974 ,
for reference) have shown that the phenotype-s c// c- ‘ a- - - n ’ , ,

c-a- - c- c - c -  t- .,”a~ c- s - c -  n ’ , ,‘ - ‘ - n a t  n - ’ , and 12, - - a  c- a ’ are under the
control of four pairs of independent alleles wh ich make an
epistatic- series. The frequencies of these genes , a l though a

r emarkab ly  s t ab le  in t ime , vary from s ta t ion  to s t a t i o n .
For a few years the geographic distribution of the species ,
in is-s various geno types and phenotypes , Ia-as been followed
w ith great inte rest. Some observations suggest a certain
correlation of the frequency of the various morphs with
temperature . I t  has also been possible to de te rmine that
the differences between localities are due to Wright effect
since the dens ity of natural populations of - 7~ lana - c -i’ “a -c - is
quite high . More recently, West ( 1 9 6 4 )  and Bishop (1969)
have carried out similar investi gations in another species ,

n c - n -  rug i ’ s - i i n  which is very common along the English
coasts . Here the morphs are controlled by several non—
epistatic-ally inte racting genes. One of them , ‘ c - e l l e n ,’ ,
undergoes seasonal fluctuations with the hi ghest frequency
in winter , indirectly suggesting an adaptive function for
this polymo rphism.

Another example is offe red by the colonial asc-idian,
Rot- - l i e ’ .n ’flo s , ,- -ri , studied in Italy by Sabbadin ( 1 9 7 2 )
and in s-he United States by Milkman ( 1 9 6 7 ) . For the popu—
lation from the lagoon of Venice , Sabbadin and coworkers
were able to disc-over the Mendelian basis of the color
polymorphism characteristic- of the species: segregation
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‘a t I c - c - a - n c - ’  b c  i c - a c c o u n t s  f o r  o r n - a n - j e  , redd n c - c - t n  an d b l ue p i gs - as - -n t
c-a -’ c-Is , and sing ly or doa-nl I c — b a n d e d i n i n  - rs a- ph s - m a - - a l  baa-ads
B u t , ‘as in ‘c - n- ; a , c - ,c- a ’ - “ a , ( t i n ’ n a - n - l e c t n v e  s i g n i f n  - ‘ s - n a -c-C o f  ( h
pol ychroma- .at i s m  a - n m  Bc- - c - n’ 7 ? ’ a - ’  a- - a n  a s - s l y to - s s - n a a p n - c t e - d .

-\ species wh era - it has I c - a - - n - n a  poss ab le t o  d e m o n s t r a t e
s-ha-’ a c - ipti v na - func s-’ion of polymo rh pisrn , is the h a r p a c a  i co id
co pepoc-J Tn ’ , - ! - ‘- - t a - - c - - 

— m , ch , s - r a c t n - r i z a ’d  ha,’ a s t r i k  i c - n poi c-,’—
morp h i s m  c o n s i s t i n g  o t  t he  d n t f er a - - nt distribution , a c - n d  color
of  p i g m e n t  in  the h ypode rm al c e l l s  of  s - t a - a- - c e p h al o t ha  r a x
a n a -l t he  t is - c- n.’ thoracic .a a - ’ -j m e n t s .  i n  s-h a ’  l agoon of  Va c c - i c - -
the species is re p r e s e n ted  by thrc-n -n.’ ma in  f o r m s which can Ia- ’
i de n t i f i e d  in both se c-~c-a-.-s , p l u s  one c - ” a i n o r  v a r i a n t  T h i s
polymo rphism , cons-rolled by a series of alleles at the same
locus , V , ~~ , and  a n is adapt ive  and b a l a n c e d , b e i n g  m a i a a -
ta med by the s u p e r i o r i t y  of h e t o r c az y q o u s  g e n e s -p p -s
(Battag lia , 1964; 1970) . In  f a c t , we have e x p a - - r i c - c - n - - m : t a l
evidence that cn -rtain physical a- ’c s-,m log ica l parc - a - c -r i t e -r e , such
as salinit y and temperature , act as pow- -rful selective
agen ts  on the va r ious  genotypes . In i a - a r t  i c u l a r , di f f n .’r-
enc es in the wa te r t e m p e r a tur e a r c -: r ’ - a c -~~- a c - s i b l e  f o r  d i f l n c - r-
ences in the s-.’ajuilibriu m frequencies ot t h e  ge n es wh i ch
con t ro l  pol ymorhpism , a nd t h i s  applies  both to n a t u r a l a n d
experimental populations.

The possibility that the physical factors of selection
also operate in another species of 1’ ’ ,-! - , T. a- , lea-I a-a n” ‘-m e ,
is indi re c t ly s ug g e s te d  b y the f i n d i n g  of  d i f f e r e n t  d-s-grees
of “ co n cea led  ge n e t i c  v a r i a b i l i ty ” i n pop u l a t i o ns franc-,
southern France living in marine and in brackish-water
habitats (Battag lia , 1970) . A s i m i l a r  s i t u a t i o n  w h i c h  i a - ’1 i —

s-m ates the ia-ypothesis that these inter—population diff- -r—
ences are due to di fferent ecolog ical characte rs , and con—

a ‘ sequentl y to different selective pressures of ths -a- environ-
ments  f rom which the populations come , has recently been
found in 2 populations of the upper Adriatic.

Moreove r , the species ,‘ ,-b - 7c - c -a !ot c- a s - a- ‘ a-c-c shows v - a r c - i cc- c-ac-
tolerance to low salinitLes. The physiolog ical ac- c- a-c- ’ c ra -’a p h , c
races are clearly gene tic races , since the observed phsy i
log ical differences are preserved in populations cultiv,ated
in the  labora tory  fo r  y ears ( Bat t a q l i a , 1967)

- ‘ Another species , f ’ ,ac -be ‘l a / I - , c - c - a ’ . ’ , ex h i b i t s  a poly-
c-h romat i sm wh ich  is c o n t r o l l e d  by o n l y  two a l l e l e s  of the
same gene . In this case po lym orhp ism is b a l a n c e d  s ince
he te ros i s  p lays  an i m p o r t a n t  role in i s - a -ac- m a i n t e n a n c e . The

• fact that in experimental populations of T. ‘lo ~~”
e q u i l i b r i a  are eventually reached suggests that this polv-
morphism has an adap t ive  m e a n i n g .  Howeve r , th e  eq u i l i b r i um
values seem s--a- depend to a considerable extent on the ic-n i -
tial composition of the population , whereas the eff- ’-c-t of
factors such as salinity or tempe rature i s  less ap p r c -c i a bl e .
In other words , in Ti. ’! s-c-c a ’ l o d i e c - a , c -  ‘ a - c - the more e f f e c t i v e
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- - ‘s-ta- ~~ -c~~~~~~’~~~~~~ ;

a c - a - a - c - tor e of  s e l e c t  ion s c - c - a - a n n  to  i n c - c -  bios - a-c a- , a - t ,l a n c - c - ,’ s - h a - a - i a  ph y s i c-n i l
‘a u  n ’ a -n p c r i m e nt  ta - c - i,a- h a ’ - . n b a - c - v i s e d  to L a n t  t i n s - -  l ay j.~o t c - h e S i s  t h a t
Ib i s - ’  g a-n-o n ’s - ic struct urn.- of V n ; iu l s - t  a- s - a - c - a - n a  o f  c-i m a r i n e  spec- i ’s

c- c - c - _ a - a - -  h~~- i a - a -  f l a - a - c n i c - n,ad  by t I c - - ia - a - i s - a s -  a - c  l a s - tore of ( t a - c - - e n v i r o n s - c a n t .
‘ i ’ i a - c  e xp e r i n n m e n t  consa  s - i a - at o f  r a i s a - n a - i  ira t taa - c - same’ cubs - a nn a:

a--cs-sc- I tn - -,’ spa-a-cIa - .- c - m o f  -: :- - n -  , na nael y c - b ,  ‘ i c - i c - c - c-, n a ’  -
‘ a s - m a d  I.

a - -  a- ‘
~~
‘ , ,7 a-z c- ,z , ia- a - s - h  pol y c or i a - p ic c-a n n a - i  t h e a - a - -  l a - a m ’s- : suitabin : fcc -c

v i s i b l e  nn c- i na- i f e s ta ti o n  01 p o s s ib l a - -  g e n e t i c  e f f e c t s  of  co—
a c~ c - i s t - - c - a c - e ’. It w,,s f o a - m mn ,t t,t n a s -  ‘, ‘,- l ae - a -’a - a -s - cn  i n  T -

. 
‘s - b c - c -a- LIne

a;s--c a c fm c-a-cguencies at - - n i l i b r iu m  seem to ha - a - a - n n c - a - f f - c t n : d  by
s - a - a -- p c -’es a-.’a a c a - c -  of I’. - / s - c - a - / c - -. - , c - , s - i a - na-’ c a - j u n  l i b r i u c -m n  - ‘ a-n i n a - a - as in
s - i a - a -~ l o t s - a r d i f l ’a- : r  s i - n n i f  i c - -c - n a - c- 1c- ’ c- a a - n - c - ’ - n r a - iic - a - s -a to the Ic-resells -C
or a - l a - a - S e c - i c e  o f  7, c-’ - - s - I c - n  La  i a n  the S c - nc - as - n,’ cu l t - c - nra -,- vn ; s s - a - l
( T a b l e  1)  . The m e c h a n i s m s  r e s p o n s i b l e  f o r  th i s  phenomenon
a re s t i l l  obscure , c-althou a-ji’a- i t  is l i k e l y  tna t  i n t c - s - r ac t ions
of  a - c in- ,a c - aa i-c c- ’a l  n a t u r e  are invo lved  i c - s - - s - w a - n -a-a--c - c - the twa-c- competing
Spec - ia - c - S .

As we have seen , t i c - a - a  a - a - SC o f  species  cxh ib i t n n g vi sibl e
ra-o l c - - t a ao r l a -p i sm is ve ry e f f e c t i v e  f o r  the s t udy of evo lu t ion-
s -c c - ’  e s - -a - -c - nc - s ove r the shor t  t ime i n t e r v a l s  access ib le  to the
b i o l o gi s t .  B u t  ‘ -n - h a - a -- m m  t h i s  f a v o u r a b l e  c o n d i t i o n  is not
aa-vai iau ic--le , anoth er v a -b u a b l e  c-c-c-ctta-oa -i fo r  r e v e a l i n g  oa’ad e s t i —
a c - a - c - a - s - i n c - c -  genetic variability is provided by the anal ysis of
pro te an ‘- c - a - n a t ion  by ac -- a - s - c - a - c - c - c - of ele c s-r o p h o r e t i c  tec -hc - a - i - aues .
7~xac--as--les of th i s  k i n d  of i n v e s t i g a t i o n  on :aa - ’a- r in ’ae jc-ona ulaa —
s - c - D n a -s c-a -r e  becoming mo re s- and more n umerous . The c-an n -a -in pur-
pose-  is to e l u c i d a t e  the c-aoss ible  n-a- a - I c - a ss - ly e  si g n i f i c a n c e
of these b iochemica l  a a - c - ly m or ph i~sms , an d to see to w h a t
e x t e n t  the - ,-ba-c--.c-r’:-.a- -aii -c - cc - c - a - a - tic - va r i ab i l i ty can be re l a t e d  to
ecolog ical stability or dive rsity .

Rinc-e this subject will soon be developed by Dr .
boa-a-c-h am a-i D r .  L e v i n t o n , who have devo ted most of t he i r
recent research to biochemical polymorphisms of organisms
ba -c-lon g ing to fouling c o m m u n i t i e s  (see , f o r  re f e r e n c e ,
Gooc h , 1975; Koehn  and ~1 it t o n , 1972 ; Levinton and F-c-a-c - a - d il l e r,
1 ’) 7 5)  , I shall confine myself to reporting on a case of
a d a - a c -,c - t i v e  era -ca ’ s-c-cc- pol ymora--ia-ism recently investi gated in our
labors -s--na-s--p. Th e c-us -n ine amphina-cc-a-i , ,J c-aaan -c- ’c- s-nc-r , ‘ , c-n ,s - a- ‘c - , a  ‘ a a’,’ a- a ,

h a - s  been ta - as - t e a - I by e l e c t r o p h o r e s i s  for  severa l enzyme
systems . ifl I a - a - a - c s - i  cu b-a r , the es te rs-se  eye s-ems i s -  a a s - c - O a , ’ c -  a-i
pob ymorp h c - c -  a t  the leve l of f ive b c - i  ( B a t t a gl i a  and Bisol ,
1975 )  . The results of crosses and the agreennent w i th the
l t a r d-:~~Vs-: a-a- a~a i - , c- a r c; d i s t r i b u t i o n  ind ica t e  the gene t ic  n a t u r e  of

• t h i s  po 1ymo r~~h i s m .  One of the b c - i  involved , Es t -6 ,
u ndergoes wide seasonal f lu c t u a t i o n s  ( Table 2)  -,-: i t h  devic -i-
t a n - c - m s  f rom 1Iara-L ’-i ’~- a - c - a - ic - c r c - ; due to an excess of hetero a- ‘ - - c - a  s - -a--s.
The obsc-’a’,’n.ad changes in a -T s - c - ne f r equency  seem to depend
l a r g e l y on n a t u r a l  se lec t ion . As also sugges te d by labors--
to ry exper ic - c - an c - s - a -t s, t e m p e r a t u r e  mus t be the major factor in
this r a - - a - a n n a - : s - .

_ _ _  _ _  _ _ _
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Table 1.

B i o t i c-  f a c t o r s  of  s e l e c t i o n  in f’ s-’ c - a - , - ‘ / o n - ’ ’ c - a , ’ ’  F r a - - - j a a s - : c-’a- c’a-’
of the a l l e l e  p in s- .-xps -a -r i men t a -a l popu la t io n s of a’ . -70 a ’ , ra-

a c - n’., with and w i th o c a t  1 . r-c- - t , c- - c c - / I c - - a  in th e s l c - a - a , a -  c u l t - a - c - - .
Initial frcqa-a-n -nc -y = . 50  ( i c - a - a - a - c - c - B aL t a aa ’g i is- , 1970).

Sannpling i c - I c - a - n a -  s - a a a j a e a -.’ c - ti c 7’. ,~a i -  ac -’ ,,,- nn- *
( c - c- s-Ins- ri’ 20 d - a -’p s )  popu la t i ons  7’. ía-: c- a -c-c-

1 .89  .59
2 .86 . 1,9

3 . 84  .49

4 .81 . 1-0

5 .75  .6 5
6 .76 .69

7 .81 .65
8 . 7 8 .61

Table 2.

Adapt ive  pol ymo rphism in bar ’, s - a c -  ‘ c- , ‘ - n s -  /5-7 1 P . Seas oc-n-a-l
changes of gene frequency for the IIa -c-t—6 locus ( from B a t t a —
gl ia an d Biso l , 1975)

Ms-nc-a-tb N Gene Ia’-:c - am a - c - a -,anc-,’ E s t — 6  —

October 179 .10

November 140 .22

December 174 .45

January 119 .49

April 58 .21

May 38 .0 4

July 51 .02
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As ‘- n - a ’  have ‘c - a - n ’ c - n , cope-pods of the genus c- a . ’!a- - provide
ve ra - good m a t - r a - a L  tar population g s - - n n a - c - t i c s  s tud ies  in the
, c - a , a r a - n n a - ’  e n v i r o n m e n t .  In addition to that , the recent dis-
c-ov a-- ry of  sa - -vn a--ral sympatric and al lopa s-ri c- sibl  ing  species ,
c - a c - n d  o f  variable a - i a - c - n j  r a ’aa s of  r e -p r o d u c t i v e  isolation in s-joe-
g r a p h i c  c c - s a i l s - s - i o n s  of t h e  same species m a k a - -  .“ -P’! an
e x c e l l e n t  a - s - m s - 2 a n i s m  fo r  r e - s co r c h  on s p e c i a t i o n  p a t s - - s -m s as
well (Vo],kmann—ia-uc-c-cas -, 1971; Volkmann—Rocco and Battag lis- ,
1 9 7 2 ;  B a t t u a - ; l i c - a -  arid V o l k m a n n — R o c c o , 19 7 3 ) .

‘rhere c- i ra - ,- spec-a-es, such as P .c - i  c- is ’s- lo th s- a -’ a’ a , whose
various yeograhpic populations , including those separated
by the A t l a n t i c  Ocean , are p e r f e c t l y  i n t e r f e r t i l e, w i t h  F1
hybrids which are often heterotic. Populations of other
species , like P .c - n - a-a’ a’ - ’’ a’ ‘ n c - l a s- a- , s - r n ’  interfertile but there
is -,-s-’idence of an inc-i~a c - a --c -’a - t reproductive isolation. The
most interesting case concerns 7/ c- i c - ‘i o , a ’ c- ia, n - ” r , whose
d i f f e r en t  geograph i c  p o p u l a t i o n s  e x h i b i t  all s tages  of re-
,s-r -ductive divergence ranging from complete
i nt e r f e r t i l i t y  to complete intersterility , with the fre-

c- a-a-cot occurrence of “ relative intraspecific- incompatibil—
is - a” . A detailed account of this situation which in many
respects resembles the case of Di - n ’ O c -  a - Si -a- pc - a c -i ’Pa ’ ‘e’ ,, Is
a n  course of publication (Volkmann , Battaglia and Varotto) .

s- a-’ i s  now also the object of research on biochemi-
cal oolymorhp i sms . The f i r s t  r e su l t s  of e lec t rophore t ic-
ac-a-vestigations carried out for genera l  p r o t e i n s  and fif-
teen enzyme systems in seve ral species , races , and geno—
a- vpes , show th a t  s-he b iochemica l  s i m i l a r i t y  increases  w at h
c-’he dea-:ree of tc-axonomic- affinity (Table 3>

Ihe cases jus t described indicate the usefulness and
relevance to the geneticist of some species belong ing to
s-ia- c ‘ fouling ’ comm un i ty  or closely associated wi th  i t .

Both the discove ry of easily reared benthic- species ,
and the increas ing applicat ion of elec tropho retic analys is ,
na-ave disclosed new perspective s to the study of genetic-
di v e r s i f i c a t i o n  in the mar ine  h a b i t a t .  We sha l l  see now
oo wha t  e x t e n t  the resu l t s  thus achieved may he lp  the ma-
r ine  ecologis t  or the biological  oceanographer  to solve
some of a-is nroblems . For instance , the demon stra tion of
the ‘c -a c - lec -t ive  importance of certain biotic - envi ronmental
factors may lead to a new way of approaching the problem
of the ori g in and evo lu t ion  of ben th i c-  comm u n i t i e s .  This
prob lem w i l l  be more adequate ly  dealt wi th  i f , in addition
to the genetic research , other kinds of studies are c-on—

• f iucted a i m i n g  to de tect the n a t u r e  and f u n c t i o n  of possible
chemical mediators. In the final analysis these mediators
represent effects , fa r from negligible , of genic action.
This approach will contribute to a bette r und- rstanding of
the adaptive and evolutionary strategies u t i l iz e d  by the
organ i sms  l i v i n g  in the sea .

_ _ _ _  _ _ _ _  _ _ _ _ _ _  _ _
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The ra - a s - u l  ts of  genn - I i n ’  S t a - m s - i  i s - - s  c o n d u c t a- n I On I aul I ng
species c-an a l so  he l p to a-’ lu c ic la te  sonc na ’ a r c - i b i s - c - m s  of  i c - a s - v a - i
bio logy  with special n’ s- c - c - n a -- a - -n n a to the question of nt ’-r-
r el a t i o n s  betwee n l ar v a l and  a d u l t  S s - c - a n j a ’ s .  i s - n - n  ii n c - c - s s - } a - , - con-
s i d e r a t i o n  of b i o t i c  f a c t o r s  of s e l s - - c t i o n  -.~- i l l  c - r o v i a l c - -  - m
u s e f u l  background  for  a fart t a - a - ’ r discuss ion of this i a n t , e r—
esting point.

We have already seen how , in /‘ -‘ ,‘/ ~~~~ 
. n ’ u / n - c- c - .  ‘ a , -a -n il ’s-n-

T. a -’ , - n - c-’ , - n , a a  a- , biotic factors aç7ear to pin - am y a t
a- a r  oar ’s-

significant selective role than physical facs-e a- ’a-; . The ‘-‘s - ’ r y
presence of another species in the culture vessel  of T.
‘ / , ‘ - / f , - n n , - ,-’ . c- affects the fitness of at least one of its b c-i .
In other words , interspecific competition in ,“ . ~1 o : a ’ , s - , ’ ’ ,s-
cond i t ions  the se lec t ive  va l ue s of c e nt  m m  genes to a con-
siderable degree . The an alysis of this ~hn’nomenon los },s - c~~ ’ r n
r ecen t ly  ex tended  to the leve l of i n s - a -  c - -c - s--c’ci f i c -  ‘a- c - a n  s - ’ t f  s-i c -n
(Fava 1974 ,1975)

With the purpose of determining in a more ri gorous way
the biotic factors of selection which s- ft - a - - , - t  c - h a -  f i t n e s s  a-- f

var ious  genotypes  of T. • ‘o - ! a ~, s - a , n  ‘
.‘
, f i ’ ,’~ t y p e s  of e n - nrc - c - r i —

men ta l  popu la t ions  were u t i l i z e d :
1) P o p u l a t i o n s  s t a r t ed  w i t h  eq ua l c-a -or- h ers  of virgin fe-

males and males  of the  three  jema - ca -t rs - c- e s (j’, ci’ , PP a- t
f(p) = f(P) = 0.5 in 11ar t y-”~~a ’ i nta’r J ProPortions.

2) Populations started with equal n ua-a a- c-a -nn rs of heteno—
zygous females and males;

3) Populations started with equal n umbers of recessive
homozygo us females  and dominan t  homozygous tea’s- a les ,
each fertilized by males of the same genotype ;

4) Populations with v i r g i n  f ema le s  a n d  m a l e s  of the three
genotypes at f(p) = 0.2 , f(P) = 0.8 in Hards-’-ic’- :s-h aac-rc-
proportions ;

5) One population as in 4) but with f(p) = 0.7 and f(P) =
0 . 3 .

The gene f requenc ies  in these p o p u l a t i o n s  were  fob-
lowed for about fifteen generations. The results s a - m n c - g e s t
interactions between genotypes which may affect their sur-
vival. The interaction between adults and larval st ac -na -as
appears qui te rema r k a b l e .  F i t n e s s , in P - b ’ ! - ’ ‘L o c -’ a-’e- .- c -’,’ , as
a f u n c t i o n  of the g e n e t i c  s t r u c t u r e  of the p o p u l a t i o n  and
of popu la t i on  dens i t y . C e r t a i n  compar i sons  seem to indi-
cate that sexual  se lec t ion  is also i n v o l v e d .  “he se lec -—

• tive pressure is then determined by a great number of
biotic- components which operate in the various stages of
l i f e  cycle , similarly to what has been described by Kojima
and Tob ari (1969 ) in ‘ a- ’ - j-8 ’? a - . I t  seems reasonab le  to
suggest  t h a t  in P . , ‘ c-l o d ” , s - c - c -  -‘ ‘

, a t  l eas t  under  these experi -
menta l  cond i t ions, a f r e q u e nc -y - d e p e n c l en a -t  m e c h a n i s m  is
invo lved .  E q u i l i b r i u m  cond i t i ons  wou ld  thus  be d e t e r m i n e d
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na - a t . c - s - na - li’ by t ms -a-- t a - c - r a - s - n a l ’  j u t e  s u p a - a r n o r a - t y  but s - ic - c -u , or I c - c - c- ’~ c-s”
i c r a t l y, by c-i p l n c - J a s - ’ s a - ; i v a - -  m i a n i m i z . n t  i o n  of sn ’ l a - a a - n - t j o a - m  a-a-’an c - f f i —

c - i a - - n i t c - a  ,a a n a - an ja - a jl lb t ’L - a a - n s - -  c-~ -pn ’a - s -~n c ha - -a - I .
A m a - - o a ; a - ’ c - n , i b l e  ia -a l - i s - a - s - t i m - a c - l a  to asp i c - a nn I t a - n :  m a a - e s - ’ i m c - m n c - t s r n s

t h n n i a - a - c - j i n  wa s - i c - h ca - )a - aa - s a ’t a - I n g c - a - I - n c -a- ’ Las - s or ‘ n c - a n a - u t i ’c- - ‘n-a - a - - - ’  i t  I s - s  t I n - c -

‘ a l a n a 1 1 -  r a- urn ‘c - a l, a-an - n-i a-c- I a- _ a- - r ,n i c  a-Je n c- - mc- is - ‘ t n n  ‘ c - - a- cab i r a  s-c c-a- a - as - L i  ala-
T i a i s  is s ur s -por c -.n c - d ha - ’ I t s - a-: a - - c - r u bs-s s - a - I  e t c - a r c u - n ; c - n - r i r n c - c - n t s
c ,a -rr a - c - n i  o a - a ta- to ta a - - s t  a - -a - I a - c - h a - a - a r , in iT . , ‘ / n , ’ / a -’a c -’ n , - in ’ , c - t n- . a - a - ur v i v-nl
at  - p - c c - a - c -c- c- m i s -  - c - n a - s - r n  n au p li nn a ; to a - a - a - c - a , 1 t ic-m n -m y i a - n - s - i s - n ra - c - a - a - b’.’
a - li e presence of  et a- a - a r - j a - ’ nn- a - s -7 pe a c - in s - ta - a - - a c - m a - c a - a - a  c-a - c- ltur a - - VCSS a -c-i
In ,a- c- n a a-’; t, ser a- a- ’g cc -f a- c--c - c - a -n: n i a - n a - - a s - I s , ta- he s a n s - _s - a -  vs-I s - a - f n~a- a-n~. a- ii ,

was naa c - - , a - sa nn a- n - ,i 1) in c-a monomo rphic c ubta - r a - - , 2 )  in s -is ’-
-c  c - s - s - s - a - c - c  of s-dub t c - c - t a - c - a - cnn - a -i a-a-s , and 3) in s-l a  - - r a ,c - 5 a - a c - a -ca -a o f
ac -a t, PP I c c - a - c - I a - - s .  , - s - i mi l - a - r expe r’c-m en a~ was a - c - c - c - r r i e d  out w i t h

t b n a a - a - pbii. The re-nulLs indicate survi’:-a- l values sign s - t n —
c-s-sa - c - ’n t l y bower  1- a-n a - ’  m n c - n n n a - l i i , a- a- ac -p a - - c i a l by PP n c - a - m a m a - -lan a- i , coc - an p s - ,- t , n a- c n o
wi tia- c-i a - ia - a - i s-s of n-a di I s - n  n a n - c - n t  c - c - a c - m a o  ta-pa--

The oxis tna’nce of such a- c- a-c - s - c ’s-a c t i o n s  be tween c-~as-na-otypcc -s
of t i c - c - c -  s- c - ic - a -ne specs-es had c-already b- a--a - c - n det a- c --a-c- ta - c - a - i in Ta-’. c - c - a. - ’  c-
by so -n - c rc - il a u t h o r a a - , c’ . - s - • ,  Lewo n ti n , Geisbro t , Dawood ,
S t r i c -k t a - c - er g e r, H uana - a -j , S in g h , an d K o j ima ( see Fa va 1974 , 1975
for rein -re -ac - cc -a s) , who were abbe to demonstrate that the
matnenomenon is contra l b s - i b y a so r t  o f  ‘ a s - a - n - a c - a - I i t i o n i n g’ of  the
m e d i u m  by the biotic - products of the variou,c- qna’c-notypes . In
the case of i a - i s - c - c -, t h e  mechana - i sm may be ba sed on the prc-
duction of di ffa - aren ti a l toxic metabolites. Ic - c - c oc - a - c lu sa - -a ns -,
the importance of bios -ic factors in 7. - /a-a -

a _
-s- a . c- coula n be

sufficient to justif y the peculiar t y p e of g e ogr a p h i c
isolation occurring in this species.

The hypothesis of c-ac -ia-s-c - s-ic -al m e d i a t o r s  may he lp  i n  the
ic -a t e m p r e t a t i o n  of some mechanisms  respons ib le  fo r  the
di fference in ‘evolutionary histories ’ often observed in
fouling communities . Al la-a-c’ suggeste d as early as 1914

a that aquatic biolog ical associations na-ay condition the
s u r r o u nd i n g  medium by means of s ec re t ions  or exc re t i ons ,
whose n a t u r e  and  biolog ical  e f f e c t  are one of t i n e  mos t
s i g n i f i c a n t  problems of s ine cology (or  ‘ mass -phys io logy ’ ,
to use Allee ’s term)

These chemicals  c - s - a n - m v have t rophic-  f u n c t i o n s, ,a-s shown
in P rovaso l i’ s ( 1 9 6 3 )  b r i l l i a n t  r esearch , de fense  f u n c t i o n s ,
or o l i g o d y n a m i c-  f u n c t i o n s .  The l a t t e r  opera te  between
i n d i v i d u a l s  bc-a-- l o n g ing to di f f e r e nt  species , by means of
‘ a l l eb ochemics ’ ( W h i t t - .a -k er  and Feeny , 19 7 1 ) ;  or , wh en c - i a c - d i —
v idua l s  of the same species are cons idered , by means of
pheromons or self—inh ibitors . ‘i’he pheromons  ac t  on the
reproduc t ive  behavior , on the social regulation and recog-
nition , and on the territorial delimitation. The self—
inhibitors act mainly by checking population densities.
The theory of the ecological i m p o r t a n c e  of c e r t a i n  o rgan ic-
compounds in the sea , viewe d as f ac to r s  involved in

a- ----- -a- “ -~ ~~a- _ _ _
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c-ornpet i  t i o n , s uccession n-and a- i n t e g r a l  icc -n o h  c - c - m a r i n e  cunc-nc-’ a -c - c -n n i—
ties , is especially to Lucas ’ ( 1 9 b 5 )  - : r n : c - I i t .  ‘l b s -  - i sa - c -  ot
the t a -.- rrn ‘ ect a - c - c r i nn - -s’ t n -  i n d i a c - - m t -. ’ t I n  sn ,’ e xt s - m s - i  cc-c-e~ a - b a - n’-
1 a - t n ’ S  ena-lowed -m ath s a - c -~~a i a - a - r  ci n s - g aa -’h’r a - - nc - aai c  - c s - - c - a - - m t  n c - s  I - a- as
ailso b a- -ca -a - rntmoa-iuced b~i Lucas .

As Pour r’ in a-L (1966) s t a t s - - a c - , consideration of physical
I ’ , a - c t o a -’ a - a , of the mineral et a - s - -a - a c - a - c - a - al s - :a - ’ r n a at i t ’ a - t - -ra - t s, and of
the t r oph i c  i n t n a- - r - o r g n - a - n i s m i c  r n ’ l a t i o n s h i ps , is not  s u f f i -
c i en t  to explain t h e  s ta -r u c-t u r e  o f  t i n ’  aa - 1c - a - s a t ic  coirs-murm i I i c - a s ,
c-a-nd a-a--von less their variability in time and spa-ace . ‘La m e
d i s c o v a - r r ’c- of  a,c - x t - c - n n a c - al me t a b o b i t e s  a c t i n g  as chemica l  n a s - c c - d i —
s-tons may ha-c -ps - -f u l ly help to  e n-c- p t s - i n  t h s - -  complex t c - h a - s - c - ,s-T~c- a a a - c - c - : a n
it s - n - u s - ac - c - a - a- ism and  a n t a g o n i s m  aia- rm va -a - l v ccd in the ra , - a t u l a t a i a - n nn n  of

- - ‘ -a : anna-a-n a t~ I es
To g ive an example , Aubert and coworkers (see Sara , in

press , for reference) have re cs -a-c -a-t~~’,s- d e s c r i t , c - - I  a p e t - n e c - c - i c
,aa 1’ St c , f l a -  of a n t i b i s - t i c s  i n  u n i c e l l u l a r  c - c - l za -a a ( ’, t ’ai c- -c - i c  a lgae  such
tha t  the b i o s y n t h e s i s  of a - c - a t  ii a - :a- . - a - n a  I subs tances  cs-n be
a c t i v a te d or i n hib i t e d  b y c e r t a i n  a s - l a - c a n -c abs  a cco rd ing  t o
t I a - e sc -c- son . Among the various c - -n - c - SO S illustrated b s-bc-s e
i - c - c - c -na -c -h authors , I shall cia -n Ot i on  the one concerning s-Ia-c me—
lationshi ps between the dynofbagellate P1 71- c-c- - n c - c - ’,”, “ n-a c - a- a - n - c -
a c - c - a - I  some diatoms : the former seems to c-Produce a rc-a - a - d i at c r
(a ac-rot e-in having a molecular a-a-r ight of c-a . 50 ,000)
capable of inhibiting the a n t i l n — i o t i a -c syn t h e s i s  in s - b c -  dia-
toms, which , in turn , would produce a mediator (possibly, a
a nuc-ls-r-’:aprcc-tein) capable of inducing in the dynofbagella~
the synthesis of the inhibitor. Feedback mechanisr ,aac- of
s - i a - i s  scs - s -, wh ich appear to be wide-spread in the ma n n-a-c,-
envi rons-a-a-a- nt , could ac-count for certain otherwise obscure a
variations in the equilibria of phyto- and zooplars-kton
a-cpulations .

The effects of external inetabolites are not cot-fined
to pelagic- life , but also concern in’c-teractions among ben—
c-c-a-h i c  organisms . For examp le , orga n i sm s of a spec ies may
t a-r e d u c e  s u b s t a n c es w h i c h , a l t h o u g h  u n d ef i n a b l e  ‘ - c- a c-c-

~~ t c - ’ a - a -- t , n ’ as pheromons , c-an nevertheless influence other
ic-a- d ivi Iuals of the same species , ba- i nducing self—antago-
nistic - reactions leading , i n  the case of c-s-cry hi gh popula-
tion densities , to an arrest of grow th and ra-a-- c - , ar o d u c tb o n .
Kmi i g la- t—Jones and Mon-sc’ (1961) extend- a-I this  sor t  of con t ro l
ma - c - e c -han i sm of i n t r a s p e c i f i c  c o m p e t i t i o n  to several  h e n t h i c
org;’-’l isms like ascidians , bryozoans , and sponges . Ti ey
cite another example , in the lif e o f sessile organisms ,
w i a - - a re a spec ial ro le is p layed by substances which attract
l a rvae , thus inducing s- las - c - t n to settle on substrates favoura-
ble to their further development. The f ixa tion mechanisms
in a- a 7lac -c-nn s /a -aLas --a-c-~ de,; and other barnacles are quite ‘s-c-c- Il
s tudied -- starting with the early investigations by
K n i ght -Jones  ( 1 9 5 3 )  on g regar ious  behavior  and c o n t i n u i n g
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up to the recent identification of s-ha-’ inducing substances
as glvco-protn -ins and nucleic acids (Gabbott and Larman ,
19 71)

Also important for the analysis of the recognition
mechanisms s-re- Crisp ’s (1974) observations , according to
w h i c h  the substance responsible for attracting the c-yprids
of ~~~• i c - L - a n , i , / n  a - c - na-nd !m’L r ’ a - l n j u , ’ “ a - - a - / c c - c - n e - c -, would be the so
call s- ad ‘a r t h r o p od i n ’ , a heat—stable proteic component of
the- cuticle- . It sea-c-ms that the reaction to the stimulus
takes p lace- thron,agh the recognition of a special molecular
con f i g u r at i o n  of the ‘arth ropodin

In phenomena of this sort (see also Scheltema , 1963) ,
w h i c h  o f t e n  i m p l y a n ra -c-c isc s p e c i f i c i t y  of  ac t ion , g e n e t i c
f , a c t o r s  mus t n e c e s s a r i l y  be invo l ved. Doyle  (1975 )  re cent-
l y a t t e m p ted to c o n s t r u c t  a theory  of ‘ h a b i t a t  se lec t ion
in varying en’avironments ’ , espec i a l l y  conce r n i n g  the settle-
ment of ia-a-lanktonic larvae of sessile marine invertebrates.
w it h  the  o b j e c t i v e  of p r e d i c t i n g  w h e t h e r  larvae w i l l  exh i-
b i t  h a b i t a t  pre fe rences , s e t t l e m e n t  behav io r  is t r e a t e d  as
c - a - Markov chain in which the transition probabilities are
the- probabilities of encountering a substrate , of me-tamer-
phosing on it , of surviving to the adult stage , or of
dying in the plankton . The mode l is illus trated by the
resu l ts of obse rva t i ons  on the se rpulid  tube—worm
Sn - - ‘a’ c - 9 - j ’ b oy’s- - an - ‘ c- . The relative attractiveness of fuc-oid
algae as substrates for larvae is shown to differ between
populations of S~’- c -’ c-’o a -n ’ ! -  a - c -~ Knight—Jones at an - . (19 71)
believe that these ins-es-population differences in :‘a i a - c - a- a -a a s -
mi ght not be due to a non—genetic- ‘conditioning ’ of the
larvae during embryogenesis. But even if the genetic- as-
pects of preferential settlement have not yet been studied
experimentall y, a possible clue to the problem is provided
by the variety of investi gation tools available today to
the marine ecologist. It will thus be possible to test
boyle ’s p red i c t i ons  concerning patterns of dominance and
additive genetic variation in pre ferential settlement of
1c-arvae . A prope r u t i l i z a t i o n  of e l e c-t r o p h o r e t i c  technique s
m i g h t  also pe rmi t  us to eva lua te the -c -x ten t  to which  the
structure of the fouling community depends on the genetic-
structure of the constituent species.

Another important aspect of the fouling community
lies in its possible utilization as an indicato r of environ—
mental auality (Relini , Barbaro and Francesc-on , 1972)
According to Redfield s-nd Deevy (1952) , this community may
be regar ded as a climax which is character istic of the

- 
- particular substrate and locality . In other woi-ds , its

structure may reflect the changes , natural as wel l  as
artificial , to which the environment is subject in time
and space . It  is reasonable to assume that what applies
to the community as a whole , applies also to its species
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a a n c - - aaib s- ’rs , v i a- a s s- ’ a ; s - ’ne t Ic n c - L i k e — u p  n c - an - a - a-- i a ‘a ’ x~ ‘ s - - i  t o  rn -c - f i n - c t
sta l e - c - t i  v a - - cia -v a- ronma-ac-n tn - a l - ‘ I n ,  a c - n s - ; a - ’ n c -  . S o c - a c -a-’ b c - a n  t h i  c sess lie
a c - r c - , m n’m as i ia -s , s - a - a - c - t i  as - ‘ c- ’ ’ ‘ a , n ’ ~~a - v s -~~a- - a “~~~ - t a f , a - v r a - r , a - i ,- 1 a -a- ’ m s - t n  r —
is- I I c - n a -’ s t u d i e s  a a - n n n c - ia-j f- a -  e a c - ts - i , l ia-;fa - i f  c - n a - i  to i-c-’ I n , m t c - n - a t - c - n t
,i ~ s - l~~~ i c - ui a r i a - -  a t - t a - r i ’ s - n  c - a - t e a - !  c nvi c - j n nc - c - a - s -’ c - a - t c - c c -  c-’ ‘ a - f t s - ’ c - t  t i ne
--js - s-~~e-tic structuc-’n - O h  i t s  t a - - a - i - m a - b a t  n - c - c s .  R e - s - - n r a - c - t a -  o f  s - t a - i s
k i n i d is c - n w  b - - n - a - a t  , s - a - r r a - e - d  out in our l a b s - c - r -’a- c- n r y , a- n d  s - t a - - -
I a- r s t  re - scab s-s a c - - I s - s - - a r  a~ u i t a - - n n r s- n c - a - iSin q .

O s - b c - ar h -n i t i a - a - - c -  o r g - a - n i a ; r c - a s , s a-ach ,aaa - ;a-z ”a a , -:! -a n, - , 7 - -n - - - , or
m’ - ’a ’,c- , could  a l so  be a - a - ’  i l i z c d  h r  - i n- ta n-c - I ina - j ths - ’ possibb cc-

a-ie-ve l epc-”a- ’nt o~ ‘n- - c - c - - ‘t i c -a - a - I  lv i n d u c e d  t a c - l e r a n c e  to c a - ’ r t a i  n

j, 

po llu s- c -a nt s . A few yn a- ’ a - r c - n  c-a-go, i i ry a nn s-nd l1 a - aa -mrc -na -c -rston e ( 1 9 7 1)
- 

- studied tla- e n-1 c - t n - a - jc - tc - atia c - n of s - n i - c - a - s - c - Il’ s - i a - s - n - t a - ’  T-a - a -’ - n - s - n - n - c - -  n - - n - —
- al a’ to ess - c - c - ir a - ne sa-diments n-. : a - a m c - t a i n i ncj h ig h concentration -a-s
of c- ’opp c-a- ’ r .  l i L a - i l ’, copper ,animabs survive is--c- pal bus -ca- ! a - i r a - - s - s
because s-hey havc-a’ da ve-loped a tol a--rance ta - a - t h e -  t n- c - i c
effects 01 - a- ’c c -pp a -a--r wia-ich is ne - i s - i a - - a -’ re,mdi lv lass-a rnor rena- c-i l l y
i n s - a c - a - c - ir s -a-I ba n a - on—s - ole - rain s - animals. The s i t a- u s - c i o n  is s ic - s i l a s -
t - i  t h a t  f - n c - n a - i  on old mine  da -amp s , s - t n-c - - ’.- popuba ti arm s of m s - a s - a l
t- a at n ,c-rani t 1 ~c- n a — p l a n t s  have evol ved. ~c-tac - ha -,- i l a - b y - a - n d  Ih rn -m ats - tn c- c- -, -,-

-
~~ ( 1 9 6 8 )  van e n -tube to demci n a - st c - c - a - t e the -j-.-c a - a - c - tic nc - it-a - i c-c- of this

- -c- ac - n - a - a - i ra - a n - c - s- olcrance to copper in c -i a a - ’ -~ c- ‘ a-c - a c - n . - ’ -

I n a- - a - n - ’l usion , the i n v e s t  i gas-ions rent - -- - -cd s- Ia -- a )-,’- - are
e- - , in - c-i a t ‘c-c- of the y rows-ng importance of a na -u i t i di s a - c - i~c - l inn - irv
s - - a c - a s -a- o n - c - ,  c - c  a better understanding of the  f,a - c - c - t a , r s  - ,c - c - ) ’, ’ a c - m n —
i n c - a a- s - a -’ 0 ’ s - t i n  and  e v o l u t i o n  of f - a i l i n g  c o m m u n i t i e s .
T i c - e s - n ’ , cc- s-tie same t ime , p rov ide  a new tool t a r  t a c t -  l i c - i s -
a ‘a- - c - i r a - c a - n - -  of pr-aa-blems which require far s-ta - c i a - c - sol a - t a - on
observat - ac - c - s in nature combined with laboratory experimentan-

a- tion. -
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SOME CURRENT PROBLEMS IN MARINE GENETICS

James L. Gooch
Department of Biology

Juniata College
Huntingdon , Pennsy lvania 16652

INTRODUCTION AND BACKGROUND

There is a large and w idely sca ttered literature on the
development, morphology , physiology , and behav ior of marine
invertebrate larvae. Investigators have frequently noted
intra- and interpopulation variability in these traits and
have ascribed this variability , in part , to genetic differ-
ences. Al though such oblique refer ences to larval gene tics
are common , there are at present ve ry few papers on larval
gene tics ou tside of the special ized li terat ure of she l l f ish
mariculture. I shall use the dearth of primary litera ture
as license to broaden the scope of this review to genera l
problems of marine genet~ cs and dispersa l.

The genomes of organisms have always been regarded as
black boxes , and for good reason : one can study morphology
if one has only the an imal , physiology if one has the living
animal , bu~ genetics only if the animal will cross and re-

~roduce in the laboratory . The few marine invertebrates
w ith which controlled cross ing has been achieved , such as
Dr. Bruno Battaglia ’s Tis b e , have yielded much valuable
information . Although there is no substitute for the genet-
ic dissec tion of organisms by controlled crosses , linkage

4 study, and karyotype analysis , much can be learned from
allozyme studies of organisms . Allozymes are protein mo-
bi l ity var ia nts on electrophoresis  gels r e su l t ing  from
:~ut~~tional alterations of the corresponding structural genes.
Allozyme patterns are translatable into single-locus ge—

• notypes of individuals , and these in turn are pooled in to
the bas ic parame ters of popu lation gene tics , the frequencies
of genotypes and alleles in populations. Since the incep-
tion of allozyme studies over a decade ago , it has been
possible to ex trac t genotypes of up to abou t th ir ty pro tei n

• loc i from genome black boxes.
Larvae are prereproductive individuals by definition
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and so are a step removed f r u n~ the turidainuntal process of
microevolution , the differential reproduction of phenotypeD
and correlated genotypes. Thic does not reduce their im-
portance in adaptation and evolution . The unconscious
supposit ion that a larva is only the unformed precursor  to
the moult organism , like the acorn ~o Aris totle ’s oak ,
w i l l  n~~t stand examinatlon. P.1 1 stages of the lif e cycle
are eguall y f~~ with ac~~p t a t i  ‘a’. to the immediate ~uvi-re~nm ent  wh i l e  t i n u l  t aneous l y f u l f i l  l~ ny f ur  ct i ’a u s  t h a t  h~~v u
a l ap t i ’.’e IaorIn! ly onl y to l a t e r  stagc3 .  Thus , ~~~~lt ~ CO’a

~~~ ‘fle e ae r c jy reserver in  m an ’ a fn c tu r in g  gametes ;  au ~ d~~sj ~cr-
u l~ ~ I arvac exper ience  m o r t a l i t y  I r. l o c a ti n g  ru bst ~~a te r
s ui t a b l e  for  a d u l t  f e e d i n g , gr owth  ar~ r:pro:luction.

~puc!JE  w i t h  p la n kt o t r o p h ic  l a rvae  or :  t emporal iy  p°11-
:aorp:~~f r , w i t h  the l a r v a l  s tages  as th e  agen ts of d~~spersa1
and the a du l t  as the reproduct ive  s tage.  This t un ct i on a l
d i v is i o n  of the l i f e  cycle means  tha t thc urJ t processes c f
e v o l u t i o n  act somewhat d I . f fcr en t l ~y in l a r v a e  and in a d ei t s .
Tha nost  important  of these prccesres are r ecrgn~~zed a~( i )  Pr it at ion , ( i i )  randor~ d r i f t ,  ( i i i )  m ig ra t i on  and gene
f low , and ( iv )  n a tu ra i  se le c t i o n .

( i ) .  Larvae are not  the prcgcai tors  of m u t a t i o n s
except  those occurr ing in the rud~ monts  of germinal  t I s sue ,
and they  do not t ransmi t  m u t a t i o n s .  However , the adaptabi-
l i ty  of a new muta t ion  is first tested by the l a r v a e ,
prov ided the mutant locus is functional at tha t stCce.

( i i )  . Random d r i f t  va r i e s  inversely with popu~ atiersize , whereas the local population raze of a rpcc~~es is
usu all y at i t s  peak shor t ly  fo l lowing  reproduction. Dis-
persal and mortality may decrease the :!arval denritl ~~much tha t new habi tats are cele ri zed by a few indiv ~~du e l c
each. Aggregative tendencies of larvae or thc~ r attraeuaon
t: specific habitats or conspec~~f i c  adul ts oppc~ c thac
~ttenuation. Small-scale colonization brings about drift
by the ,~

‘euuier prin~ iç e .  the randor~ alteraticr of gene
frequencies due to the sampling error arising ~n the
founding of a small gene pool from one much larger . There
will also be a loss of heterozyc’osity amounting to about
the f r ac tion~~ Ne durinq the foundation ep isode , where N~is the number of effectively (and randoi tly) breeding cc~
lonists (Crow and Kimura , 1970).

( i i i ) .  M a r i n e  1a 1v0e are func t io i aliy ai~alogous to
plant  propagules . Thel a d dit i o n a l l y  mo~ be s el f - s u s t a i n in g
(p lank to t roph ic  larvae)  dnd exerc i se  sorr e c h o i c e  of se t tl i nc ’
site. In dispersing animal species it i~ n o r m al l y  t h e

• young prereproduct ive  animals  that  migrate (Wilson , 1975).
This is undoubtedly an evolved response , S1uC~& these in-
d i v i d u a ls  have the hi ghest reproductive value. The re-
productive value , ~~~~~, is the relative niumbei of female
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offspring that remain to he born to each female of age x,
and is calculated from age-specific survivorship and fei-
tility rates. The 

~x in d i spersing species would probably
be at its highest inThettling larvae which had already
experienced the severest mortality, but had not yet begun
reproduction .

(iv). Natural selection operates from the time of ga-
mete form ation un til the V~ of survivors reaches zero .
Th rough mortality , selecti6n acts negatively, as a culling
agent of phenotypes and genes. This is the only mode of
selection in larvae , which can only be conservators of genes
Among surviving adults there will be variance in genetic
adaptability which will result in variance in transmission
of genes to the next generation. This more positive aspect
of na tu ral selection applies to genes but not to genotypes
wh ich are broken down into constituent genes and linkage
groups in meiosis of dioecious and outcrossing monoecious
organisms . On the other hand , much or all of the success-
f u l  parental genotype can be passed on intact in asexual
reproduction , thelytokous parthenogenesis , and self—
fertilization .

On the whole , parthenogenesis and selfing are subsid-
iary to bisexuality in marine invertebrates (reviews of
marine reproduction in Gardiner , 1971, and Whi te , 1973).
This means that the survival-tested parental genotypes are
not conserved . From this fact it has been inferred that
temporal va r iab i l ity of the parental environment  makes it
an uncertain predictor of reproductive success of offspring
(Wil l i ams , 1975). A better strategy is to couple the vari-
ability generating feature of sexual reproduction to the
dispersal capabilities of larval migration to maximize the
number of hab itats occupied and improve the match between
some of the new genotypes and their environment . Many mem-
bers of the f o u l i n g  community , such as sponges , hydroids ,
bryozoans, and asc id ians, emp loy a double strategy by which
the orig inal genotypes are extended spa t i a l ly  in sz tu by
colony formation while long range colonization is by larvae
resulting from sexual reproduction (Williams , 1975).

Mutation , dr i f t , gene f low , and natural selection in-
teract to effect evolutionary change . At the present time
it is not known whether evolution is brought about princi-
pally by the cumulative changes at many independent loci ,
or by non-additive multi-locus epistatic effects. There is
some evidence in vertebrates that changes at regulatory
rather than structural loci are most significant in evolu-
tion (King and Wilson , 1975; Wilson , Maxson and Sarich ,
1974). Operationally , population biologists assume that
the unit process in evolution is a change in allele frequen-
cy at single loci. This level plus the investigation of

87
k.



linkage or selective association of alleles at a few loci is
all that can be handled in allozyme genetics studies. This
is also the level of this review .

Mutation is too slow a process to figure impor tantly in
short-term genetic studies of natura l populations. Random
drif t, gene f low , and natural selection can be very impor-
tant over single generations . The magnitude of drift is a
func t ion of population size and breeding structure , that of
effective gene flow is a function of the proportion of
migrants and genic differences between exchang ing popula-
tions , and that of natural selection is a func tion of the
fitness variance in the population (Fisher ’s fundamen tal
theorem , 1930). The effects of genetic drif t are to dimin-
ish genetic variability within populations (by ½N0/genera-
tion) and to genetically differentiate non-exchan~~ing nei gh-
boring populations . Both effects are expressed by ,~~~

, the
inbreeding coefficient of a population and the variability
of gene frequencies among subdivided populations. A
measure of the latter calcula table in allozyme studies is
the ratio of variance of allele frequencies among popula-
tions to the theoretical variance if all populations were
fixed for one allele or another (Lewontin , 1974)

2

j~ (l-p ~
is the mean value of the frequency of ~ over populations.

Mi gration and gene flow reduce the rate of subdivision
by drift. At equilibrium between migra t ion and d r i f t
(Wri ght , 1940)

L1= 1
1 + 4 N~ fft

where in is the proportion of genes received each generation
from an infinite pool of genes. Practically, this  fo rmula
is difficult to use because !~e 

and rn are likely to be un-
known . Original ly  Wri ght ( l 9 4 0 )  u t i l i z e d  this  fo rmula  in
his island mode l of migration , in which all “islands ” or
clusters of animals exchange genes equally with all others
and the population size of each island is identical. These
requirements are clearly unrealistic for marine larva .
There is also a family of eoatinuous models of mi g ra t ion
and drift in which a single continuous population of con-

• stant standing density of 1-, 2- , or 3-dimensions is
assumed , and s t e p p ing-stone models , which envision equal—
sized population clusters strung out linearly or at nodes

• of a rectangular lattice exchanging migrants isbtropically
in one or more dimensions with adjacent populations only.



V a r i a n t  models also inc lude  a long d iu  ~uce nil y r a t  i o u
p a r a m e t e r .  Kimura and Weiss (1964) g i V e  the  f o l l o w i ng
f o r m u l a  fo r  gene f r e q u e n c y  v a r iar ,c e  over  ~opu 1at  ion s  in  a
1—dimens iona l  s t e p p i n g - s t o n e  model , w i t h  m as s h or t -i h ;-
tance migra tion and rn ,, as a loa~~r rate of lonj—distu cu
migration:

—

Natural popu la t ions  w i l l  ot , of course, be of uoual
size nor will migration be isotropic. Dimensionality will
also not be a whole  i n t e g e r .  The l a t t e r  can be e s t i m a te d
by counting the number of p o p u l a t i o n s  w i t h i n  each con-
centric radius r from an initial population (Cavalli-
Sf o r z a  and Bodmer , 1971) . The number of p o p u l a t i o n s  w i l l
be independent  of r in a 1-dimensional  d i s t r i b u t i o n, bu t
w i l l  be an e x p o n e n t i a l  f u n c t i o n  of r in m u l t i - d i m e n s i o n a l
a r r a y s .  The number of d imens ions  w i l l  be the exponent  of
r p lus 1. In the Parma Va l l ey  of no r the rn  I t a l y ,  the
2 — d i m e n s i o n a l model g ives  the best f i t  to v i l l age  di s t r i -
bu t ions  of humans , bu t  d i m e n s i o n al i t y  is i n t e r m e d i a t e
between 1 and 2 at hi gh a l t i t u d e s  (C a v al i i - S f o r z a  and
Bodmer , 1 9 7 1 ) .  In the sea , d i m e n s i o n a l i t y  is doub t i e s ;
g rea te r  on the c o n t i n e n t al shel f  than in narrow e s t u a r i e s
l i ke  Chesapeake Bay . In s t epp ing-s tone  models g e n e t i c
cor rel at ion f a l l s  o f f  wi th d istance least rap idl y in the
3-dimensional distribution and most rap idl y in the 1-di-
mensional distribution.

The mi g r a t i o n  f o r m u l a s  make too m a y  simp l i f y ing
assumpt ions  to be h e l p f u l  to m a r i n e  b io log i s t s, except in
a genera l  way .  They do have po t en t i a l  u t i l i t y. Of t h e
parameters  e~ 

p,  ~~~~~, and rn , p and p can be r o u t i n e l y de-
• t e rmined  for  severlil loci by a l l o z y m e  e l e c t r o p h o r e s i s .  I t

should be poss ible  to a p p r o x i m a t e  )ie in some cases , l ay i n g
rn , the propor t ion of m i g r a n t s ,  de tei l ininable  fr o m  t hL.  a : i c u : t

of gene t i c  d i f f e r e n t i a t i o n  among p o p u l a t i o n s . I l owev i r ,
the as sumpt ion  mus t  be made t ha t  n a t u r a l  s e l ec t i on  has  no
e f f e c t  on gene f r e q u e n c i e s , and t h i s  a s s u m p t i o n  is ~ resent-
ly unwa rran ted .

If allozyme alleles are alike in adaptivo alue they
are  selec tively neu tra l . Thei r u ti l i ty in p op a l a t i o n
studies would then he as neutral markers for the action
of d r if t and mi gration. If they  are  u n l i k e  in •r~i a p t ive

• va lue  they w ill be sel ectiv el y discriminated by the en-
vironmen t and they lose much of their value as markers.
For example , an a l l e l e  t h a t  h a s  a u n i f o r m l y  hi gh a d a p t i v e
value over several populations will resist drift , j u l  the
v a r i a n c e  of gene  f r e q u e n c y  over the  p o p u l a t i o n s  w i l l  be
s m a l l e r  t han  the  N e wou ld  ~ r e d i c t .  On the  o t h e r  h a n d , i f

~iz~ T• :~~i.



tr~e adaptive value of the allele is hiqhly variable amonu
popula t ions, rap id genic different’ation will result ,
mimicing the effects of rapid drift and low m i q ia t i or
rate . Since drift anu migration inevitaDi~ at f e c t  a ll  Ioci
of the genome a t  which  gene frequencies differ , whi le
selection may act differently locus-by-locus , it is oc-
casionally feasible to determine if selection is operatine
or not. Nevertheless , the u s e f u l n e s s  of polymorpnic allo-
zyme loci would be greatly clarified if it was known
whether most alleles were neutral or selectee . There is a
burgeoning literature on neutralist versus selectionist
interpretations of allozyme polymorphisms , ane it would be
inappropriate to pursue this subject here. Most f ield and
experimental evolutionists are selectionists by inclination
and they have assembled considerable evidence for genetic
patterns in nature that support their view .

MEASURES OF GENETIC DISTANCE AN D SIMI LARITY

When two populations are compared at an a l l ozyme  locu s,
they may show any amount of genetic difference. Statis-
tically non—significant differences in allele frequencies
indicate , of course , no detectable differentiation .
Higher levels of di f f e r entiat ion are indica ted by : (1)
identical alleles present, but at significantly different
frequencies; (2) partially non-overlapping suites of al-
leles present; and (3) no alleles in common. Several
coe f f i c i ents or indices  of genetic d istance have been
formulated to express differentiation usually on a numerical
scale from one to zero . Of the commonly used c o e f f i c i e nts
two , those of Rogers (1972) and Nei (1972), utilized allele
f requencies  and one , that of Hedr ick (197 1 ) ,  is based on
genotype frequencies . Allele frequencies are more appro-
priate for estimating evolutionary distance (as predica ted
on shifts in frequency and substitution of alleles) within
and between taxa . Genotype frequencies better reflect
actual gene distributions over an area , and add itionally
take into account the breeding structures of the popula-
tions. For example , all indices work well for  loc i in
Hardy-Weinberg equilibrium for which their mu tual cor-
relation coefficients are high (about 0.97; Hedrick , 1975) ,
but only the Hedrick index is sensitive to departures from
the H-: equilibrium , indicating possible inbreeding or
migration. The Hedrick index , by way of example , is g iven
below : E2.~ Pj .~

~~~~~ 
3-1

— 

~(z~- p 2
~ .~~~ 

~n ~~~~
j =1~~~2 — j = l ~~~~~~~~
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P~~. 
~ is the f r e q u e n c y  of the  j t h  qenotyoc in p oou lat ion  x ,

n n J t h o  number  of geno tyne s  is n .
Ind ices  of g e n e t i c  s i m i lar i t y  are u s u a l l y  presented

i’~ a N x N m a t r i x .  G e n e r a lly  the indices  of a l l  poi y—
mo~~ i ii c ion , or even monomorph ic loci , are pooled to g ive
the bent estimates of genetic distance . As Hedrick (1975)
)Lntn o a t , t h i s  nrocedure loses much information because

pa~ t.erns of d i f f e r e n t  loci are often discordant over the
se: ie g e o g ranh i c  r a n g e .

THE RELATI ON OF ALLOZYME AND PFI EN E TIC DIFFERENTIATI ON

Surveys  of 15-30 p ro te in  loci have been comp leted in
dozens of vertebrate m d  i nve r t eb ra te  species in order to
obtain estimates oi genetic variability . At th e present
t ime the most comprehens ive ly  examined groups are man and
t h e  o the r  primates , small  rodent s , some salamander s  and
lizards , and species of Pie rh ilo . Among marine inverte-
bra tes , ~‘.til .s (Boy er , 1974 ;  Koehn and M i t t o n , 1972;
Levintoni , 1973 and several studies pending ; Mi lkman and
Beaty, 1970; Mitton , Koehn , and Prout , 1973), and to a
lesser extent Tott r~ na (Berger , 1973 ; Ga ines , Caldwel l
and Vivas , 1974 ;  Snyder and Gooch , 1973), the ectoproct
~~~~~~~~ •~ l l ~ (Gooch and Schop f , 1970; Gooch and Schopf ,
1971; Schopf , 197 3) and the pol ychaete Cereftell z (Grass le
and Gras sle, 1974) are best characterized .

The propor tion of pol ymorphic allozyrne loci in in-
vertebrate populations ranges between 25 to 75 percent
(Avise , 1974). :r -mh ’ lc s tudies  weight  these es t imates
heav i l y ,  but  they are probably substantially correct for
mar ine  invertebrates. Range-restricted small populations
cut o f f  f rom gene f low and probably inbred show lower
levels of genetic variability (Avise and Selander , 1971);
t: hs ter , Selanider and Yang , 1 9 7 2) .  Other genera l iza t ions
for invertebrate genetic patterns are that monomorphic
populations are usually fixed for the same allele through-
out the species range , and that variance in allele fre-

~ ‘i encies over populations tends to be lower in inverte-
brates than in vertebrates (Avise, 1974). Acceptance of
these conclusions should be tempered by the realization
that most geneticists regard Dro sophil a as the “typical”
invertebrate and extrapolate accordingly .

Avise (1974) also tabulates average values of Rogers ’
coefficient of genetic similarity of conspecific and con-
generic populations for 11 genera of vertebrates and 1 of
invertebrates (Droso h i li ). Coefficients range between
.75 and .98 for conspecific populations and .21 and .84
for congeneric populations. Clearly there is general
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P ar a l l e li s m  between a llozynie  gene t i c  d i s t a n c e  and degr ee
of separation based on phonetic or breeding criteria.
N u v ~~’ th ie less , t he re  is no one v a l u e  tha t ind ica tes  the
threshold of speciation , and the conspecific and con—
generic indices do overlap somewhat.

I f  ind ices of genetic distance regularl y correlated
with phenetic differentiation allozyme methods  could be
used w i t h  c o n f i d e n c e  in s tudies  of evo lu t ion  and taxonomy .
In the D ! n n  llo •ol!int oni. comp lex of species, ailozyme
d i f f e r e n c e s  have  served to d i s t i n g u i s h  s i b l i n g  species
(Aya l a  and Powell , 1972 ;  Ayala  and Tracy , 1 9 7 3 ) .  The
ectoprocts O I J O  i i  S t o i i of l iJ  r i , B. s im ~ 1 .c, and i. t i i r  ~~~
f rom Cape Cod , Massachusetts (Gooch and Schopf , 1970 , and
unpublished ) show moderate phenetic differences , but their
pro tein pat terns  of esterase , and mal ate deh ydroge nase
gels are qui te unl ike (F i g. 1) . In these examples gene t i c
d i f f e r e n t i a t i o n  at the pro te in  loci exceed s ph o n e t i c
d i f f e r e n t i a t i o n .

Protein patterns for the species pair of wha rf crabs
nam ~ o cieei oa and S. rctio •la ~ um at 10 loci g e n e r a l ly

show small  mob i l i t y  d i f f e r e n c e s ,  i n d i c a t i n g  t ha t  at  the
ma jor ity of loci the two species are f i x e d  or s eg rega t i ng
for differen t alleles at homologous loci (Fig. 1) . A few
a l l e les  are shared by the species (Gooch , submi t t ed  fo r
publication) . Here , small ohenetic differences are
para l le led by approx ima tel y c~ uivalent genetic differences.

Several recent studies have shown that phenetic
d i fferentiation can also greatly outstrip genetic dif-
ferentiation. ~4. S. Johnson (1975) investigated allozyme
variation in 3 species of fish of the genus . ‘ :~~zia
(Teleostei , a th e r i n i d a e )  , n n ile een iLii , Y. ~~o i  

• 
I lie:

and 1. me :alc; c along an extensive A t l a n t i c  Coast t ran-
sect of North America . At least 2 of the 3 species are
sympa tric over much of the range between New England and
Texas , and the author tested for concordant variation to
salinity and tempefature gradients. To summarize a good
deal of comp lex data , a l l e l e s  at some loci in some species
comparisons var ied concordan t ly bu t  most did no t .  More to
the immedia te point , IV! . ocr~-ldia is quite variable phen-
etica lly  over the tra nsect, bu t there  is much less gen etic
variation. .1. ber :ll in: , on the other hand , is more var-
iable in allozyrne frequencies than phenetically . Protein
genet ic  d i f f e r e n c e s  cannot  be used as a r e l i ab le  p red ic to r
of phenetic differences in the genus .

More striking is the study of B. J. Turner (1974) on
5 species of the genus C~~~rinodon (pup f i s h )  i n h a b i t i n g
mos t ly  d i s j u n c t  streams and lakes of widely varying tem-
perature and salinity of eastern California desert basins .
The species of pup f ish are a l l  readi ty distinguishable in
meristic and quantitative traits , den tition and behavior .
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MDH MDH GOT PGM PGL EST

I I I

A B C  ~~~~~~~~R C R C R

F i g .  1. Typ ical enzyme m o b i l i t y  patterns for congeneric
species. Malate dehydrogenase ( MDH) pat ter ns are composed
of similar elements with strikingly different mobilities in
the  Bryozoans  ~~ijo o u tol onir?1 2 ( A )  , B. ~uIu i t ( B )  , and
B . . ~ i’:: I a ( C ) .  The b r ach y u r a n  crabs 3cnei~~ : ‘n~~i’e o- ( C )
and S . r :  ~~!: c (R) differ only sligh tly in mobility at
mala te dehydrogenase (MDII ), glutamate oxaloacetate trans-
a m i n a s e  ( G O T ) ,  phosphoglucomutase  (PG M ) , phosphoglucose
isomerase ( P G I ) ,  and es terase  (EST) loci .

4

£ NEW PORT
ESTUARY

~~~~~~~~~~NTIc Oc E4N~~~~~~~~~~~~~~~~~~~~~~~~~~

Fi g . 2. The Doi1e03 transect from Fort Macon to the New-
port River near Beaufort, North Carolina . Localities are
given in Table 2.
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P r o t e i n p ln n o t y p s fo r  3 1 — 3 8  i n fe r r e d  b c  i were  d et er mi  r~ -1
in t a l l  ~ h cc i es and man y p r ( ) v (  d to be i den t i c a l  . Tie
iii . i i c e : ;  t p iletic s i m i l a r i ty  in  the  species  m at r i x
r a i i p d  i~~~~~~ s e i; .808 and . 9t8; indices were simply a pro—
port lena lit ’> of al  lele—d ivergjunt to al lele—sa; ;e coinpari—
sons , w h i c h  u l i o u l d  y i e l d  v i i  t e n  fa  i r v s i iri j 1 ir  to those of
the Ro~~~rs ’ in d e x , (Yang , Wheeler and Bock , 1972). ‘rhose
in t ~~r e 1 c c if ic  c o e f f i c i e n t s  are in the  m i d d l e  of t he  i n t r a —
species r a n g e  as g i v e n  by Avi se  ( 1 9 7 4 ) ,  and a g a i n  show
t h a t  r ange  d i s j u n c t i o n , phenetic differentiation , and
spcciation can occur without much differentiation at
p r o t e i n  loci .

A last example is that of the land snail of the ge us
01 investigated near the s e t t l e m e n t  of Pongo Carpet  on

Great Abaco in the Bahamas (Gould , Woodruff and Martin ,
1 9 7 4 ) .  ‘m e l o n  is famous for its extreme phenetic diversity
on islands of the West Indies. It seemingly has undorcjone,
as Gould , et  al . put it, “protean speciation ” , with over
300 species reported from the Bahama I s l a n d s  a l o n e  (Clench ,
1957) . An undescr ibed  popu la t i on  isolate of snails near
Pongo Carpet  was ph o n e t i c a l l y  qu i t e  d i f f e r e n t  f r o m  C.
! •n i z l i i  over a k i lometer  d i s t a n t .  I t  in i t i a l ly seemed
deserv ing  of spec i f i c  s t a t u s .  When sub jec ted  to comp lex
m u l t i v a r i a t e  a n a l y s i s  of 19 morpholog ical attributes of
the  shel l  and to an e lec t rophoret ic  comparison of 18 pro-
tein loci , no sharp differentiation was found . The mor-
phometric study revealed an essentially clina l grad ient of
charac ters , and the genetic data gave evidence of virtually
no d i f f e r e n t i a t i o n  (Ne i  index of s imi l a r i t y  of 0 . 9 8 - 0 . 9 9 ) .
The au tho r s  concluded t ha t  the Pongo Carpet  popu la t ion , in
sp i t e  of i ts phonet ic  d i s t i nc t iveness, is only  a geograph ic
v a r i a n t  of C. be : lolli . Their  s tudy also throws doubt on
the legitimacy of the hundreds of described species in
this genus. Here the situation is exactly opposite of
that in LT�o ~ o dlla w i l l i s to ni; rtorphologically sibling
species may possess marked underly ing genetic d i f f e r e n ces ,
while conversely there may exist enormous phenetic diver-
si ty in some spec ies wi thout accompany ing gene t i c  differ-
entiation. That phenetic and structural genic evolu tion
and even speciation are not always  closely coup led is a n
important recent f i n d i n g  of geneticists . It seems in-
cr easing ly l ike ly that evolutionary changes are mediated
primarily by regulatory rather than structural loci
(Wi l son , Maxson and Sarich , 1974). The implication for
marine genetics is that the Mendelizing and biochemically-

• detected genes , which are the exper imental basis of the
entire evolutionary literature , this review included , may
be of only secondary importance in adaptation and evolution.

I
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F ’ iNVl :N’ l ’E B RA T E LARVAE

The extei ;oion of prote in ; -iu tics t~ o1 ;ae n c u ~
• of ~~ iuiderab~ e iute reut • . l~ ~uuld thI O be !oSS~~L~ 

;~~~
ize ~a~~t i c u 1a~ a l l Ies a~; t o g s  or ; a a r - e l n  of j U p U ~~~I - -

• i on s , •i ~~d to f , l  l o w  ce~~’ . h a  a t  ; : o t u r i r i g  irtdiv ~~ri iIs for
ny st rac ac s l i j i L ,  i :t  il~~e1 •- m qu a; ; t hat  i.~~u~ d i i u i c~~to

I IC op e ra t i o n  o f  :n tu ra~ se lect •; o n .  As was ota ted  e a r l i e r ,
ai loo i~~ a i l e l  c ’ ;  s hou ld  b e n t  ser v e  as p o p u lat i o n  m a ik e r s
i f  t h e  .~‘cr • •idap t i vei ’> ; u t r a l ;  d i f fer e n c e s  b et w e e n

•~e .  d nh  i i  ~ive  i n f o r m a t i o n  about  the e :no unt
of mi  ~i i t  ion .  If a d a p t i v e  v a l u e s  of ~c n o  typ e s  v a r y  geo—

• j r a p h i c i i l y ria ~~;:rol se lec t ion  m i g h t  g i v e  r i m e  to •Ji sco;c-
tinu~ a l e s  or d i n e s  between p o p u l a t i o n s  t h a t  would o t h e r —

• v i sc  be as c r i be d  to low gene f l o w .
D n a  iv ~f the Am e r i c a n  eel , d e J a  Ilic i ’~~. ’ t o t  . does

~ u ~~~~ sn  ~ l~ O t  u - I  e c t ion  can a p p r e c i a b l y  a lt er  a ll r b  e
~juenc ion nito it: ; s i ng l e  g e n e r a t i o n  ,‘ i l l i ai r i s , Kochu , and
~1 i t t c; , IY’D; • f bi • s species breeds over a small  occa ic

c -a ~~~ :- la~~t: a ; ’ p h u l u s  l a rvae  are  cu r r en t-d i spe r sed
‘o  the  ‘m e n  • a r ~ coa r  f rom:  n :  r t h e r n  South America  to the
Arctic . :~ ic v o e  sub : -~. a en t l y m e t a m o r p h o s e  i n to  e lvers
r h i c h  t h e n  en t e r  e s t u ~;r i es  a nd  coas ta l  s t reams . A d u l t s
t c t u r n  to pool th~~J r  g an e t o c a  in the same c i r cumsc r ibed
area , and it  is thoug ht  thit l a r v a e  are unab le  to n a v i g a te
to s p e c i f i c  coas ta l  l o c a l i t i e s .  Five  pol ymorphic  loci
• or e  in ;e s t i ga ted , m a i n l y  in young  e lvers , in popu la t ions
f rom N e w f o u n d l a n d  to F l o r id a . Four loci showed s i g n i fl o en t
jco~~r aph ic  d i f f e r e n c e s  in a l l e l e  f r e q u e n c y ,  3 d u a l
l a t i t u d i n a l ly ,  and one v a r y i n g  un s y s t e m a t i c a lly .  The most
co ar io n  a l l e l e  a t a phosphohexose  isomerase locus ( P H i ) ,  for
e u a a j le , va r ied  in f r e q u e n c y  N; about 0.15 over the tran-
n o c t .  An i n v e s t i g a t o r  k n o w in g  no th ing  of the  l i f e  cycle  of
A n - ; . ’ li -a m i g h t  suppose tha t the PHI d ine was an a r t i f a c t
of ~so1ation by d i s t a n c e  or p u r l i a p s  was e s t ab l i shed  selec-
t ive ly over a long period in response  to the l a t i t u d i n a l
s h i f t  of e n v i r o n m e n t .  If the l if e- c y c l e  of the eel is
correc t ly unders tood , however , gene t ic  d i f f e r e n t i a t i o n  must
be due to se lec t ion  over each s ing le  g e n e r a t i o n .  Select ion
may operate primarily on larval genotypes during the long
migra tion to th e coas t ra ther than in situ amo ng e lvers  and
adul ts; evidence on this point is lacking .

The bl ue musse l , d’ t~~ n edal-i n , has proved to be a
good research subject. Relevant papers were cited in an
earl ier section. Dr. Jeffrey Levinton is the reigning
mytilid expert and he will report his findings concerning
eco—genetic strategies of bivalve species under different
levels of environmental heterogeneity at this workshop.
shal l  b r i e f ly review the recent work of J. F. Boyer (1974)
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on si~:e — d e p c i i i ’nt  v a r i a t i o n  a t  t h e  LAP ( L e u ci n c ’  a m i n o —
p ep t i d as e)  locus in populations of I’ c / ~ / 1  on Cape Cod .
Th is species s e qr e ; a t e n  for thre e LAP a l le les , S, N , and F
(slow , middle and fist mobil ities on gels) t h r o u g ho u t  ito
r ange  f r o m  Nova Scot ia  to N o r t h  C a r o lin a . A l l e l e  f re-
quencies  a re  known to va ry  a p p r e c i a b l y  f r o m  Long Island
to n o r t h  of Cape Cod . Boyer samp led l a r g e  p o p u l a t i o n s
of m u s s e l s  of differ ent size classes from the mou ths and
i n t e r m e d i a t e  and upstream sites of 2 tidal streams and
ob ta ined  a l l e l e  f r e q u e n c i e s  a t  the  LAP locus . Here there
are no d irect data of l a r v a l  a l l e l e  f r e q u e n c i e s ;  b u t  fre-
quencies  can be followed in sma ll (presumably young where
environmental severity can be discounted ) to large (old)
adults in the same lo ca l i t y . A l l e l e  f r e q u e n c i e s  of re-
centl y—settled individuals should reflect parental allele
frequenc ies after subsequent modi ficati on by selec tica in
the larvae , and those of old ind ividuals shou ld record the
selective adjustment to the loca l site. Since l a rva l
d i spe r sa l  is cons ide rab le, most s e t t l e r s  w i l l  not have
been recrui ted l oca l l y  and may not be well matched genet-
ically to local condi t ions, thus accentuating the chances
of finding (1) size—specific shifts in allele frequencies ,
and (2) deviations from the H-W equilibrium as p a r t i c u l a r
genotypes drop out. The frequency of S proves to be homo-
ieneous over all populations in mussels smaller than

• d5  mm. There is i n c r e a s i n g  h e t e r o g e n e i t y  of l a rge r  s ize ,
however , w i t h  both s t reams showing a d u a l  dec r ea se  in
S ups t r eam in l a rge r  i n d i v i d u a l s .  Both s t ream m o u t h

~opu l a tion s  show inc rease  in S and both u p s t r e a m  po~~ula-
tions dec rease in S w i t h  i n c r e a s i n g  musse l  s i z e .  N a t ur a l
se lec t ion  is c l e a r l y  ope ra t i ng  a l t hough  i t  is i m p o s s i b l e
to determine whether a specific locus is selected or an
en t i r e  l inked group of genes in a one- locus  s tud , ’ . Al l
I5opulation samples and size distributions show siqni f--
:,cant deficiencies of heterozyqotes (SM ,SF ,MF’) . This may
..ndicate inbreeding or it may be due to mixing of genet-
acally distinct larval populations.

A direc t s tudy  of la rval  genet ics  was made on t i c o
yanthid crab Phi thraD an o [ens h z; ’~’-~s ii (Gooch , r ecen t ly
submitted for publication) . This small estuarine crab
sheds its larvae into the wa ter w h i c h  then unde rgo 4 zoeal
and a megalops stage before metamorphosing into adul ts.

• ~ts geographic range is enormous , extending f rom N~ w
Brunswick south to the Gulf of Mexico and poss ib ly  to
Braz i l , w ith popula tions also repor ted f r o m  Cal ifor nia
and the Baltic Sea (literature summarized by Costlow ,
Bookhout and Monroe , 1966). Zoea , megalops , and ad ul t
stages were obtained from 3 stations between Nam e and
Nor th Carolina and were electrophoresed and stained for
16 protein systems . Third and fourth instar zoea and
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mL Fal; EJ r wer • r a n  i i i i  i . v i du a l ly  a c c o r d in g  to standard 
~~~~~~~

—

:edur - c , b u t  in ai ni lt ure : starch r tbb — m ~ 2 mm th i c k  - i t - i
10 cm long  w e r e  u t i  lized , i : ’ !  samples  a re  a jp i i d  t o  1

n c  p ieces 0! Nt . La in 1 l ilt r p ap e r
The invest i; at ioic was u;a- r tlake r ; to hel p clarify t I , r O  I

.r o b l e a c r :  ( 1) the’ t e c h n i c a l  f e a s i b i l i t y  of a l l o zy n i e  stud-
ies of i n ’,’ ’ r t~~’Lra t e  l ar v a e ;  (2) t;; differo:;ces , if an y ,
in p r o t e i n  n a tt e r n s  of l i r” ,il a r d  a d u l t  stages; and (3)
the poss.l i ) i e  d i f f e re nc e s  in a l l e l e  frequencies arr;or~~ ijt—
i tod in a l l v  s epa ra t ed  p o p u l a t i o n s .  In  a - : - ; w r to (1)  a b o v e ” ,
I- s t i  It sys -: 1 5 y i e L d e d  well—resolv ed b a r i d u  in zoeau , 7
s’>’ st e ’na i n  :ceq.i lopa , and  10 in a d u l t s .  b -an d on th i s
e x [ ar r c n o ’e I believe t hat  o r g an i s m s  down to a! o;t 0 . 5  atm
in d i a m e t e r  can be used s u c ce s s f u l l y  in a l l o z y m e  st ud ie s
n i  i: o n l y  s l i q h t  : a ou i i i c a ti o n  of usua l  m e t l i o n i o l o g y .  No

the t h re s h o l d  can be lowered if specia l  micro-methods
ar e  ‘ a re - I oy e d . E n z y m e  sys tems t h a t  commonl y s t a in  we l l  rn
sn a i l  L z s s u e  samples of a n i m a l s  of a v a r iet y  of c~i~~’la a re
phos h e c i a xo s e  i somerase ,  N Z A D — d e p e n d e n t  ma l a t e  del i ; d r u - ~ c—
n a s e , e s t t a i ses , p h o s p h o g l u c o m u t a s e ,  l e u c i n e — a m i n o p € c p t i —
d i sc , .cin. .t (. sn a k :— v e n o m  r e d u i  r i n g )  p e p t i das e .

Bard  f J t t :’rns n e ro  a lso  :d e n t i ca l  i;; l a rva l  and a d u l t
A .  A -a r ”  c l i , ‘ocept t ha t  some l o v — : u m a y  sys tems in ad i l t s
c o o N  I n a t  be d i sce rned  in l a r v a e .  Th is  r e s u l t  is son e-
w h a t  s a ir p r i s i I i cj’ , s i nce  the genes  f u n c t i o n a l  in a d u l t s  ni g h t
n-c d i f f e r e n t  f r o m  t h o c - . in l ar v a e .  I f  t h i s  i d e n t i ty  is
gen e r a l l y  t rue  of i n v e r t - - b r a t s , i t  hol Is  promise t h a t
i r vac  t aken  i n  u l an k t o n  h a u l s  m i gh t  b .. i d e n t i f i a b l e  to
sp ec t a n  Nv t h e i r  b a t : - !  e a t t e m n s

t a ’c e p t  f or a e u l y mor ~~h~~sm: a t  the  pep t idase  locus in
the  in t e rn e d a u t  Ci - - m a p e a k e  Bay popu la t ion , i l l  of the loci
proved to be monomorp h i c  for  t h e  same al l e l e  t h r o u g h o u t
t he  • nero -mt. T h e r e f o re ’, a l m o s t  no g e n e t i c  - d i f f e r e n t i a t i o n
na g  d iscc ”e red , and any m dc:-: of g e n e t i c  s i m i l a r i t y  based
on t h e  10 l o Ci  w o u l d  be n ea r  1 . 0 0 .  I t  w .su ld be i n t e r e s t i n g
to disc-a-a r i f  rnonomorph i s m  a r n i  g e n et i c  u n i f o r m i t y  p r o—
‘t ails ov er the larger range of D. ~~~~‘ - ,a ’ , b u t  this has
not been ottun- : wnd,.

Cl - I E L I C — G L O G R A l F I I C  P AT T LIRN S IN N A R I N E  SPECIES

The p l o t t i n g  of a l l e l e  f r e q u e n c i e s  of popu la t i on
samples aver  a t r a n s e c t , as for coastal or estuarine spe-
ci es , or on a 3—dimensional map, as for terrestrial or
ocean ic species, will usually reveal a geographic pattern.
A l l e l e  frequencies may be relativ ely homogeneous region-
ally, show more OL less cons isten t c l i na l t r e n d s , or re—

• “cal  s h a m  d i so n t i n u i t i e s .  E i t h e r  n a t u r a l  se lec t ion  or

(17
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s ame ccrnbinatian of drift and mi g r a t i o n  can be ma :’
iccount for at; pattern (lo’wantin , 1973). A d ine , f.:.r
examp le , can represent ynnetic adjustment to a g r a d i e n t
of shift iric: adaptive valuco or it oar brc’ a ( j i f f u S l o r  ~-at !
l in e r , genetically contrasting populations. C e ’ c g r a i p i . i c
p at  te’rns cannot be more than i’ P’:.; “ : ‘ ‘v i l i r; :.. - fo r
s e l e c t i on  unless the correlation between allele f r - e n v y
amid i d e n t i f i a b l e  e n v i r o n m e n t a l  p.~r a m e t m r  is e x t r a u r i i r t n i l :
close , ar unless selection can be shown to be oj . :r at ive  i i ,
a laboratory analog of the natural environtr ,- :nt .

Drif t and inbreeding promote population o u b e i n ’ i u i o : , ,
and migration and gene flow retard subdivision. This will
be true whatever the effects of natural selection , arid mc
freel y-exchang ing populations will romnal i l L’e r are
reneticaily homogeneous than those with wm :i k p owers  of
-dispersal. Allozyme work to date suggests that good
persers  such as invertebrate species with p larrht otrop hic
l a r v a e ,  a re  less g e n e t i c a l l y  d i f f e r e n t i a t ed  ever lam- dc
distances than those lacking effective m e a n s  of d i s p e r sa l

( review in Gooch , 1974). Dr. Scheltema ’ s e,’ jr~n on trans-
oceanic migration in molluscan larvae (1971) i.as t h i s
i mport also.

An example of a species tha t appears  to b ger . etacallv
homogeneous over a long aoasta l transect is the mud o r - n i l ,

o o l ~~c a ’  Adults of this specres 0 “ a r  i b u n —
Oantl y on intertidal flats of the Atlantic Coast of Nca’ah
America. N~’ere is a planktonic larva stage of ~.anI;a ’; tn”

e m  l’o j c r , lependinq on wirer te:nperatuo . ama suit—
a~~~i i f y  aj  u ’ u m : n i  : t o  (Scheltarna , 1961; 1965). S:n~ Is
coli~ L rL ] in ~96~ ;~~ l u 7 ~ j- r o e r  to be v e r y  a r i l -a r
a l l e le  ~~~~~~~~~~~~~ at a :.~,~anc o.~hyorogonasc and a :,.n-
s pec i f i c  p t e L e~ locus in a L~’a sect of abour 1000 nm’
C~~oe Cud , !‘i saei , b et t s  to b c . u r~~a t , Nor th Catoi mn a ) d e o ch ,
Bla ke and Knupp , 197 2) , The ledrici, index of ;~~rietrc
similarity wa0 between .~~~~7 ari a .99 in all c-anpaiisuza a
( Snyder and Gooch , 1973) . The t er m i n a l  p o int a  and OnO
intermediate locality were recollected ir 1972 and twa
new polyniorpnlc loci , isocitrate deliydroqcnase and pr~-
tidase , were scored. The allele frequencies m i the ~ociare given in Tab le I (Snyder  a nd Gooch , lJ73 , and sri-
publ i shed  data ) . Border l ine  si g n i f i c a n t  v a ri a t i on  cm ot a
in some inter-population comparisons , but, on the’ wz~olc ,
allele frequencies are only weakly differentiated .

Gene tic homogeneity at polymorphic loci may be main -
tam ed by uniformly acting selection involving some kind
of net heterozygote superiori ty (so that one allele does
not go to fixation) or by migration. The selection
hypothesis becomes less tenable as the environments of the
populations become more highly differentiated . In the
case of 7. aL -mo e t i c , snails throughout the transect
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T ab l e  I.

A licIa t ’ r e - ! u cn c i c s  at i o o ai t m .i ic Jei~~’!1oqe’rIase Club ) , 1 sc-
a Le  ~t . hvd r ogei ast ’  (LD1-i ; , pep ti s u i t-ni ’ , ana n o n sp i ’c J  ic

prarn’iu ~PT) ICC,. I C ; ; ~’ , : ’ i - A o  ~~~~ ‘ e~~e r s n .  The l n v - sl i t ~~es
ar €  ‘..‘aode Hol e , M a s s a c h u s e tt s , A s m - soesg ue ’, M a r y l a n d , and
Bemfort , North Carolina . A n i e l e g  art symbolizes by letters
in -inl er of increasing anodal nobility of their products.

Lo Cus , a l l e l e,
an~ samp le Woods Hole Assa teague Reau for t
Si L~~

1DM N ‘50) (42) I t O )

a .760 .762 .894

~~ .~_I~_
LDH (5 0 ) ( 4 7 )  (7 7

a .550 .574 .119
b .450 .426 .461

. 0 0 0  . 0 00  .0 2 0

PEP (49) (44) (80)

a .041 .057 .119
U .245 .148 .237
c .398 .557 .388
d .245 .091 .206

e f  .071 .147 .050

PT (33) ( 4 7 )  (7 6 )

a .697 .660 .730
b .303  .3 4 0  . 2 6 3

. . .
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encounte r  a s i m i l a r  e n v i r o n m e n t a l  r a n ge , though  w i t h  l o w e r
t e m p e r a t u r e s  a t  a l l  seasons in the  n o r t h .  I t  is pr obab le
tha t  the a l l e l e s  at  the  f o u r  sampled  loci ar e  i n s u f f i c ien t -
l y discriminated by selection to overcome’ thu h o m o g e n i z i ng
ef fec ts of mi gration.

D u r i n g  the summer of 1973 my s t u d e n t , M r .  D o ug l a s
Baker , conducted a survey of allele frequencies at two loci
in each of the  c i r r i p e d e  species , d e L a n o :  ~~‘t .g ~ t :o’ :e

B r r a ,  e:- ,i r r ; e . c , and B r i e . . :  i ’ie v j ’~~e ij  f r om
the Beaufort Inlet to the head of the N ewpor t  R i v e r  e s t u a ry
in North Carolina . This transect is o nly  about  18 km long ,
but  the e n v i r o n m e n t  v a r i e s  from nearly norma l marine at
Beaufort Inlet, w i t h  r e l a t i v e l y  c o n s t a n t  s a l i n i t y  and
seasonal v a r i a b i l i t y  i n  t e mp e r a t u r e , to wide ly  f l u c t u a t i n g
e s t u a r i n e  c o n d i t i o n s  a t  t h e  head of t he  N ewpor t  R i v e r .  In
1956 , for examp le , salinity varied from 0 . 6  to 3 3 . 4 °/oo a t
Cross Rock , which is station 5 of Figure 2 , and the tem-
pera ture varied f rom bel ow 50 C to above 3 Q 0  C the re
(Wells , 1961) . This range of conditions is comparable to
tha t encountered  by i r a n - e l a o lc o lc-t;s over its much
longer transect. In amplitude of short-term fluctuation ,
it greatly exceeds that of the snail.

The th ree  species I .  - r e  , .

‘ ‘ c i t 0  e” . ’ f It s , B.
- P i r n e n s  and 3. ‘ “i: P O V e : u c  a re  adapted  to i n c r e a s i n g ly
e s t uar i n e  cond i t ions  in the order  above , and they have
overlapping distributions in the Newport River estuary .
B. et’ g r i~~e ’lre -rrn [ ‘ 1  cc  is d o m i n a n t  a t  the B e a u f o r t
In l e t , and on ly  B. i a :  i C s  i a  e x i s t s  in the Newport  R ive r
proper ( s t a t i o n  7)  . Phosphohexose  isomerase and m a l a t e
dehydrogenase  po lymorphic  loci were surveyed in the th ree
species in a n ef for t to f i nd sys tema tic cha nges in a l l e l e
frequencies or differences in amount of genic variability
along the transect. Table 2 summarizes the data. First ,
inspection shows li ttle if  any  gene t i c  d i f f e r e n t i a t i o n
for any species over the stations. Second , the a l l e l e s,
a - d , wh ich are probably homologous based on the ra nk
order and comparative mobil ities of their enzyme produc ts ,
have very s imi l a r  f r e q u e n c i e s  in a l l  t h r ee  species .  B.
a” :: ;: -itrj -te a ’nndd - :r’~~te’ a , b , and c MD H a l l e l e s  at B e a u f o r t
In l e t  are in the p r o p o r t i o n  0 : 1 . 0 0 : 0 .  In B . eL:o’n ;nc in
the Newport River at less than 1 °/oo salinity , a l l e l e s
a , b , and c are p r o p o r t i o n a l ly 0 : . 8 0 : . 2 0 .  In o ther  word s ,
genetic homo genei ty ob tain s no t on ly wi thi n species bu t
also to some degree (Table 2) between species over an
environmentally differentiated transect.

The naupli as l a rvae  of b a r n a c l e s  are  very abunda nt
throughout the Newport River estuary (Aus tin Willi ams ,
pers. comm.). It is probable  that  m i g r a t i o n  is ex t ens ive
and tha t  local popu la t ions  are  r ec ru i t ed  f rom l a rvae  of
hi ghl y mixed p r o v e n a n c e .  I f  each species is regarded
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T~ b 1e 2 .

A l l e l e  f requenc ies  along the ileaufort i r l e t  - Newport River  t r ansec t  i t
3 species of di r : ’~ . Led Sr phlosj i ;oII ( ’ x u u e  i :rOlfl ’r t$e ( P H I )  jul malate
deh ydrogenase (MD H) . Data r u t  av a i l a b le  for  ‘

. - ‘ m r  - ‘ - -‘ - m l , :  P H I .  j o-a ll-
t i e s  are (1)  Beaufor t  I n l e t  a t  F o r t  “1 con , ( 2 )  P i v e r a  I sland , (3 )  Car
Cr eek , (4 )  Int racoastal  Waterway , (5)  Cross Rock , (6) Preacher  P e i r 1 ,
( 7 )  N ewport R ive r , proper .

Species , locus LOCALI TY
allele and
sample size (N)  1 2 3 4 5 6 7 h ’u . ’ R.

9. mc:
t~’j ~

PHI N ( 60) (63) (50)  ( 5 2 )  ( 3 2 )
a + b .025 .079 .130 .038 .047

c .900 .873 .830 .875 .922
d .075 .048 .040 .087 .031

MON (46) (63) (50) (52 )  (31)
a 0 .016 .020 .029 0
b 1.000 .984 .980 .971 1.000

0 0 0 0 0

B. cL ui ’ a aus

PHI (78)  ( 5 2 )  (5 1) ( 5 4 )  (61)
a +  b .019 .020 .019 .065 .074

c 
— 

.930 .913 .912 .889 .910
d .051 .067 .069 .046 .016

MDH (81) (50) ( 5 2 )  (61) (58)
a .090 .160 .096 .123 .164
b .908 .840 .904 .860 .836
C .012 0 0 .017 0

9. :‘, wviacoa

(58) (39 )  (34)
a .026 0 .029
b .974 .796 .824
c 0 . 204 .147
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in d i v i d u al l y ,  the reasonable i iterpretation of these
f i n d i ng s  is tha t mi g r a t i o n  is af sufficient magnitude to
overwhelm the differentiating action of natural selection.
Thus, the estuary mi ght he conceived as a smal l  u n i v e r ’ acr
c o n f o r m i n g  to W r i g h t ’ s i s land model with a particularly
h igh  value of in. This tra y be the case , an d i f so , the
results for dilenro: are more convincing evidence for the
prevention of genetic differentiation by migration in the
face of an environmental gradient than that for i- .’ - ~~ ; 1’

- a re  I a

Howeve r , if the similarity of frequencies of mobility-
order al leles in the three species is not ju st a remark able
coin c idence, it indicates that natural selection must be
operative . The only mechanism that can maintain genetic
un iformity across spec ies is selection in which homologous
alleles have similar adaptive values regardless of the
species. Koehn and Mi tton (197 2 ) found evidence of sim ilar
parallelism in frequencies of inferred homologous LAP
alleles in IC tiia ,~ eia  h a  and ,‘1o~~T lea de r ’lc , ’ ,ia on Long
Island . The consequence of this interpretation for the
barnacles  is tha t the a l le les  are maintained by natural
selection, but the differences in turbidity , pH, tam—
perature and salinity do no t a f f e ct thei r  adaptive val ues .
This inference is based solely on the genetic-geographic
pa ttern , and is thus more suggestive tha n concl usive . I t
does point out the kind of interesting problems that
genetic studies of marine invertebrates are b r i n g ing to
light.

The areal genetic homogeneity of ~V r , :a:rr in,: and
B a a~:;n does not appear to be typical of marine inverte-
brates. Most studies have revealed geographic differen-
tiation of allele frequencies (e.g., the citations pre-
viously  made on ?-latilus , Littorina , S cdisoma ;eLl a and
Cap itehla). The literature to date, however , sugges ts
that genetic divergence is rarely very great in marine
invertebrates. Typical is the investigation of the man-
grove periwinkle, Littorina anguhifera , f rom ma ngrove
islands off southern Florida (Gaines , 1974) . Allele fre-
quencies at an esterase locus from 20 island populations
of snails were statistically non—homogeneous (range of
most common allele 0.66-0.87). The populations could best
be described as modestly subdivided genetically, wi thou t

H”- evidencc of increasing subdivision with distance except
along a gradual latitudinal d ine . As usual , the geo-
graphic pattern itself provides little clue to the
importance of selection , drift, or migration in its

- .‘ establishment. Also as usual , the amount of genetic
heterogeneity over distance is rather small. The liter-
ature to date provides very few examples of strong genetic-
geographic differentiation , reflecting probably the
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c o mp i r a t  lv i  ) l o c n o q t 1 e :  1 tv and h i g h  t I  r’ii nsjorial it y of the  sea

:‘~‘a ft ’p ’ ’

Fl e major points of thi s ~ am- v r C’.~’a Ii- ru:’trnarized tn a
fe~’.’ St c t ~‘t csi ,tr
1. Popul t t i on q e c i t i c s  :‘:vider a t l ce’ :aot i c i ]  f r : :mr ”wa r t

t ’ tea :- ce as’rtet’jcs. Ito :‘cIth ’’m:n t ici l :aed’~]~ of bopul ation
S : t t t v i p t r : n  ali t m igr.t~ m r  ~e’l)l’’ ~r. a q i ’n c ’r a l  ~‘i v  to  n - a r i s e ’
s i t u a t  I n c ’s .
2 .  Th~ fundamenta l j- ”r-a”~e :ort: n ’ c(c l ’ :t zc~~con gene tics ,
allele and ~s rn typ c  ~r m e r m ’ c e’- , a.-c obtri i d r attl?r e n s a  lv
in ml ioz v r : e_ c .c , i c t r r c ha r s i  ‘a stn ~~ e n  , A l  ez ’;ccaer -c ar’ - ti ’
scor~-e’ n oraanisTs st least as srna — i s r r u n c ’ m r e c n  I - - i s v :’- ,
The racoloc ica geneticc s of a few e’~r’rte l’ n,~tc- sonar p t m r —
t-icU 1 Trli’ ,‘- i t i m , i s  b e i n g  ,‘t~~ti’ j c-I ’a pursue d .
3. 1’. c o n v e n i e n t  m e a n s  of c i u an c i fy ~~rq m r n e t i c  d i f f e r e n c ” g
is l,’v means of indices of gar-etic d.cst-anc’c. Evidera ’m e tic
d a t e  shows tdaat i n d i c e s  are u s ua l l”  low er  so n g e ncr i c a l l
t han  co n s p e ci f i c a l ly .  Th is  ru l e-  i s  not  t r v ’a t w - ’c r t l a ’ :  in
sp c c i f ic  i nst a n ce s , an d  the-re  is no sa mp l e  r e l a t~, s’a s h ’ c p
L -twe ~~r’ q ene t i c  d is tancc-  sr i  p h en e t i c  3 i f fe re n : i a t i or .
4 Any q e n e t i c — m c o ~~rap t i c  p a t t e r n  c a n  t-e pra-d r a c a  n-v s-cam
ne-del of interaction between naturrl selection . q-aretic
drift and migration , Some studies of m ar i n e  i n v e rt e b r a t e s
provide s t ron g c i r c u m s t a n t i a l  e s id cr c c-  f o r  n a t u r~~i, scles--
t i o n i . Most  species of m a r i ne  in v c r tc ar ~~tes  appear to be
weakly differentiated genetinal1’~’ ’-iv’a’r wide aren-s .
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Id L IBATI ON , SELECTION AND GENETIC DIFFERENTIATILI-It IN F1T i5I -d-ILS

J. S . Lev i  i O ~
Depar tment  c f  Ecology and Evo l it ion

S t a t e  t i n i v c . ’ r ; i. t y  of S w  York
S tony t ’ , ’ ,k , O w  York 11794

The r e l a t i o n s h ip of mi gration and selection to thu
genetics of marine invertebrate populations is a fundamen-
tal problem in t he  understanding of the adaptive signif;-
cance of modes of dispersal and the evolution .~ro potential 

—

of genetic variability within species . I have studied the
mussel h’ C/a -’ ‘- r L L ,”nma :‘- ,-~s , and determined magnitudes of
geogra~ hi. ’ differentiation at several geoyrdpilic scales . I
have als o  d e t e r m i n e d  the n a t u r e  of m i c r o g e o g r a ph i c  va r i a -
t i o n  with an the t i d a l  zone and the dynamics of selective
mortality within this zone. ‘i’wo enzyme encoding loci have
been identified and e c I tcyod in this study with the aid of
horizontal starch gel eclectrcm phoresis (leucine aml: ope ’sta- ~ -

dase , E.C. 3.4.1.1 and Glucose phosphate isomerase, E .C .
5.3.1.9). 1- ’Four sets of samplas were take;-c over four scales of
-~-n- ’s’ca ephy : Santa Barbara , California , to Torch Bay , Alaska
( 1O ~ fm) ; Cape Flattery , Nashington , to San Juan Island ,
Wash ing ton (10 2 km) ; within Tatoash Island , Nashinuton -~~~

(1 km — over the entire tide zone) ; and at a sirc ;],e 1oca~~7t’ .’
(10—2 km — the same t i dal hei ght). Differences b - t wo -n ea :n-
ples are as great w i t h in  Tatoosh Island samp les as from
Santa Barbara to Alaska. This suggests that the  uniform
environment of the western coastal waters of North ma crica
exerts little selective thermal gradient and that Isolation
by distance is probably not important in the ma gnir ’sd s of
genetic differentiation observed. Over the same latit.,.Ji-
nal range, the blue mussel , ,“f - a / / ,~,-’ e Pa /c ’ ’ , shows much
greater geographic differentiation of the east coast of
North America , reflecting the stronger therma l gradient.

The nature of the selective processes at work is
indicated by many correlations of allele frequencies and
genotyp ic frequencies with eighth above mean low water. 

1These differences are in turn correlated with size of in-
dividuals within the population (smaller adults are forcad
in the upper intertidal zone) . At the Leucine
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a i t t i t i u p e p t i d i s e  locus studied , dift c,’r ’ ’ t r t  g a o  [p ’ S W et - I ‘, ) U r I d

- :-~~ - ‘e t i  f f er i  t O  s i z e —  f ro g  u c c i t c y  d is  t ri1: u~ i rs,; ; providing a
d i rec:: :c~ - : t r r r ’  by w h i c h  s i -z e — r ’ ~)d- c ;  ic t c ’ l c - c t i ’ m  c o u l d  a x - c r
a’t i - i n q e , - , ~:, ,~e i 1 L  i i~~,~ d ia r i ; i e S  i t :  09 ;  i c  t at :’; t i t r o n - j i ~Ity ~ i n —

:dic ’k u i  a a ; :e’se ’L ’ c tj ~’e pr ’ - i a ’ i o n .  S t t i i -S of
n - C a l f  f,tbl 1~~ i n  i~ am ’, : ’ s t i j v n -  ve,jrs show that gia ;  I rC , -g’ienc ~ea do
not  c’I i—: ~~- - a o l  a r e  se l e c t i v e l y  ;O, I a : - r ,, ’ l  to I o ’ i I ‘ -r a v i r o t i t i ,c~~ ~
and h~~t sd ~ t’ L t V C  m o r t a li t y  x’u’ur s a t  ‘ r i : : ’ ’ i f l ’ ’ I O C L  b ’ ’ t w - n ’r ,
ii - a’- - ’ ~- rarlv settled juveniles and adults.

9nese S ~ u a l t~ ’s Suggest that selec tion inn tnt .iins C

poly:’sr :’- ;csrn s m i t  (toes not identif y the mechanisms ta’~’ wh ich
o .ven : r t r ’ , ’mo g- c o t - a p e s  c o n t r i b u t e  to fi cn~~ss - L I c i r :  e L F  r o —

a as .  so’ i a t s r a t sr y  ~nvols’- ,;s th e integration of p h v a i o —
I : ‘g ’ c a l  : ;n - r a t r c -  ci s wi ti -o ’ne t  I -,- a ’ i r i a ’- - ‘ i through ‘Ji m use
c” ’ ‘l~iss m c ;i,i ;i’: s. gm - -rnortai ty o :.crm - -rim unts ; transp la n t s

i , c ’ r e l d .  and  - S,SC)c 1 ~~t ecI s tu J ;  es a re  c o w  l a c i n g  conduc t ed
f :  :‘ei~~te  a : i cSe  e x p e r i m e n t s  to k i n e t i c  c h a r a c t e r i s t i c s  of

:‘ n z ’1’:-s- p L - n -n o t y p e s  and sped f i c  e n z y m e  ~ ct  ivit l . ’ levels
as a f’j :: t a o s  of s t r e s s  c o n d i t i o n s .

l h ~~



R E P R O D U C T I O N  OF M A R I N E  BIVALVE MOLLUSCS:
A R E V I E W  OF SOVIET WORKS

V . L . Kasyano v and V. A.  Ku l ikova
I n s ti t u te  of M a r i n e  Biology,  Fa r Ea r t  Science ( ‘ - - i t -  r

Acade my of Sciences of the USSR
VLadivostok , USSR 690022

There is no need to discuss the importance of Bivalvia
in benthic and fouling communities. As in othe r ani mals ,
the process of reproduction of these species ‘plays a deci-
sive role in the formation of community structure , and i n
the distribution and dynamics of population size. Investi-
gations performed on molluscs are important not only f o r
1 - ycIrobiological problems — these studies contain many facts
ex trao rd inar ily u s e f u l  fo r the unde rstanding of some gene ral
aspects of gametogenesis , fertilization , embryogenesis  and
pos tembryogenes i s .

The first Russian studies on the development and repro-
duct ion of mar ine B i v a l v i a  appeared in the period between
the end of the nineteenth and the beginning of the twentieth
centuries. The prominent Russian embryologist , Z a l e n s k y
(1874 , 1876) , described oyster development with special ref-
erence to the gastrulation and formation of germ layers. He
mar ked the ea r ly isolation of the presumptive mantle in Bi—
valvia. The shell structure and hinge system in larvae of
20 Bivalvia forms fr om the Black Sea are g iven in Bor isyak ’ s
paper (19 05) . Dur ing  the last 4 0 years  no fewer  tha n 100
pa pers concerning the reproduc tion and developmen t of ma rine
Bivalv~ a were published. Nearly 40 papers deal with the
phenology and distribution of larvae and the inf luence of
environmental factors. Game togenesis and spawning seasons
are the subjects of more than 20 papers. More than 15 pub-
lications elucidate the problems of settlement and metamor-
phosis. Comparatively few (fewer than 10) works on the
early embryogenesis and neurosecretory regulation of repro-
duction have been published . In addition to the papers
dea l ing  c h i e f ly with the reproduc tive aspects of Bivalvia ,
some theoretical works and reviews also consider these prob-
lems. It is necessary to note the well—known works of
Idileikovsky (1959—1974) and sortie papers by other authors
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w h i ch g i v e  s i - a - c  t a l  - i t t  - ‘ it: ( i i i  to the  role  of en v i r  en m er i t a l
I c ’r rapc i ’ iture ic r successful c i t  - r e d u c t i o n  intl  r e c r u i t m en t  sf
mol l u sc s  ( Z h i r r n u n s k y ,  1971; Golikc v , Scar )- ’~~, 1973; And r- ’ : :—
kov , 1975; ‘t ,o .)

In  a lo t  m;a  s er ies  of N l e ikovsk’~ ‘ s pap e rs , which i c r
cr e d o m i nan t  ly r e v i  ow ;  wr  i t en  bo th  in R u s s :  an  - in tl ~/n q l i u h ,
dci t e r C ,’ti t problems sri t he  re~ -t o du r t  ly e  ecol c r y  “f  m a r t  nc
bo t tom ; rc a - c  a. a l - r a t  i s  , inc  1 ud r nq Bi ‘‘i I ’ .’ ia , a Ye 7 - 1 5 ; - - red
In sonic w o r k s , N i l e i ko v s k y  ( 1, 0:2 , 1 9 74 )  r i c t u s  t h e  r ole  0
l a r va l  c l an k t o n  not o n ly  in he r e c r u  t ,mec - t of se-ow - c r 1-c: c-s
of b c-ci t t i c  a n ;m a l s  bu t  a l s o  in the  g e n c - r i l  pa ! t ,-r c s  of u s —
tru st i c- n arid settling of aacc- - ;in ic benthos. IC reeval- :atc’s
the  c- ag, -s of I i r v a l  develeun :cnt an mar c i te , - c c v :r t e b r a tr ’s  an d
eh e i r  J u s t r i l ” u t i o r i  in the  ocean iccord:ng to’ t~- ,r’ sor- ; :;e
add s the’ d e m e r s al  typ e-  of alea’e l o a m -n t  to the- ’ c e n e c al scho-re
oi d e ve l o p m e n t a l  types  ( 1 4 7 1 ) .  I n  o the r  w o r k s , ~‘c i l ei sevsk y
writes ab ort the main role of temperature in rietermining ate
spawning seasons of marine invertebrates (1960 , 1970c) , th e
seasonal  and d a i l y  dynamics  -:; f co p u l a t i o n  s ize  in pe l ag ic
l a r v a e  which  r e f l e c t  some ceculiarities of their spawniri-:
( l9 7 0 b) , t he  d i s t ri b u t i o n  of l a rvae  over l a rg e d istances by
oceanic  c u r r e n t s  (1966), the influence of poll-a t~ on on lar—
‘l ie (l970a), and -ather problems of larval life. In the last
racer cited above , the author claims larvae ;are or e - o t ly
d a m a ged by cci  lo t i o n  d u r a r i c t h e i r  settlement on substratum .
Zhirmunsky 1971) 7uves attention to the different mc chan—
isms of influence of high , low and oot , i~ra], remrceritures on
i n v e r t e b r a t e s  and w r i t e s  about  changes  in the e n v i r o n m e n t a l
optimum during development. Golikov and Scarlato (1973)
showed that the borders of temperature optimum for success-
ful reprc-Oucticn coincided with the summer water temperature
on the nor thern  border  of the species area and wath the win-
ter t e m p e r a t u r e  on the  sou the rn  border .

Andronikov (1975) Writes that the heat resistance of
gametes is constant within a species. Envircnmental temper-
ature is one of the factors limiting species distribution
when it is hi gher than the upper limit or lower than the
lower limit of temperature resistance of the gametes of
marine invertebrates.

In special works on molluscs , more a ttent ion was g iven
to commercial molluscs (oys t e r s , mussels and scallops) and
s h i p w o r ms .  More t h a n  20 papers are devoted to musse l s;
hal f of them are devo ted to oys ters, scallops and T a r n - P a .
At t he  present  t ime , the  in v e s t i g a t i o n s  are per fo rmed  on the
f auna of the Baren ts Sea , the White Sea , and the sou ther n
and f a r  easter n seas of  the US SR . Mere than half of all the
studies were conducted on species from the Black Sea and the

- - Sea of Japan.
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REPROD U C T i V E  C a t C h E S

D .’yuba (1971i ,l ,c , 1974; Gr - u,- - ‘ , D s y ; d - i , 1 -17 3 )  d e—
~ c t t l:-eS t he re-p ruduc t, i v t - c y :  I - s  in  1 ‘cia Ic ’ gon iu s of t h e -

- - j -  u , - ’ ’ , in t l  t ic - muss-si , - ‘
-‘o ’- “ ‘ i ~

she g ives a t hi o z  O U t i; c yt o l o g i c . i  1 he -script ; ‘in of
g o r ;a h a l  r’Li~rp ’s  J u t  i i i ;  LI: ‘/ ‘ r , and adds cyt -cta- t: ical and
:1- ‘r r ’ l ; s : ’ i - t r  i ca l  c - V i l c ’ r s ’ a~ to  t h a - s e  ;l,i t a .  The a u t  h er  d i s t  i n —
juishes 7 typ e ’s of acce ssory cells which take v r t  in  t he
r m - s - ’ r~0, ion of u n s r - ,rwc , - m i  e - c c y t e s and p o s s i b l y  11’ t h e -  n u t r  t —

t i o n  of ~row i r ;.~ c - - s a t e s. ~I u t r i t i o n  of the  o OCyt e s  was  con—
si - ,k- r~’d in -.‘or ’;n e c t a o t :  w i t h  p rob lems  of s o l i t a r y  sr i -s  a l i r a c a —
t o r y  types  ot  n u t r i t i o n .  O en c -r a l  a t t e n t i o n  cay be,’ a t t r a c t e d
b y t b ,  -d a t a  on t h e  c on s i d e r a bl e  r e so rp t ion  of oocy tes  a f t e r
5; a w n i n g  and  d u r i n g  the winter . It is showr that the scal—
1 9 spa w n s  once a ye-or , in  t he  f i r s t  h a l f  of t l~; surua , ’r , ar,ci
che mussel 5 t ’ aW f l S  t w ac e a y e ar , a t  t he  beg i n n i n g  and at  F:-
e r r - h  of the s toner .

C h u k h c h i n  ( l 9 I ~5) wr i t e s  on the  m a t u r a t i o n  age , i c -p r o-
duc t  ive  cv-o le  .‘i r J  spawr - in o  seasons in Ck-a ”  a ‘in - : : - ;  -

- 
-
- 

- icc -a ,
the B l a c k  Sea .  He no t e s  the  absence  of a c c - s t i n g  p e r iod  in
sanads after s~.Jwning . The reproductive cycle - in the scal—
‘ca p, ‘ c :’ ” °Cn - ‘ c - - u  ; ‘ -

~~~~~
‘
: , is described in - h e- t o i l  b--a Kukin

( 1 9 7 6 ) .  The author marks a similarity of cell t y p e s  in tb :
:n -na ds -of Ii’. ,- 

- 
‘

,
~ 
and T’eo - - - ,

, r I  , - , u C a ’ . He give s  S mo’tC
-lana on the spawning seasons in these species iron Peter ’ the
Great 9ay an d  de sc r ibe s  the  r a re  example  of h e r m a p h r o d i t e -
gonad it ’; 7. ,rc/ ”~ /. Kutishchev and Drozdov (l974 give data

on the sex ratio in the population of the mussel, C r - , -‘ -Ca-
Z :c r’ ;?‘ — suaa , and descr ibe exa mples  of hermaph roditi srn ,
w h ic h is probabl y a temporary transitional state from the
rr,ale sorcad to the female one.

ilasvmanov , a-c z .  (1974 , 1976) determined the spawning
sea son s  and gor,ada i states during the spawning seasons in
common Bivalvia from Peter the Crc-at Roy. A u t h o r s  t h i n k
that compaLativel y synchronous spawning in most of the spe-
ci es is conn ected wi th the h igh va lues  of s u r f a c e  w a t e r
temperature and the abundance of food for the larvae , sm a l l
9hy t o p l a n k t o n i c  forms .

K a r p e v i t c h  ( 1 9 6 4 )  c a l l s  a t t e n t i o n  to th -”  various pat-
t e r n s  of r e p r o d u c t i o n  in eury— and stenobiotic molluscs. A
prolonged per iod of r e p r o d u c t i o n  is common fo r  t he  e u r y b i o t—
ic spec ies , but is shortened — 2 or 3 months - for the

• s t en o b i o t i c  ones. By anal yzing the development and repro-
‘lnrctiori of Tcredinidae in the Casp ian , Azov arid Ara l Seas ,
the author shows some adaptations in st r ’-acture and size of
eggs and sperms to the environment. Zhuravleva and Praudni—
kov (1975) discuss the acceleration of gametogenesis in the
mussel, ,y t7~~, .r r’ jalif ; ’ , with a change in salinities from 10’~
to 33%-i . A decrease in  salinity to 15%o accelerates th e
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spawning t ime  and enforces processe s of pha-~ocytosis in the
gonads.

N E U R O S E C R E T O R Y  REGULATION OF R E P R O D U C T I O N

An analysis of neurosecretory elements and neurosecre—
tory regulation in the scallop and the mussel is undertaken
in the papers by Var aks in  (19 74a ,b) and Marchenko (1974 ,
l976a) . Va raks in  showed the sign i f i c a nt ex trusion of a
ne urosecretory ma ter ial from neurosecretory ce l l s  of the
scallop , P c s t e n  -, s:roc ’ccs h , which  occurred j u s t before
spawning and was followed by an abrupt decrease in the neu—
rosecretory contents of the cells. In the mussel , Cal 
: : ‘ :ia ‘ i , ’ ,rc;ras , the processes of neurosecretion do no t cease
after spawning. Marchenko (1974 , 1976a) described neurosec—
retory cells  and phases of the neurosecretory cy cle in the
ga ng lia of the mussels , !i, ti l: r edcl~~.r and Cre c:o ’ - ’ 1,o’

— ; - s  m o - ’ . The author  gave a thorough review of works on the
morphology of neurosecretory elemen ts in Mol lusca  (1976b )

GERM CELLS , F E R T I L I Z A T I O N , EARLY EMBRY O GEN ES IS

Vassetsky (1 973)  describes in detail the dynam ics of
ma tu r a t i o n  d iv i s ions  in the eggs of the g ian t oyster ,

-‘zs3ostc -r2 -~ s-7; ”t~~. Du r a t i o n  of the I—maturation division is
approximately 1.5 times more than the duration of the II—
ma tura tion divis ion (i t mus t be added tha t these d i f f e r e n c e s
are considerably more prominent in ver tebra tes) . Ma tura tion
divisions in unfertilized oyster eggs go up to the metaphase
of the second division . Drozdov (1974) gives data on the
ultrastructure of the sperm ium of the mussel , C a- :-”-’ t f C a s
co: , zc’ss.  He f i n d s  a cent ra l  canal  wh ich goes f rom the
acrosomal region to the proxima l centriole through the nu-
cleus.

Gin sburg  (l 974a ,b , 1975) notes the narrowness of opti-
mal sperm concentration at fertil ization in the bivalves ,
J r - a s ,~o~~t r n - a  :i g —7.i , S~- ‘s : c l a  c c c k a 7 7 a ’’ur - ’i s and 7io~~t r”r a:
c- -:i r’i -c . The maxima l percentage of cleaving eggs was obtained
at the sperm concentra tion 106_l07 sperms/cm’to Increasing
the concentration of the sperms leads to their slower acti-
vation , a decrease in their propulsion speed and some agg lu-
tination . Blyakher (1951) connects the formation of an

• antipolar lobe in the mussel with the nuclear movements.

MORPHOLOGY AND ECOLOGY OF LARVAE

The larval mo rphology of common species of Bivalv ia
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from the Black Sea is described by Zakhvatkina (1959 , 1963 ,
1972), from the Caspian Sea by Gal perina (1969) and from the
Sea of Okho tsk by K u l ik o v a (1975 , 1976). Determinants for
the identi f i c a tion of pelagic larvae of Bivalvia from the
Black Sea (Cak hva tki na ,1959 , 197 2 )  a re es ta bl i shed  for 25
species (18 families) . All bivalve molluscs from the Black
Sea are  d ivided in to three groups dependi ng upon the pa tt e r n
of their development. They are (1) those with complete pe-
lag ic development (the ma j o r i t y  of the species ) , (2 ) those
wi th incomp lete pelag ic developmen t , when the developmen t
takes place in the man tle cav ity up to the stage of the
straigh t hi nge (T i ’ r edo c - z S - 2 / i r ! , ( ) ;r l ,’r ’~ t~~~r ’7m’ ; , ,t’-’ c! - U t a
c r : t r r 1  and B r i e - u  (rr fl d’i d a) , and (3 ) those wi th d i r ec t
development through the formation of bottom—lay ing (Lea - ,- e r

- 
i - .’ F - a s s , 3;jc’rPe:rra :ta a art ta)

Gal per ina  (1 959 ) identified the larvae of 5 species of
Bivalvia from the Northern Caspian Sea by rearing them unde r
laboratory conditions. Unlike the majority of investigators
of the systematics of bivalve larvae, the author used the
shell leng th/he igh t/th ickness ra tio as the main d iagnos tic
indicator. Kulikova (1975, l97 6a ,b) describes the la rvae  of
common species of Bivalvia from the Busse Lagoon , Aniva Bay ,
Sea of Okhotsk. She describes the morphology and settlement
of the larvae of 1,tia :ulista s e n h o ; s 7 - a .  The larval morphol-
ogy of the oyster , Cr -s ss o s t r e a  j i!j~~~5 , in the Possjet Bay,
Sea of Japa n , is given by Rakov (1974).

Nevesskaya (1960—1962) describes larval hinge structure
and its ontogenetic changes. The author traces the hinge
ontogenesis in more than 20 species of b ivalve mol luscs on
the mass material from the bottom sediments of the Black Sea,
stressing the absence of any connection between larval pro-
vinculum and the adult hinge. The hinge of adult forms fol-
lows the stages of dental plates in the order Heterodonta
and in the ostreids from the order Dysodonta.

PHENOLOGY AND DISTRIB UTION OF LARVAE

In the Black Sea, bivalve larvae are encountered in
p lankton almost a l l  th rough the year , taking third or fourth
place as to quantity of specimens per 1 m3. Seasonal fluc-
tuations in the whole quantit~ of l a rvae  coinc ide , in general,
with water temperature changes , being maximum in nta,ither and
divers i ty  in summer. The larvae of ,T;~ tf i aa ;;:lio~ 
are present in plankton all year. During August the larvae
of a l l  b iva lve  species are present  (K iseleva , 1965 ) . In
August when the wind blows toward the coast the number of
bivalve larvae at the coastal zone becomes so hi gh that the
wa ter becomes yel low (Dol gopolskaya , 1940). The presence of
larvae throughout the aquatoria of the Black Sea , wi th the
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most diversity in the coastal region , is noted by Kiseleva
(1965)

Ivanov  notes t h a t  the A- t ~~~
‘ 

~~.
- larvae remain in upper

water layers , which fall during hai vy storms . Erakatitsa
(1969) also draws attention to the fact, that the iey~~r of
0—5 cm is the richest one in oyster larvae , e spec iall y in
veligers; in this layer ~heir number may be as hicjh as
18,000 specimens per 1 m . Their quantity decreases sharp ly
beyond depths of 45 cm. B eg a n  (1973) notes the high concen-
trations of larvae in the- subsurface layer of Black Sea
plankton; these concentrations may reach values a f greater
than 29 ,000 specimens per 1 in 3 . Vorobiev (1938) notes the
adhesion of the Y t ”Zu , : larvae to the surface film with the
aid of the gas vesicle at stages just before metamorphosis.

The distribution and settling of Ta- - -cr’ s --i: I - .‘ larvae
in Gelenjik and Rybatskaya Baysof the Blaci— Sea depend upon
winds of northeastern direction. By turning surface water
r ich in  la rvae o f f  shore , the wi nd causes an up we l li n g ,
which results in a decrease in the settling of larvae in
this reg ion (Ryabch ik ov , 1957).

In the Caspian Sea , up to the twenties , the l a rvae of
~-Iollusca were relatively rare in the plankton (Hodkina ,
1969 , 1971). After :,‘ tila sscr ;‘ ‘ c L - , ; ’ a~S moved in to  the
Casrnian Sea recently, its larvae took up a prominent posi-
tron , and high biomasses of Biva lv ia l a rvae , no ted d u r i n g
th - Jul y—Aug ust period in the plankton of the middle and
southern Caspian Sea (Ijodkina , 1969) , resulted from the
presence of larvae of these species. The majority of bi-
valves from the Caspian Sea reproduce during the May—October
period with a maximum quantity of larvae in the July-August
period .

In the southern part of the Sea of Okhotsk (Southern
Sakhalin) bivalve larvae are noted in the plankton during
the Jul y-October period with the maximum in August (about
15 ,000 specimens per 1 m 3) (Kulikova , 1975). 1’his high
quan tity of la rvae resu l ted  f r o m s y n c h r onous spawn .  in - s  o f
common species of Mollusca. This spawning coincides with

- ‘ high (about annual maximum ) water temperature , l8~~22°C. The
larvae of 7, -~ - - t o Z -~s t a  rr e,a; ho ; : 7 ;  and some species from the
family Tellinacea are predominant. During the August-Octo-
ber per iod the pelagic larvae of Bivalvia are second in
quan tity to Copepoda , and in July they hold the same posi-
tion after Gastropoda.

I N F L U E N C E  OF ENVIRONMENTAL FACTORS ON LARVAE

Kudinova-Pasternak (1962) reaches the conclusion that
Ta -rn -h o nan -ella , is a eurythermic and euryhalinic species.
Its distribu tion and activi ty , however , may be a f f e c ted by
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limiting values of salinity and temperature. Salinity of
8 9%o is normal for adult forms; salinity of l2ho is normal
fo r la rvae , while optimal temperature for larval development

~s 18—27°C. One can find similar data in the studies by N i—
kitin and Galajiev (1934), Zenkevich (1934), and Ryabchikov
(l°57 ). Ryabchikov , ci. r .  (1963) state that the process of
m igration of teredinids into the Azov Sea occurs simultane-
ousl y with the increase in salinity. The fact that the
highest salinity l ies j u s t above the lower borde r of v a l u es
favorable for development of shipworms leads to a sharp de-
crease in the number of shi pworms when the often observed
slight lowering of salinity takes p lace . Thus , the authors
conclude t ha t  the process of distribution of tcredinids in
the Azov Sea must be slow .

The influence of temperature and salinity reg ime on the
larva l ulatr ktcn in the chite Sea was shown by Pertsova and
:Pakhsrova  (la67). In 1966 the strong distillation and low
water temperature caused by a very prolonged and severe win-
ter had se-me- influence on the reproduction and larval devel—

- r i-s cat  of invertebrates. Bivalvia larvae were very scarce
and only the larvae of “ c ’ ’- , ,  f - c  appeared at the normal
times. At the end of the summer , only larvae of Mytilidae
were in the plankton. All this , of course , affected the Bi—
va1v~ ai uc~,L iation structure for many subsequent generations
i: ’. h la - h La -a t i e -c rease  an t h e -  q : ; a n t i t - ;  of their l a r v a e  in-
e i a n k t  ) n .

By -:~ og oring the data on reproduction and deve lopment
of ‘- ‘ i ’ ’ i l - .r - i l-I .: iii the Black and Ichite Seas , on the Atlan-
tic coast of Ne -rth Am ,-ri ca and on the’ Danish coast , Pale--
nichko (‘i~~48) came to the- conclusion that the duration of
:~- r r ,iuctton and d e v el o t a r c e r a t of - -~~i 1 ’  larvae is shortened
rn colder seas and is ttre shortest in arctic waters. The
same fact ‘was noted by i<ulikova and Tabunkov (1974) with the
deve l -nprrie nt of •he scallop, ,: - ~~

‘ c c  “- ‘o€ ‘c , in the Sea of
5 kh o t s k  ~Southern Sakhalin). In thn s reg ion the duration of
l a r v a l  (p el t - t ic) deve Ca-r-r’a-r; t as shorter than that in south-
ern se-ct ions ot the species  a rea , a r i d  t h e  ave rage  d i m e n s i o n s
o f  ,i r n- ,ae be - for : settlement are smaller .

SETTLI-:Ml-;N’F AND METICIORPHOSIS

The ~re-clems of settlement and metamorphosis arc suffi—
cien ’Ca y s seh ied in some species from families Teredinidae
and P h o l a d : I i .

M i l ’ ;u t i n a  (1959) draws attention to structural and
fu:.a c - c a l  :,rc- l I r a t le-n for wood—borin o in the shipworms
- 1u r ~~ng o n t o q e n e s i s .

Kiseleva (1970) g i v e s  a detailed anatomy of the larvae
,‘ h- ‘ ,- ,‘ i - rn ,- ‘ s i  -cit the swimming—creep ing  stage du ri ng
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metamorphosis and describes the behavior of the larvae. The
author shows the high selectivity of the larvae to substra-
tum . The larvae choose cracks and fissures in stones filled
with sil t and detritus. The high selectivity to substratum
is shown for Br-  i - ho - / r i  tc’s l i e - i t  ott (Kiseleva , 1966b) . The
st imulatin g metamorphosis fact or for this species is the
soluble organic substance excreted by algae . Bacterial—
algal f i lm cove ri ng solid subs trata is also a tr igger of
metamorphosis. Belogrudov (1973 , 1974 ) points out the ne-
cessi ty for a ba cterial—algal film on the collectors for
successful settlement of the scallop larvae , 1h- r t cc; -r - -ss - -o- n-

Under natural conditions , the best substratum for set-
tlement is the alga - -

- rarn ior -’,’ ka~e ,iol (Beloyrudov , 1973)
Petukhova (1963), Gorin (1969 , 1970), Zevina (1972) and

othe r authors desc r ibe the ph enology of sett lement of the
larvae in the seas of the USSR .

Thus , Soviet authors presently study such various as-
pects of the reproduction of Bivalvia as gametogenesis and
reproductive cycles (morphological and ecological aspects)
neurosecretory regulation of the reproductive cycles , fer ti—
lization and early embryogenesis , larval development , phe—
nology of the  larvae , i n f l u e n c e  of environmen tal fac tors on
the ga metes and larvae , me tamorphos is  and sett lemen t of the
larvae , and the ecology of these processes.
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R E P R O D U C T I V E CYCLES OF STYPLA P / f  ‘A TA

Thomas R . Fisher
Duk e Un ive r s i ty  M a r i a -. 1, .u l a c ,r a t u r 7

Beauf or t , North Carol ina ,‘sf t lC

In estuaries of the southeast U.S., the solitary
t u n i c a t e , P-N - pc: .’ 7 - ‘ - c~ r , is a common suspension—feeding
organism. Near Beaufort , ~[.C. , the approximate northern
limit of its occurrence , cycles of larva l settlement of
this species have been observed. Larvae settle heavi ly in
spri ng and f a l l , but only lightly in summer and winter.
Previous ecological experiments had sug gested that neither
competition nor predation were responsible for the low set-
tlement of larvae in summer , and that the basis for the- cy-
cles might be phys io logical in ori gin . There fo re , experi-
ments were designed to test the validity of several physio—
log ical hypotheses .

To test  the h y p o t h e s i s  t h a t  the low larva l s e t t l e m e n t
in winter and summer is due to low food abundance , the
particulate matter of the Newport River estuary near Beau-
fort , N .C. was sampled for one year. However , neither
quantity nor qualitative composition of the particulate
mat te r  could be co r re la t ed  w i t h  the observed larva l se t tc ia - -
ment.

To test the hypothesis that metabolic maintenance
costs or physiolog ical  pa rt itionin g of resou rces mi gh t be
poorly adapted at the extremes of temperaturcu in summer
and winter , carbon and nitrogen budgets were constructed
for  c / c - e N - .  Howeve r, metabolic maintenance costs ware-
e s t i m a iced to req uire only 18% of the carbon and 37 % of
the  nitrogen available for metabolic processes; and ,
fu r thermore , growth and an estimate of reproductive poten-
tial were maxima l at summec temperatures.

Af ter r eexamin ing the ori ginal assumptions , it was
found that the estimate of reproductive potential provided
an approximate reconstruction of the observed larva l re-

- 
cruitment when adult population size and predation in-
tensity were considered. It is concluded that neither fecod
ab undance  nor me tabol ic  m a i n tena nce costs can ex p lain low
periods of larva l settlement. Predation on larvae and

- y oung  adu l ts appears to be responsible  f o r  the low r a t ~~- of
settlement observed in summer months.
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I ta’h .‘~ ..bI~~ z-’,t, a~, BLA~aC~ .OT

HEAVY METAL EFFECTS ON RE PI- aUIPP C ’I’ l vi:  SUC’Ci-PPPtP
IN  MARINE BIVALVES

,“ e - a t a , o a a ’ a  to - a ,c i ~ a ‘ -a -a,- and Arl’,ne: o-’ r- ,:- ah~- !~‘ a , -5n-a 11
N a t  U n c . c l  ‘ l i t  i e - c -  F ’ i s h c - t  l i e  c c - r e - i c c

1-h id 1,~ A ’ c a t. i ,  Coasea I I-’ish c-r a e:
i I f o r d  :.,,t- ,rae c r y

c- t i l t - - a - i , C-ca a ; r a , a c ; ’.icu t J ’ ,-N ,U

Heavy metals h a v cn  long been rn - cacagnized as ser i o us
p o l iu t a n t s  of the m a r i n e  e n v i r o n m e n t .  f n  r e -c e n t  yea r s
considerable research effort has be--an placed on d e t e r m in l ,’ -7
the  e f f e c t s  of those  me ta l s  on m a r i n e  organisms . Relative--
ly l i t t l e  is known , however , about metal effects on ir ,v - - rt - --
bra tes , e s p e c i a l l y  t h e i r  embryonic  and la rva l s t ag e s .  This
presentation describes some findings of the Mil forc7 Laboica-
tory on the e f f e c t s  of an a r r a y  of meta l s  on embryon ic  a n d
l a rva l  mar ine  b ivalves . Exper imen t s  were  condo-cLad to
determine the acute toxicity and mutagenic effect of ;- ,c - t aals
on development of embryos of the American oyster ,

‘ a ’ , , -‘ ,a .a f.- - t ‘ .‘ : ‘, : / n /  a : .  Toxicity studies were also conducted
w i t h  the hard  c lam , , ap r 0- 0- 7 / ~~c

, ;’  - ‘ ca -a- u. Fur ther studies
were completed to determine the surviva l rate and growth
response of larvae of the American oyster exposed to metals.

The acute toxicity of 11 heavy me ta l s  to emb r~’ -:as ant
the oyster was studied and the concentrations at w h r c h  50%
of the  embryos did not  develop were  d e t e r m i n e d .  ‘15 ’.: mos t
toxic metals and their LC50 values were mercury (0.00311 p p m ) ,
silver (0.0058 ppm) , copper 0.103 ppm) and z i n c  ( 0 . 3 1  p p m ) .
Those metals tha t  wor e-  not as toxic  and t h e i r  LC 50 va lues
were nickel (1.18 ppm) , lead (2.45 ppm) and cadmi um (3.80
ppm) . Those metals that were relatively non—toxic and their
LC50 values were arsenic (7.5 ppm) , chromi um (10.3 ppm)
and ma nganese (16.0 ppm) . Aluminum was non—toxic at 7.5
ppm , the h ighes t  c o n c e n t r a t i o n  tes ted.

In conjunction with the above studies the effects of
• four metals  on the c y t o — g e n e t i c s  of f e r t i l i z a t i o n, meios is

a and cleavage were de termi~~ed. Si lver  and cadmium reduced
the number of mitoses at the 0% kill level , whi l e  a lso

F causing division abnormalities and irregularities. Arsenic
caused abnormalities in the latest stage zygotes at the 100%
kill level. Manganese caused severe direct changes in tire
plo idy  level of zygotes , and in losses of pieces and of

- 
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whole chromosomes .
The acute toxicity of S metals to clam embryos was also

determined . The most toxic metals and their LC50 values
were mercury (0.0048 ppm) and silver (0.021 ppm Y . Z i n c
and n icke l , al though not as toxic as mercury and silver ,
had LC 50 values of 0.166 and 0.31 ppm. Lead was the leas t
toxic with an LC50 value of 0.78 ppm.

A log ical ex tension of the prev ious ly  described stud ies
was to det ermi ne the ef fec t of some of these same metals on
larvae of these bivalves . A study on oys ter la rvae f rom 2
to 12 days of age has been completed. Mercury , s i l ver and
copper are the most toxic , while zinc and nickel , the
leas t toxic .
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REPRODUCTION AND D I S P E R S A L  I N  M A R I N E
B E N T L I I C  I N V I - R’l’EBRA’I’I-P S

Richard R. V i i i

‘s e - i - a r t m en t  of B io logy
Un i v c - r a a i t y  of Ca I i  for n ia

Los An ge --  1, -c , - 1], ; - - r a - a a

Three of the most comn~ n developmental patterns in
m a r i n e  ben th ic  i n v e r t e b r a t e s  are p l a n k t o t r op h y  in which
initially small larvae undergo an extended pelagic feeding
and growing period prior to metamorphosis , pelagic leci-
thotrophy in which the somewhat larger free-swimming
larvae subsist entirely on stored yolk until metamorphosis ,
and benthic development in which the non-feeding larvae--
remain in the benthos throughout larva l life. A fourth
somewhat less common developmen tal type cons ists of a lo ng
prefeeding benthic period followed by a very short larva l
planktonic feeding existence . Which larval pattern is
likely to evolve in particular cases depends on two classes
of selection pressures: those which influence production
and survival of larvae , and those which affect surviva l

- after metamorphosis. This paper presents the results of a
mathematical model which attempts to define conditions under
which each reproductive pattern is optimal.

Evolution of the three more common pat 1 c:rns may depend
only on the properties of the l a r v a l  environment. Assume
the following: (1) the length of the larval prefeeding
and f e e d i n g  per iods increase and decrease linearly with egg
s ize , respec tively; (2) development of feeding larvae is
faster when food is abundant; and (3) p la n k t o n i c  and b e n t hi c
m o r t a l i t y  rates are c o n s t a n t  and perhaps d i f f e r e n t .  ‘fh ’c
following conclusions emerge : (A) when planktonic food is
abundan t and planktonic mortality low , planktotrophic
larvae with a long feed in g per iod shou ld evolve; (B ) whe n

- ‘  plank tonic food is rare and p lank tonic mor tal ity low ,
pelagic lec itho t rophic larvae should evolve ; and (C) when
benthic morta],ity is lower than planktonic mortality ,
benthic deve lopment shou ld evolve . I t  is to be emphas i z~nd
tha t pelagic larva l existence may arise whether or not
larval dispersal is advantageous .

Evolu tion of those larvae with b r i e f  planktonic
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- ‘xIst ’ -a r c’c cc aa’ nc-s u it t rom s e P t e t  ion  t o r  disi ‘- ra n - i l - ii , llit / .
A t i ’ Ume t ie - ’  ~‘ - l L - w i n c j : ( - I ) I t i -  So c- ar e - s in . I j ’ J l i c - ’ !  j f l t O  a c t ; ’ . ’
1 - i i  ‘a: - r i 1 a i o ns  w a t P a j d - - a ,  I i so 1 - etc , ‘ c  a ,a a - r ,  c e- ‘ a l t  a t  - c o - L i  -
is ‘ c - h a -os - c ,  w h i c h  m r ’~ a - i t ion v i a  :c l ,In kt ‘se-c l a r v a l  cL~~~—

c - r n , i i  Sdfl (~),~2c ’ c c ;  (5) e,a ‘ i t  c g  u l a ’  ion c o - I - - ;  ‘ - r i te - - i tly cs
su bj c - cn ’ to  r a t i o - n - a , a h ’ t t s i t ’a ’ — , : t c I c ’ l a ’ - a r , j c - a t a l t !  t r a e - c t - a l i t - : ; a: , ’:
i 6 ) ‘ c p t  - a t a ~ a L i l it y  a , a ~ a I ank t o n i -  - t a v a  born n a

p . o - u P  I t  iOfl er- ’ a r t s - I a  ~‘ S ’  S lf l  L i a t  S , r c a r c  p O o - U a a t i u i a  ci c cc ’! - -dS - -tt
ex o o n en t . ia i l - ,- -,~- ith I fl a t - Ira the - i a c t i : t o r t . t o-ab r saac’:i
c ircums t a o - c -s , t a o  mode- i a ra -’dic-ts I N - a t :  (D) - r leo-a t pel ct’i ic
N i t  ‘.‘ il : c - - d r c - ’ i  peraod raa ,a’: c- vu l v - - ‘,‘ c - t i  t r ~ou c ’n plank s utica  a u - s I
a s  not  p a r r  a c -u la r lv abun ca acrt . or :a laaaact ’ , cic c mortalic,’ oar- a—
cularly ~e-w ; cc - (it ) ~t s n o r t  p l a n k  f e - I a  r c as i ~~‘ U following
pru ia .a c g ci rion—f e--ecling benti ic exist -es;- - c a t  A r i s e -  ~

‘- a cc iii—
- - -) mi s - b et  w e -c  n e f f i c i e n t  j u v e n i l e -  p r o d u c t  on v i a  c,~- a i t h t c
ccv’: 10 cc - a ,  a aci maximum post—metamorphosis survi ‘ a i l  - - s u 1 —
nat ;  fec - c’; - d i s p a - r s a i.

cci;, ther b ir ’j a l  sr  ‘Iu c t c o n  and su r v i v a l  on the one hand
r ic srJe - rsal ari d ost— ::aetacccu i priusis surviva l on the  o L h e - r

ole - n ‘N-c- dominant role an evotution of marine invertu-urate
no . r . . d u c t i v c -  e,~tt- ’rrcs remains unclear. What does se-cam
c l - - a r  ~~a t h a t  - - ,,cch as important in specific cases : selec—
t i o n  :c r  l ar v a l p r o d u c t i o n  is p robab ly  respons ib le  f o r  the
p lankto trcao -h ic larva e- of those species whose adult popula—
ti ccs a -  ,cc -aati essentiall y constant , while selection for dir—
pe --nsal prab-abia ’ produced those larvae with quite brief
‘ a la n k t o n i c  p e r i o d s .
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LIFE HISTORIES AN D THE D’i’iJ I~1-;
01-’ i- ’Ml 1 1  NC c t  )N~-t c- ~; i - i  N

Duke -  L a i v , -r s i t a y I - I - c r i t i c -  , . i i c a r . ., t  ‘ a ,.’
cc r L ; a  C a r - c l  c c - c

i n  ‘a — - H- -c_ - c’ i0; r

An e m e r g i ng  uaa r a at i i gm  of m a r i n e  b e nt ch i c  communc .  t - ,.- - organ--
izition postulates the existence of cor’c.nc’t c i t i v e  hierarchie s
in which one or a few species “wins ” in t he  at-sence of iSis—
t u c - b~ances  (Connell , 1970 1972 , 19 7 5 ;  D a y t o n , 1971 , 19 7 5 ;
DCI ’ :’t ofl , ~~ -

- . , 1974; Fishelson , 1973; P-Lange- and Su ’ a-  nl,ind
1975 ; Pa ine , 1966 , 1971 , 1974; Paine and Vadas , 11c c , ‘a 1-art-c s,
1972 , 1974; i t a c - - l I n , 1974). Co-repet ition is generally f-a r
space (Conne l l , 1572) or spa ce- and t c . c h t  (Dayton , 157 5 ) .
This process is of Let-c counteracted by cr-,:fe-r-~o-tjal sr- - ca -
tion on the dominant cora~cc-tttor (e.g., Paine , l9 6 i~ or  by
some more generalized nica ’eNcal disturbance (e.g., Fishelsun ,
1973) . These latter processes generally reso-it it ’. the co-
existence of an increased number of species hecna -ase th e
ce-m:cctitive dominant is prevented from “c.-iinraino” . iIo’c,”.-vu -r ,
predation and physical dist -cc ’i- cuc rces can also so so intense
as to reduce species richness directly ( D . a s t - c c r , 1971; P a i n - -
and Vadas, 1969)

In sp i te  of the c o n v i n c P n g  a p p l i c a t i o n  of t h i s  p a r a d i g m
to a va r i e t y  of m a r i n e  s’- ’s toccc s , one m a r i n e  c o u mmu n i tv  goner-
a l l y seems to lack a c o m p e t i t i v e  d o m i n a n t .  Th is  is  the
commuac.it’a’ of sessile organisms associated w i t h  the fouling
of man-made struutures , but- -~i~ icI~ a lso occurs on othe r
;-culcstrate subti:Ially (WHaT , 1952) . It is most often a com—
olex mixture of ty:!raids, bryozanans , sponges , and tunicates.
In taSte absence of (obvious) aredators and ph ys i ca l  distur-
bances , temperate and subtropical fouling communities under-
go continual and drastic changes in species composition
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( lIce-,’ ,! , ic - 72 ; c ’c ’ ! ’ ,’ 10 7 ;  F , a c c e r , l’~7 1; I l - a d - - n i t - , 196 8 ;
K , t r l a ; o a t , 1975; H c w - a i t a r , i , 19 (2 ; Mc I)ouqall , 1’~43 ; M i l l a r d ,
~i52 ; Ralp h and H u r l - ’ : , 15 5 2 ;  S m i t  I r , - . , 1950;

S u t h e rl and , 197- 1 , l u 7 r , ;  S u t h e r l a nd  and  Y it] cr0 1 , 1973 ce-ad in
: - rc ’ p a r . t I  ion ; W i l l s , - a t ’ . ,  l’1’14a ) . W r t h  a c - v  notable cx—
c ’ - c  t i n a r i ~~~, tao sin - tie 5 1 c c  co- lCs  5- - c U tS  ‘~~a~ c , i l . Ie  of  m o n o p o l i z i n g
space fur e x t - - i c - i c - c l  p e r i o d s  of t ime  ( i . e .  , f o r  many yc - irs)

1~ c--t ic-i l t y , - t ~-u m I a - f  itivi- dominant would 1 ’ a specc.ccs
‘s i l a S: a I r  “ icli ca l ” ;-ap acc- ut i1i z-a~~ccn strategy. It would have
a c o n t i n u o u s l y hi gh recruitment rate ; it would Ha c i h i a ’- to
i na  ide and ace - a -up ’,’ or e v io usl y o c c u pi  r d  s u b s t r : a t  - ; and i t
would live for ‘ m a o - a ’ vc ’ , a r s .  The last point implies not onl y
longevity, b u t  a l so a h i q hl y develooed a b i l i t - -  to prevent
subseijuont invasions and epizooic overgrowth . Short of this
ideal , ccsccc:>c --tit ive domination could conceivabl’i be achieved
by an organism possessing any two of the t h r e e -  “ideal” a

char a-c-t”rjstic s . A high recruitment rate coupled with an
-ability to i n v ad e  occup ied s u b s t r a t e  wou ld  o b v i a t e  the  no—
cessity for a long lifc :- span. The competitive dominant
would just have a hi -,;h turnover rate. A long-lived animal
with a hig h recruitment rate could gradually occupy all
available space even if the larvae were poor invaders of
occup ied space. The high recruitment rate would increase
the probability of successful invasions , and once sett led ,
the adult would be “permanent ” . Finally , a long—lived
organism could dominate the community even with a low re-
cruitment rate if the larvae were high ly success fu l inv aders
of occupied substrate .

In what follows I summarize some data on recruitment
rate , ability to invade occupied substrate , and longevity ,
in an attempt to discover which part of the life cycle is
“responsible ” for the absence of a competitive dominant in
this community. No attempt is made here to thoroughly
review the prodigious amount of literature on this subjec t ,
bu t  I bel ieve the data  gene ra l ly  are c h a r a c t e r i s t i c  of
temperate and subtropical fouling communities.

Recrui tmen t: I have chosen fou r  stud ies in which
recruitment data are available for at least two years to
illustrate what appears to be an extraordinary amount of
v a r i abi l ity in larval recrui tmen t. Two of the se s t u d i e s
were conducted on the west coast of North America at Bodega
D~ a’ , Ca l i f o r n i a  (Boyd , 1972) , and La Jolla , Cal i forn ia
(Coe and A l l en , 1937) while the other two were carried out
on the east coast at Beaufort , North Carolina (Sutherland
and Karl son , in preparation) and Biscayne Bay , Flor ida
(Weiss , 1948 a ) .  Data were t a k e n  f rom gra phs (Coo and
A llen , 1937 ; Weiss , 1948 a ) or tables (Boyd , 1972;
Sutherland and Karison , in preparation) and the coefficient
of va r i ation (Soka l  and Roh lf , 1969) was calculated for the
recruitment of each species or species group throughout
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the , cb s er v at  ion period (‘1’ abi - 1)
In te-ic’h ;t u c l a ’  th e amount of v O t t a t  ion in n-’ ruit cm-c1 t

rate was c- xt r-’ala c - ly ha a~0 , a I S U  i l ly ox iitic ~ 100% (Talc I.e 1)
This reflects not only - ci- - a son a l variation in rec cn ttr c ’c -r t t ,
oftc -n there arc- months wit h- -ci t - si-; ;: i fi c tati t rec rui t eie - ’a, t of a
species , but variation from -n- - am to year ‘luring ‘:uecc.- c r amb le
tim e o-c’riods. [‘h~-re is no ‘uarvinci ng e v i d e n c e  t h a t -  c l -ce
variation is h c - ; i r t ’ r  On are  eim ; t. coast , it : spite of t i r e
grentc -r variability in Letuperatcures on this coas5 , Tb-
range in Beaufort is almost 25°C (Sutherland artS }-Parlsora ,
1973) while the r a nge  it  Bode’;,i Day is only ab ou t  5N’
(Sutherland , 1970). T i t c - r e  is also no clear corn€-l at ron vi c l1
latitude.

Whatever the reason for this vari atic -n , it rakes it ira;-
possible to predict what larvae will b- in the pl ankton ~a ’
any aiven time . This is borne out by ttcc- ~.‘ i r c i i ~ilit y in
initial development of newly submerged subsc r a t e  (e. ’ c .
Sutherland and Karlson , 1973 and in p r eo -- c r a iOn; Dan-nd , 1972)
and will become important in the discussion t h i t  follows.

Recruitment to previously occupied subca~ t at e -, -‘

Except for some anecdotal references on tie-- effect of n — si—
dent adults on larval recruitment (e.g., W’-iss , 1948 b ),
Boyd ( 1 9 7 2 )  was  the  f i r s t  to a t t emp t  a r i d r o r o r t s  a n a l y s i s  of
this process. His experimental desiqn i n c l u d -  ci 1onq ~~t , rcr ,
nondestructive censuses of species coraposi~~i~~n on seq cc-.-stthl-
ly submerged substrate. As a r ’-nul ~ he ‘

~ as able ~~an cor ’ctaarc -
larval recruitment on substr i t - - s  s u b m c - r ; a a - - 1 f o r  S i f f - - r c - a r ta
periods of time , with -lifferer - t Ic nsi’ s o~ i’ si’lent
adul ts , over the same fe- tn wee- k penic’- i . aN - p ’ ’ o~ has r, c’aSts
ire reproduced in Table 2. In ill c~aaa c-ac - , :.t aa a e ,
recruitment was gener-illy heaviest on ~hi- - ‘  ‘ - a ’. t ’  a ” c c - iat - s ,
those submerged f r o m  four o c c - i i S r t -

~ e k s .  cio v- -l P l i ” 2 )
concluded t h a t  most s-soc-ce- s  “~~ re Oar ’  cc~ a a ii’: sa r - I on
essentially clean substrcc ’ -s ” . The one x- ’~ - ; t a c - r c .  was
O ct .  rp h o t ’  ( - n  - ‘c - . which u - a cr e d  spot a - ia cal -n - u - a b o u t  his
observa t ion  per iod and se t t l cc - d  - ‘- y c a u l y  -.osll  ‘an ~ccc u p a e d  md
unoccup ied space.

Boyd ’ s results clearly in La cate ti - a n  r - s ~~-ient :ccI.ul tas
inhibit subsequent larval recruitment , i l th ou - n h t h e a ’
u s u a l l y  did no t stop it entirely. l ow e - a -c - n , hr  - l i - I  r a n t
report which resident adults v er a  doinq t a L c ’- inhibiting
and whether or not different species ‘-on no d i f f e c ’ c c ’n t i a l l

H capable of preventing s ub s c a - l u o n t  recruitc~ar,ra ta . I h ave made
observations of this kind on Sequentially submerged , non—

• destructively sampled substrate at Beatufnrd , North Carolina
(Sutherland and Karlson , 1973 and in preparation). Since
only percent cover da ta were taken in my study , it was
necessary to wait until a species (=species 1) became
abundant enough to cover a substdntidi poe-Lion of a plate
in order to detect its presence . A period of 90 clays was
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I

-a rb it r ar - i l y t a kc- n as a c l c ’ ’~ m i a t c . A t  t !i c ’ e-rul of that c ir a - , the
( te e - c en t  cover of species 1 a-is c o mp a r e d  to t h e  porct-nt cover
of species 1 on a pr evious l’-.’ su bmer qed p l a t e -  w h i e - L  i a - a d  t c - a ~n
monopolized ( > 80% cover) b’, species 2 ccv -r  t i e - 90 day
int c ’rv.d in la le s t ion. Di fFt -ni- n ces in 1 - ‘c-n t ;‘cn’J(’r for
COt -d ai s I cc- -n ’- assumed to result from t h c ’  i n h i b i t  i r a  of
ra ’c ’ r m l r  t t - t - n t  in S  u-c- -a r o ’,-J t,!m by sort ies 2.

Althou gh ‘ t ab l e  3 is a n e c e s s a r i l y  t n c ; - a ’ c~ ’ l e t c c -  a ; a t a l ’ a a r u
m g  of those c h i n e - c -  occurercces wit i e- i , s a t  isfy the ab et ’ - -
conditions , it is appc an; ’nt once - a c ~-iin that r e si a l , -rt t - -

s t i’o n r l y  i n h i b i  t~ recruitment and/or suba ’a~uc ’nt c i r c a - - ta  I , .
is of part cc ’u l , a r  i n t e r e s t  is that many of these r c - l a t i o n —
shi ps are r ’- c -c i pro - ’a i .  For example , ‘ e -  - a ca -e li - -a inhibited
t h e  n a - -ruitment and/or qrowth of several species , but was
itself unable to i nvad e-  areas occupied by these  same spec~~-r.
‘rhese r e c i p rocal  i n t - - t - a c n t i o n s  mean t N - i t  the order of in-
vasion has an import .ir’tt et c-ct on subsequent community -

J evel,a:eca ’,- a a t  ( Se c  -Also Out /ac ’ r~ and 1 9 7 4 )
0 th -n o b s er v a t t i o ns  at )  t ) -a t u f o r t  ( S u t h e r l a r a 3  and K a r l s o n ,

1973 , iii r c r ’ ( c c t r a t i o n )  m a u i - a t -  t h a t some species are better
able to inhibit sub -u - - r u e - n t  larval recruitment than others.
For example , Ct !-- ,- ‘ t a :‘ ct i .a ,- -.a a ‘- ca , an cincrusting hydroid ,
h a s  occup ied one p l at e fa c e three and one half years , resist-
ing essentially all l c a r v a l  n m ’ - -rui ta ac- nt durinct that time .
On the other end of the sc-ale , oysters ,in-cI barnacles
(unless the latter are ‘,‘c-r-; dense) ire usually overgrown
ha’ new recruits in a f~~ months.

The larvae of some s~ u - c i c - s are also betto r able to in-
vade than others. °or example , ,)‘‘ .COa r Z t ’i:t’r commonla’ in-
vaded mixed assemblages of adialt s from 1972-1974 , and ira
December 1974 many p r e v t ’c -u s l y occup ied plates were invaded
by Cot :” , ba c , - (Sutherland and Karlson , in p r e p a r a t i o n)  . T ine
sponges , Cn l t ’cb ona, and Hol -” . - ie-ccc- :’ z- ‘ -a , are also good in-
vaders of occupied substrates at Beaufort ( o ’ . .-~~a . ) .
Finall y, we have already seen that 1- - ’ a- - Z H o - ’ a - c ’ . is
capable of invading adult assemblages at Bodega Bay
(Table 2)

Except for the few species like ~ - - a ’ - -  cH ~~ at
Beaufort , or A a r elt ’a schyphistomae at Bodega Bay (Table 4)
no resident assemblage is completely invulnerable to larva l
recruitment. t ) - 5 -’ a;ot’ orehicz a c c - j . c O Y”t .hn at Beaufort is one of
the most hi ghly resistant species to subsequent larval
recruitment (Sutherland , 1975). Nonetheless , species are
gradually added to ‘a ‘h- ’noa- ar- - -i~ a monopolies. For examp le ,
three plates submerged at Beaufort in August 1971 were
monopolized by -

- .,ac :a oa a o c ,, 17a , yet diversity gradually
increased with time (Fig. 1)
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Fig. 1. Brillouin in c- Ic -ac of divc- r s itv calculated for the
avcar , iq - a  snecies composition of 3 plates submerged ~~T a  J,cirrtjst
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Fig . 2. Percent empty space present on 3 undisturbed plates
submerged in flay 1971. ~~=p late 1 , V ’= p l-ate 2 , ~-. =p la te 3.
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It is thus c i t -a r  that rc -sident assemblages inhibit sub—
a1c-ao ucarat larval recruitment arid that many of these i.rtteraiat—
ions arc ’ reciprocal. it is also clear that different
cpc’cles are di ffen critia lly c ap ab l e  of resisting larval re-
cruitment as adults and of invading adult assemblages as
larvae . Thus the successful invasion of an adult aaa-uc ’:achlage
is a highly comp lex mattc--r dependinq on the species com-
position of that assemblage and the species composition of
the larvae in the plankton.

Longevity: Data on this aspect of the bioloq-1’ of these
carcianisms -are rare because most sampling regimes are de-
structive in nature . Two studies which include data on
longevity are those of Boyd (1972) at Bodeqa Bay , cind my
own studies at Beaufort (Sutherland and Karison , 973 and in
preparation. In both cases information is based on repeatud ,
nondestructive censuses of the same substrates.

Clea rly roost of the dominant orqdnisms On both -coasts
are short—lived , even allowing for the possible overestimat-
ion of longevity at Beaufort (Table 4) . Life spans of four
to eiqht months are common . 1n each area , however , there
appea rs to be one species cap able  of persist a-nrr for an in-
definite period of time . This persistence implies not only
longevity , but an ability to prevent subsequent N-arval re-
cruitment.

These short life spans contribute to the spontaneous
“slough-offs ” which are often associated with the c’nortality
of the dominant organisms . Organisms which are attached to
the dying species disappear w i t h  it. In some cases slough-
offs can occur when apparently heal thy or gan i sms  become
detached from the substrate. This occurs commonly with
solitary tunicates at Beaufort , org an isms wh ich  are capable
of settling in mixed species assemblages. Often the site

- o f  attachment is initially precarious , being on top of other
organisms rather than on primary substrate . Although the
attachment site may serve while the tunicate is small , it
eve ntua l ly  becomes too large and is dislodged along with
the original occupant by tidal currents. This can happen
with many individuals simultaneously and can be a catas-
trophic event leaving behind much free space.

Whatever their cause , slough-offs at Beaufort commonly
occur in the fall and can result in the provision of 20-60%
clear substra te (Fig. 2) . Similar events have been ob-
served in fouling communities in California (Boyd , l 972~H a d e rl i e , 19 68; Fager , 1971) , Japan (Kawahara , 1962),

• New Zea land  (Ral ph and Hu r le y , 1952) and South Africa
(:-~ill ard , 19 52 )
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If we now ask which part of the life cycle is ‘ respon-
sib le ” for the ab s e n ce  of a competitive dominant in this
community, the -mn swer fi at ’ most e-pc -rc- ies is ‘- a ll t h r - c c ’ a  :) ar t s ”
The majoroty of the opec:  t e a  d i scussed  hon e  h,avcc- a - - ; ’- rc-m cal’/
v ar  a - a b l e  r e c r u i t m e n t , have  di  f f i c u l t ’ i  i a i — z : a d i n q  r : r c - v i o u s l y
occup ied substrate , and are short-livr-d . The longest-lived
o r g a n i s m s , e .g . ,  a!~ c’ i ’ - t - t N - ! a  at Beaufort ,an d 4~~c ’ N-’ -a
sch yp h i s t o m ae  at Bodeqa Bay (Table 4) , “almost never ”
reproduced . At Beaufort we have observed only five or s ix
colon ies  of 7~c :: ‘ - ; - ~~~~ i’ c a :  i n  four years of following several
hundred plates. The same low level of recruitment was true
for  a- t c c - ’ N - -’ -:  schyp histomae at Bodega Bay (Boyd , 1972). Ad-
dition all y these species seem incapable of invading
occupied substrate; -all but one of the a ‘ / - ~ a c - - colon ies
observed at Beaufort were epizooic and disappeared along
wi th the original occupant ac~~’a-’a r’c b z  at Beaufort has
a high , but variable recruitment r - c t t e  and colonies nersist
for a moderately long time (Table 4) , but it is such a poor
invader O!a occupied substrate it gradually disappears from
undisturbed communities (Sutherland , 1975). S n -- - -Z:z is the
onl y other possibility at Beaufort , having a moderatel y lon g
life (Table 1) and being able to invade occupied substrate.
T-iowever , when this solitary tunicate becomes dense enough
to exclude other communota-’ members , the resulting , anasto-
mozing mats of individuals become unstable and slough off
(Sutherland and Kari son , 973; Sutherland , 1974). The
1ongest—l~ ved individuals are solitary .

In the  absence of d i s t u rh a n ’ — e t t -  re -are pe r iods  wh- --n

one -o r more of the “good invaders ” (e.g. , solitary and
colonial tcanicates -3nd sponges) ~s dominant , occupy ing
greater than 50% of the area (e.g. , Boyd , 1972; Karison ,
1~ 75; Sutherland and Karison , 1973 , in preparation)
However, this dominance does not last because the organisms
are short—lived or conversely because their recruitment
rates are so low . 1 conclude in general that there is no
competitive dominant in temperate and subtrop ical fouliraaa-

- communities. The absence of such a dominant represents a
f u n d a m e n tal d i f fere nce betwe en th i s  commu n it y a nd n~th er  well
known benth ic  marine communities (Dayton , 1971 , 1975).

While certain species can impart some degree of stabi—
• litv to the community by persisting for considerable i’ - nc:ths

of time and by resisting larval inv asion (I hav e c a l l ed
these patches mul tiple stable points (Sutherland , 1974)),

- - over a period of several yea r s  species earn usu al ly added as
a res ult of larval recruitment (e.g., Fin . 1). A ddit ion all y ,
shor t li fe  spans contr i b u te to mo re or less ann u a l , catas-
trophic slough-offs which resul t in the provision of sub—
stantial amounts of free space (e.g ., Fig. 2). We hra y o  seen
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tb -it free sp aa-n - is tali e ; c t c , f c  ‘rrc-d s i to Ir an subsc - c ;ti- -~~t 1 - a rvaa 1
- r - ’ c r a - a i t a aic - r a t  (Table 2 ) .  I t t c i e c ’ d , sc- c !uon t ic -al rcb c , - r v , c i ion s  of

substrate at Beaufort have  i u i c i i c c : c a  L a - c l  h a t  f r - ’ - accc ,ca c:c~ pa C c —
a iu c ’ecl by slough—of Es has usually l e t - r i  colon i ; - cc , c i  by a t ’
recruits r i t h e r  than being fiil ’ -d in by t l a ’ c’xpansion c-f
resident colonies (95- , of the  t i t i t e - , n = -12). I-ha- L iv ’- also
seen that variability in  l a r v a l  rc -a ’rtuitment is ha qh . Thus
we cannot predict w h i c h  larvae will be ad- lc d to na- -s id ‘~~ t

assembl ages or to the free space na idc — availalai c - by ca t - an : t n - - —
phic sloug h—offs. However , observations at B ’-autn rt havca
shown that the species settling in thc- free space is ia - Ia - i ,c /-

it’ a different species than the orig inal occupant ( 8 2 a of
the time , n = 39). The subsequent development of this frca-a
space depends on th,c - abili y of the new resident to resist
su b s egu on t  recruitment and the identity of the larval
recruits. Thus variable recruitment , differential abilitn
to invade occup ied substrate , and short life spans all work
together to produce a community with no stable climax of f b i -
“usual” sort (e.g. , Odum , 1969) . Change is the rule rather
t h a n  the  exception in  f o u l i n g  c o m m u n i t i e s  a l l  over t h c - ’~;ori/ ,
in North Carolina (Karlson , 1975; HcDougall , 1943;
Sutherland , 1974 , 1975; Sutherland and Karlson , 1973 , in
preparation), Florida (Smith , et oN- , 1950), Ca l i f orn ia
(Boy d , 1972; Iladerlie , 1968; Pager , 1971), Japan (Kawahara ,
1962) , New Z e a l a n d  (Ralph and Hurley , 195 2 )  , a-cocci South
A f r i c a  (Mi l l ard , 1952)

Terrestrial plant communities are traditionally thought
to respond to perturbations (e.g., fires) with a community
con tro l led process cal led succession (Odum , 1969) . In at
least some of these communities , viable seeds of succession-

- ‘ al species are present in the soil and germinate irn n i e d ia t e l y
after the climax species are removed (Marks , 1974). These
successional species “prepare the way ” for the development
of the climax community. In contrast the fouling community
has no such reservoir of “ successional” species. Coloniza t-
ion is generally by animals which have short-lived , even
nonfeeding larvae (Barnes , 1968). Instead of “preparing the
way ” for subsequent larval recruitment , residents often
inhibit it. Finally, the process of community development ,
e.g., on unoccupied substrate , usua l ly does not produce a
stab le cl imax . Thus  fou l i n g commun i ties provide li tt le
evidence i n suppor t of the tr adi tiona l v iew of succession

• (e.g., Odum , 1969).
In a l l  ben th ic communi ties , larva l recruitment repre—

sen ts the m a j o r  process by which the community responds to
perturbations , but at the same time constitues a potential
perturbation to existing adult assemblages. I be l ieve  f u —
tu re research  should  fo cus on the ab i l i ty of la rvae to
invade previously occup ied substrate and on the rnechaa n L:t’: b-c:
which the resident adults inhibit this invasion . In
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addition , stud ies shou ld be cond ucted whi ch , whenever possi-
ble , involve long-term , nona-~estructive censuses of the sour-
sites. Only in this way can the essential life history in-
forma tion be gathered on the community members, and only in
this  way can ques t ions re la ted to communi ty stab il ity be
answered . Finally, the roles of important community :-aent~c - r s
can only be determined through the experimental manipulat ion
of their density, e.g., excluding important predators or re-
moving  important competitors.
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ECOLOGICAL IMP LI  C o i l  ONS OF PATTERN S OF ROCKY IN l’LR-
‘I’I DAL COMI ’lUN i i f  STRUCrURE AND BEHAVIOR

ALONG AN E N V I R O N M E N T A L  GRADIENT

Bruce  A.  Mr-nyc-
1~~l - a r t  a nii t ati at Biology

University of Mac ; -~ a - aa - i a  a-a -tts
a 1 , acca -  La - c , , Mass a caaau-  a- a; Ua t25

I N T R O DUCTION

Ira - seeking to understand local and geographic patterns
of ,2 - r a artca - ltaita - ’ structure and behavior , most ecologists  have
relied on examination and comparison of such patterns.
Though t h e a - c -  t e c h n i q u e s  will always remain an integral part
of the fabric of a-’cological research , ecologists are becom-
ing increasing ly aware of the equivocal nature of conclu—
sions baa -a d exclusively on an observational-comparative

- approach. Luckily, increasing numbers of ecologists realize
a- that the best a-a-i to reduce such unce -tainty is through the

performance of controlled , replicated field experiments
- (e.g. Connell , l975a ,b; Dayton , 1971 , l975a; B. Menge and

Su ther land , 1975; Paine , 1974; Schroder and Rosenzweig , 1975)
At present t h e  i ’ c a’ i m a r y  ~ca r -~ ct I ia-loners of t h  s ar-ca-a-roach a~ emarine and plont e~a-olcciqisrs , perhaps because the organisalas
they study are largcc ]a-’ slow moving or sessile and readily
manipulated. In my opinion , some of the most exciting
advances in our understanding of commun ity—leve l patterns
atave emerged over the past fifteen years from experimental
field studies in these systems .

Early wnrk in community ecology established the exist-
ence of certain recurrent patterns of distribution , abund-
ance , size , trophic structure , species diversity and comrnu—
nity development; i.e. various patterns of community
“structure ” were observed. Current research is aimed pri—
man ly at understanding the dynamics of communities; i.e.
how an observed community s t r u c t u r e  a r i ses  acid persists . An
especially intri guing and controversial focal point has been
the problem of understanding why certain areas of the globe
have many more species than others . More specifically,
ecolr-;ists have tried to explain the relative effects of
several factors (e.g. predation , competition , climatic Sta-
bili ty, productivity , spatial heterogeneity , time ,
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1 - r a c t - e t a l  b a e t a ’r e c a ; c - r a - c -  i t y  — a t i ” ’  j c l c i f l ka- i , I9( , (a , i a -  - -i) on - i t t - - r n a - a
of w i t h i n  - i r i a l  L c - t ’ a,’ , - -r a - a - d - i t , i t  ac - c ’- ’ i c -s d i v - - n a ; a ‘ it ’ ’- -‘- a ’ :iur ,
l9tc -i , 19tH). A t~ cent S’. ’ r t t c a c - O i s  ha- ’ B ,  t t i - r ’g c  a - ca - i S u t c a - - r I - a r i d
( 1 - a : - ) ,  a a - o n s o l a ’ r c - - a I  l i i  s -- a c c - . - dc- t a i l  ~i l  - ‘ - a - , S- a - - I - I - - a c t s  1 - c - c d  s~a- ca - —
Cies a r l V c - r s i t ’ a- ’ is m a i n t a a a - c - c h  p r i m a r i l y b a y  t h a -  r ’ t a t i ’ / c a -  ( a - a - ’a U-
all (communit’ ,- — w i c l e )  m t  r -n s i t y  of pr-c-dat i ’ - i i  a - t a d  co a- it ic-n ,
‘.- A a i c h  ar-a it a - a - a a- rs ely i’elated. T h c - a , a  arc ’ i r a turn infL,- -a .  - -

b y c -t imat iaa stabilLty, temporal h t a - t c a r c j c t c - r O - i t ’ - , a i r  j c t , r a l
heta--r - - c - n~a - t ty, ; -r ’ c ’ daia ’tivi ty, and t a - c - T i a - a p 5  othcc ’ i- I dc~ c - a - cc -;.
Sutiter Lea -c l  and I furth- -r aa a: a ;c ccs t ed that b - c a r ,  - a s i n g  -n v i r ’ a - - n
mental rigor p errai tted t h a ~ d c a a - ’ e l u p r c c e r a t  of a a - ; iraa r- - a s i r a - - a l a -
complex tro la la i c s t r u c t u a c -  . I-Ac -n tror -hic a - t  ( a c c t u r c -  i s  -~~-r ;—
plex (e . cj. many  t ic’ c h i c  l ev e l~~, m a n y  connect ia-cnN L - - t , , - a - - - -r, corn-
ponr’ra -t species) , U r c ~dat  ion is intense and is the dc-na- :, — c t

stru a~turin r ,-a a c e n t  in the cc-~r :arc ;aa-fljty , In t r’cnttical i- c si nc-Icr
c o m m u n i t i e s  over a l l  l r c - a ~at  N--n tntc ’nasi v lessens c a r a ; j  t a -he  r ic--
of competition in structuring the c’ona-c;crnity incr- . - a s c - s .  - 1 :- is
syn thes i s is suppor ted fj ’a- ’ a

~~
’c - t ,  riment al data from several

h a b i t a t s  (e.g. Connel ,lc af ,la , 70, 1971 , l~~
’75 }a - ; C a y t  -a - a - , 1 a 7J ,

1975a; Jackson, 1972: B. Mc -ra~~c, 1972ia- , 1a-c 7 6 a -  P a i n e , N - f , , l~N - l ,
1-374 7 We-odin, 1974)

A second even more contr ’a-’a-- ca-rsia l Utobi c-ra - has been tr a -’ —
ing  to u n d e r s t a n d  d i f f e r e n c e s  in ca-a- ca-city “ st a t b i l i t a - - ” one -n - ;
similar kinds of habitats (e.g. rocky intent a-dad region , for-
ests , deserts , lakes , etc.) experiencintcj diffca rc - a - at regi-na s
of environmental stability (e.g. see -lood-seli a-and Stoic-h, 1969).
The latter question has been especiall y pr-ccbic ;’aotic ba -c-ca no e
“stabidity ” can be defined in numerous quitc d i ff a-: , :a’at :,ut
eclually significant way s  ( H o i l i n g, l 9 7 3 t  “ i a r - a J , l e f , l l c 9 ) .  ;a,
maj o r , .au t  as yet poorly quantified , aj ’l c -b r c l :aottca-rn C f  ccaa:-a-ra a ca- —
nity ‘ stability ” seems to be that trcca-ta-ica i co r o r a c o ni t i e s  am-a
more persistent (i.e. exhibit lessvariation over time ) but
have less res ili ence (H ol l ing, 1973) or adjusta-r:cc-flt stc :ch-a -iity

( t ’targa lef , 1969) than do more po l ewac r- .i communities (La-ct see
Pete rson , l975 , fac - r q u a l i f i c a t i o n s ) .

In this paper , I examine these two problems (species
diversity and community stability) and suggest q u a l i t a t i v e
models exp laining patterns of community organization and c-a--
mmunity stability. These models are in many na-nys tentatine
and specula tive : bu t rest nonetheless on wh a t I feel c-- ’ be a
firm foundation of largely experimental field analy o’ sofnoa ’-
munit y structure . This paper , though an “ac ayca-r v ia - aw ’ of cx-

• penimental community ecolocjv , is not a review in the strict
sense. Quite adequate reviews have recently cipra-ca-ared else-
where ( C o n ne l l ,l9 7 2 , 197 5 a,b ; B. Menqe and Sutherland ,1975).
Rather , my goals here are to concentrate on general concepts
with reference to relevant publications when appra pr icito .
Some data from my studies on rocky intc-rtidal c o r a r n a r r ; i t y orgo-
nizatiora in New England are included to illustrate my pccirats .
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- ‘ ‘C c- i -i- v , ; - I - b a - UC - p uI t l - I  : ,N - c  t ) b b / ~I i i ’/ ,j a ’i’ I ( t N
A l , ; Ccb C D V I  i - c -  - N I - I c , ’ I I ’ I ’ ,’ i ,

Vet i n t l  Loris

Ua’a p-i t c t a - i a -  -ca - i cc -i n a - C a ;  oa-’c a t a - - a a a : l t a a - f l g  c o n f c a - a a - e n  in t he
l i t a - r , a L a - i r e , : c - .~- c ri t a- :a i  i’UIi C c ’ a - a t a  r r~ ca- c- cclog y t a - - a v e  a sarej lc
~iaieI y ac - - - a - ’ - - ai c1 ,cf init ion . As a re sult , such c - I ra’s as
ca - a - c - ; ; ‘,.‘t it, ic-La , cottunca -ic i f- c.’ , 1 r  ca - i a  t i c - i a -  , etc ., nius L n - i c c a - j i - f a ned
~‘~i L a ; c-- aN - ; U a - a - ca . L i a r -  de fitr a tions I have in tacind W a - cc-;; using
a - a .:ia - tc-ritis I I  Lil a a- i - a - a l a - e r  are g i ve r  in ‘l ii i - Lu - . ‘I’ ;a e s c a -  o r ’_-
tar-,,~at , :ra-o ; sc,-ver,il sources (Da-a--ton ,l’-1 7i , “‘ a- 1973; B. I - I c - ; ,  a ,
i’a )7a’; B. tlcc- t a -- te and Suthenl ,at - li’S , P1 ara -ic - ca , 1974 , Reyno i-2ac-n
JII,t ac-e lt-a-a ’:y , 1 )71 , Root , 1917)

;,‘cl ;la-c-a- ; of C: ‘a-’ ;mu :citv Struct -irc a in ii a t -  a- B ot tu r a -  I - I - a  r i  n-c’ ~ ‘:‘~~~ ‘-~a - ’ a-

Modern science ca -as I a - i - ( A res ted h a - r i  n ia r i lv 0- ’; cii  l a - c t -  i~~
P l ia - b e t w e e n  an - t  l 1-t ccc : and  :-a’ n t h e t C t c~ C~ a n  i ; a ucc- s, ta - a - - a - -a - c - a ]
bc-i ti -ca t ; -  build can c - ia - a ir rs L a r c h i r~a - ; a of eec-r i  lox st’s t c c , a - c ac- ; Ia- ’ ; an,
u n d e rst an d i ng  of tn e  i - c : - t ; a v i u r  of it s  a- aor a a-~a-onents a - n j  c a - a
these m nte ra -at to 1a r a -- Lc a ’e t i c -  o bn o ry c - d  s - : a - t c - t -  . Hence t a - a e
even t-a-al development of a -j I c - a b a - i l  c a c o u c a l  or cluster of models
of c - n ; r a - c u r t i t v  organization should rest on syntheses a- a -ua -~ jest—ed i c - ;  i n c a l~-scc - s of local c-ca--cci’;’inities ~a r rayed abc -n -a - local
en-ca- i a- ari a- e n t al  gradients. Subsequent anwa -l arison a c - t a - - a -a c - a - f l  SUc~
s y N c - c a - c a - a - c  should retool which generalizations are restricted
Ic--a- local situations and which can he b r o a d e n ed  to hi -b ier
l ev e l s  of ac a ccc’rc a -a - -i e a -ait to exp lain widely ola-ser’,’ed pdtterns .

The fact that some areas h a- c a -ca- r e l a t i v e l y  a - - a n ’ ;  : ;Cec i  es
(e.g. tic -c a - i - a - a l, forests , coral reefs , dec-c--sea soft a N -acce n t
‘:ctra;munities , etc.) and others have relativel- : fewer ,e.-c~.
temperate f - - n - c a t s , kel p f o r e s ts , shallow—sea soft sc-b ic - c- nt
rotc -na -unities , etc.) is , of course , widely realirea ( e . g .  a- c - L a
,N-- ’.; ;- t i - a tr, 196), 1972 Ricklefs , 1973). Althoug h thc a - : a c n a c - i ’ a —
tion of c-a-p c-cie s and thus species a-livers ity results from
pc-c a - r l c ’ c - a a a - - i ” r s t o o d  sp ec]  ation processes , the r :a i tct en a r ; -c o of
varying ie-a-els of species diversity is clearly some func-
tion (a-f i r,te’ a c t  ions bet-so-a-n ciaaracteristics of the biologi-
cal and physical environment. In ma-’ vie-a , the hioloqiral
i n t er a c t ion s  of p r e i r c at i o n  ( in c l u d i n g  i a - o r b i t - c u r ’ ; ) ,  ia - i  olo gical

• d i s t ’ r r f - , a - r a n e s  caused by the activities of a aipea:ies , and
ca-ear- petition are the cardinal factors regulat a - c - a  i c - ca l
uj ecies di’ ersity. OLDer factors such -as stru- -tural ant,:
f - - c - a - p e n a l  ) a e t e r o - j e n e i f a - - , p r o d u c t i o n , cc- tO ., have modif y ing
effe, -~- s a n d  ray affect - li vcrsit y both throat a- a

’ and indi-
rectly t ca-rough their effects on predatory or coi:-p-etitive
interactions (B. i’lL-rage and Sut c- l a n d , 19 7 5 )

D a ca ; ’ en t ly ,  Sutherland and I sugges ted  a s imp le ‘a - c a - ha - a l
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to  exp i a - a - r i  the a - ; c ’ c - ’ i i a - t i a - - i ly c o n t ra d i c t~ a y (c-- .-j. P t , n a r a , a , l’a- (,()
L ’ t  t c ,c a , a - t S  01 a-” ’ t ’ aa ~ ’ c - - L l t  ia - t i  a - i a - a -  ~~t t a - a h a t  a - a -  t a  c - t a  : c } a - L ’ c ’ i L ’a- d i’,” a rs i tj  ia-

~a coa - a - a - a - , aai a L a- ’ . h a - a - t a- a - a - a - - c a  i z a n y  St Oa t a ! - ’ i - c -  a - a l l y a a t c i a - c ’ r - c c a - t a - j l c c x
i a - p a - ’ t t a c ’ a c ’ c a -, i i  - pa  oc i,at a - c - a - ,  i a - y r  t , - ‘ c - i a - s  - - a - -j aj e s t t ;  a t  s ei c a ’r  i c-c-a
I t r a - c - l a -’ t -  i t  o r ;  a ’, a t i a -~ ,‘t t~ a- v.1’,’ d o t a i i t a - i r a - t  Sa - a - c - a - l la- I-a- a - , , i l i a - L , i j r a - ,- a -  ‘ a- a- a - t a
a t -a - -O IL-a-a - t i c  - t a- t a -  n y  .aHc-  \ ‘ i , a -  a - n c a - J  - “ ( ‘ (c - I  a- i t  i o n  - i r a - u  p e r a - i  tt - . c a - I
a - c c -’ i , ’ ; , a - a - c i - a - a a  c a d  - - ‘ n a - i c - i  - a - a - cc -c-’ ca - I a - c L a - a - c - - i ’~~a - . , c -  a - n f c - ~~i c c - r a- ’ c t a a p c f 1 —
t a -a - i s ( è . q .  P a i r , ’ - , ( ‘ c i i ) .  P i , - , i , t a - o n  j f l t a -’ a a a - j i  a- a - l a - C r - c -u ses  s i t a ,
tta - crr’aa a - ’ a -’I a - -nv a - - - c a - : c a - a - t a ,  s t - a b i l i t y  a - a -’ cu - a - a - ce pr - a - d a t e r  - i c t iv i t - 7
~i t ic - I  - i ’ , ’ c - a - r  . ; i ty  a- - , ‘  a - a - a - - a - ;  a - a ,  a - a c - i  c - t a - vj r ’ a- r a - a - a - a-’n f s . ‘ J , c i i O U S
p o r t  a - o n - a -  of ‘ h i s  aa -’~, - t  t e st s  a t - c  c a u t a - [ c - a - - r  - ‘ - - by o v i - i a - - : i a -’e f r o m

a - a - ’ , ea,a~a- c- ’t La - - c c n t a - s ( e . ’~j .  11t h , - a - a ’ ! .  , 1 9 7- ) : P - c in e , 1966 , 1971;
a-cc-a- I t . ‘-la - - ra- ij a- i a - a - a - i  h u t  a - a -’: l a n d , 197 - , for a - - a - a l  L t a - a a - r ca a l F4a.i a--rera t ’ - - :

‘ a - . a - - t i t i on  a - a ,a-~~eL h c - ’ s i a - ;  a - r  c c - i c - c , - a - a  t bc-c c a - t a -,ca r h a r t ) ,
t a -h at .  w i t  a a- n ’a-’c-_-a a- e  ct -- ‘n’ , a - c  e a a , t a - c ; n ’ al a - t a - a b a -  a- t t a - c -

’
~~ - ‘  ‘ci a - i c- f i ta-I On

intensity ira cca r a’ a - c ’ s  a ‘ - i a - a - c- species Ca -an  -c- ca. ’J ut e  . r c  time
ar a - - ci  -a - na - - r -~v tao - c c- c c - a -a r  ‘ a - -  a a ’~ 1 , a - l S l t, iO f l  (c - ca - a - I less t a -  ca - ca - a - a - ing  ‘St t ta

t a - a c-a pia ’;aca-cai c - n a -,’ , a- a - a en t )  (~- I , a - a . ’ i ’: rt  or and  ~‘c il , c -ci n , l i ( a-f l
I n t c a : a - s e  (c~ a-ac a- p - a - t 1  a - .  t a  r e s u l t s  in  i n c r e a se ) a--a- rc - a -,, ’cj a l i z a t a - . a - t a -  a:a-’a-

1at l c - J a - a - O r  a - p e a - c i a - - a -  - i i  v e r a -  i t-a- ’ (~ l i a-- a - ta r L i , a - r , 19 7 2 )  . E v i d e n c e  sea -a --

a- (aor t a - a - a - - i  L i l a - s  ~yc a - a - a - a - a c’a-iS is m o s t l y of an indirect , con e—
cat a-ye nature; a - a - c e  b .  ~‘ia-- n cj u  t a d  Sutherland (1975) for re—
C r c  t ic,::,) and a a - e r a - c -  d c ’ L a c a - l a - d  s a - c  a ;a - r ’ ;  of these a - y~a-ot i c L ’s e s .

F i r .  1 ( f r - a - a - a -  13. clc ,a - ii ’ 4c- and Sut ia -a- ’rl ,ara - ;I 1975 ,’ sugges t s
, c - ’ c w L I a - e s e s  h’~’~a O t I a a - ’ a - e S  t a - D ay be combined i nt a -  a s imp le  model

a- a - a - a - - c a - ,  r c a - c - n a - a - t i e s  ta - a - c at a a - c - a r a a - n t  c o n t r a d i c t i o n s  between theta -a-.
T a t , ;  b a s ic  ~~~~~~~~ of the model ~a-re t h a t  w i th i n  a c om mu n i t ’ ,’ ,
(1) c a a - e a a e t a -  a- ion r e g u l a te s  species  r , u r r . L - ’ t  a - n  a guild only

a- a - o n  r a . c - -  a - - a--a c-La -a-ru of t h a t  guild actually cotta-pete , i.e. a - c - a L -t i
f h c -”; ti re a -t on  n~a-ur carr ac -ing ca-a~~ca - c i t - y  ( K ) .  T h i s  is usual]’;
t r’~a- a L re l a t i ve l y  a- i ~ a-~a ea - - trop ha - c la- ;els i c ci c a -au s e  of t a - . c a-
ata - sera - ‘e of o~ cc - i

, 
a - ” a - r a - t r cj  H i a - a - c  f a a -- n - c r : ;  te. ‘a-j . ~c - r o -h c a t i o n ;  Fi

a- a~~. On L . a - - c -  o t . c - - r  hand , 2 )  t - - i , c - t i o n  regal c t e s  the na - ,a - -~a er
of  -a r e c i e s  p r e s e n t  in  g u i l a - I s  of - a )  t rc a-~~h i c  s t a t u s  (Fig. it).
- -a- a- a-a - - - a -a-n cc-c- a--c a - , u n i  ties and a- c - r ’-tween habci ta-its , -:ccaanpa-’tition shoula -a
be celati’c- 1’,’ ; ra -. i r a - p e r  a- a -nt t i c c i a p r e d a t i o n  as an o v e r a ll ,
a- r c , a r a - i s i ’  a- ~a c t a - n  in cor run un i t i c c- s w i t h  few t rop h i c  levels
( F i g .  In - . F-ir a- c- a - r , because p r e d a t o r s  seea - aa - less cc-a- i able
of de-ca lirag a--i i:a -h environmental harshness than do their prey
(Cor nell , 1971) , such trophically simp le communities should
occur in :.a-,;sicall’z ri’~orous environments. Ira more ac-dc --rate
p i a -y s i c a i  e n v i r a -a -n m e n t s , species  of hi gher t r o~a- i a - i c  s t a t u s  can
persist an -i  p r e d a ti  ía- should become relatively more impor—

• t a n t  as  an  overall a- ’r .ianizincj factor (Fig. lb)
An important qualification to this model clarifies an

i t a -~~a- a-rent contradiction. In some systems with comp lex
a - n  t ih i c  - - a ’- ; - a -n i z a t i o n , the  species provid ing most of the
vi a- cc - al l y a-a-bv tous communit y structure are of low troph ic
st afr’ a s (a Lunt s such as trees , kelp, other macroa la--rae).
I- ’ carther , in many systems p lants probably compete for space
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Troph ic Comp Ie~c t y

Fig. 1. Qualitative model of the relative w itrai n- a -’oa -c-,cc:unit v
(A) and between-conimunit2 and habitat (B) import ana-e of
interspecific c~ompetition and r a - r ea - La t i ta -ta- in a-;rqunizing cc -na -—
muniti es. The relationshi ps a - r e  linear for acconvena-ence c - ir a - a - I
are not intended to convey any p a rticul a r a-~ u -antit ative re-
l a t i o n s h ip. Suggested ;a-ositions of communities discusseh
in the text are: A — A’ , New hrt -a-Tl and exposed t ac - j a - r a c t o a c - t e c
areas; B — B’ , Pacific ~c- a- rt ha -cus t coast ca-a-posed to protoc tea-i
areas. C indicat c-s t tie region which communities of g rea t
tr a -p :c ic comp l e x i ty  a re  h y p o t h e s i z e d  to o c c ur - I .  These  mi g h t
include a- c-a - .e coral reef communities , kel p forests in t he

a- Pacific hta-rthwest ca -nd s o u t h e r n  C a l i f o r n i a , the subti-hal
community in  Mc~V1urdo Sound , A n t a r c t i c a , deep-sea communi—
ties , etc .
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and lig ht u n d e r  n a t t a - t  c i  cc-n a-lit l a - i a n ; . -), a aa - a - -Lf a - - lv sia , t b a -  di’i ’;t
sito ot  t h e a - c -.’ p l u a t s  , a - i a - t t h u s  ci major punt of t h e  o i j a ; ’ ; r v - - - i
c a - c - t a - i a - a - c -a - i a - i t -,’ - t r a - a c t a - a r a - ’  al a ’ ; s t i l l  ia - c - a - a-an i a - a - c r c - a - a c i n g  f ; a a - , c t i c , r i  of
~- r ’ a I i t  a - a - a - n  i a - i a - a - t a - s  i t y  on ~ca va - a - n ila -’ a- t ,i - ;es (e.g. C c a - t a n c - - I 1 , 1971 ,
Janzen , I ’  a- 0 ) .  ‘l’ l c c i t  i s , t i c - ’  - ,a - a - a - c ; l t  ~- h i a n t a - a -  in  t l c a - - a - a - ’ _’ a a ’ a- ’s t c c j i l S
Ira - a- c,- ra - - p r c c a - -;en t  tho a- ;c-’ t h ,~ t i a - , a - v -~- “ a - a - - a - - a r c - a - a -” p r e d i a - - i - ( and
o t h e r  sourceca- c a-f ia - ac - cr t a l i t  y ) ( c - ’ U l a r c c  ‘1 1 , 197 5b)  . IA-c - a -c- -  i a - c c - a - t a  a- -ca l
evi a - i c -- t a - c -_ c- - from al l  t he  sys L a - -a - ca - c - aaientionecj ;a-bo’- , ’ c a  s- a - :  - p a - a - a’ t s iiia-a-a-
in t er , r e t at i o n  ( C o a ; t ; a - - i l , i ’ a 7  1; D ay t o n , 1975a ,l~; J . Ma - a a - -~~- ,
1 175).

P r o - c - I  L a - c t  tons of t a - a - a -’ ‘a - I ,  -

‘1’ a - ara - -~ key la- a ~-d a - c r  L a - a - a - a - S  01 t h i s  a - c a - c - d e l  i irc _ t h a t , a l o n g
c-J r.1c- i i c t i t s  of c - ha -’c,’ r c a s j a - a - ’ a -  e r a - v  ir o n a t i en t a - a l r i gor , (1) ~a-r ca -a-Lcition
s a a o a - a l d  be i n a - ’r a - - , , c i  nag  ly im p o r t a n t  in - a - r a -j a n i z i n a - ;  c o m m u n i t i e s ,
( 2 )  ~a - n  c- - h a- tor a- -f i c - c t  iveness sic -a - a -u i increase , ,,nd (3) a- a-thin
a t a - c a - ’, r !  icu Ia-a r ca- a - a - a - a - a a - a - a - nI h’, , ta (a - a - a - ’ ‘a - a - a - a’ c - a - a -n of a)ja-~ ‘iea- cc-c- a-: a- a- ; t i n y
in  t h c -~ t - ~a- t r a c a - 1a - i a - a - c -’ I ca v e l  a - a l c o u l d  la -a- ; pr  a - a - c a - t i n i ly a f un c t  a - a - n a  of

a- - c-na -p et a- ta - c - ta - L a - c a - -  ‘ ‘ a  1 of - a ‘ a - e r ; a c - ’t a I i — r  a - i a o u l d  r c - c s u  i t  in  seine
sort a-a -f n a - a --ha - ’ ‘;a-a-~ ’ ir a - s m a - a - ia- a- t i c-c n a - - a - c a - - a  a n i n g  c o m p e t i t o r s .

Prediction 1. P r - c ; - I  ,t ion should be I t a - c r c -c -c - a - s i n gly i a - a - p c - r i  c a - a - t i f l
o r g a n i z  a - a - , g communities al ’ - a - a - ;  yr ta-lients of aiec’reasing ofl
vi rot c--c -can ta- a-ca l rigor.

I ( a - c a v e  t e s t e d  this (i-Ic-Ut ,,, SIS at afl-c-a- s located along a
g r a d i e n t  of ex p o ; a c i r c - ’  to i t ~ - r c a c a a - a - i n g  w a -a ve  s hc - c k  in  N c - a -
EngLand (B. M en -a - a - a -, l”76; B. “ha - i a - - a - - a  a- a- nd S u t a - a - a - - r l a n d, 1 27 5 ) ,  an
a- a- a - .rc - c c -plc of which ía -- g iven in Fig. 2. This fi gure ( 1)  sum-
marizes major fe -a-tunes of ca - -r c a-ta -unity structure at typ ical
expose) and p r - c a - c --a  a- c-~ a- r a - a - c ky mid intertidal areas in New
Eng laca-i, a-ui (2) a- ;ivca -a--a- a-’a- ’~ - i c a l  r a-sults of p reda tor  e x c l u s i o n
ex p e r im e n t s  at  a - a - a - c l-a- n a - - a s .  C I a-c ’ c - a r l y ,  predation by t h e  ia-a- a--
tar - pod Tc~ - a ’  - L c - a - ’ l ! c ’ a -  i a - c a -s no influence at exposed areas
while at prote a-atea-i ii ‘- ;a- s i i-, is t ee  f a c t o r  p r e v e n t i n g  t h e
dominant compa-’ti, t a a - i’ f or  S i c - a - cu, tIa -e mussel Ii , - t -‘ l a - a iia- 7

front monopolL’ing primary space (Fig. 2). Moreover , w h e n
(c -na -a-dater:- ; a r c -a  c - a ~a - , ’ 1 c a - - i c  c - I , c- nly two species co—occur  in the mid
intcc’rtid al at ( , ! a a - t - a - t ,’ c - I a rc -- a - s (excluding ephemeral algae),
whi I cca- ap (a-rca-x a - r , a  te ly eight species co—occur in the  presence
of the competitor (Fig. 2). A comparable predation effect
along a grad ia - - n t of c - :•apc a - s-a - rca - to waves has been a-Icca -aia -ente d
on pilings a - a - ta - tl,c COaSt of New Jerse’a-’ by Peterson (l975a ,
personal comm unication) . Combining Ida-c-a --a-c studies -,-,‘ith
earlier ones (D ’a - a’ ta - a - n,l’a 71 , h ail , et a- a;’ ., 1970; Paine , ]91a- 6 ,
1971 , 1974), t he  maintenance of high species richness by
predation has been e x p e r i m e n t a l l y  d e m o n s t r a t e d  in a t  le;a :- a - t

• f i v e  d i s t i n c t  h a b i t a t s .  Moreover , these  st u dj c c c  ( a t  leas t -

I i -  1
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comp et i t i on  

Fig. 2. A summary of the structure and organization of
exposed and protected mid intertidal communities in New
England (from B. Menge 1976). Abundance of space occupiers
is mean percent cover of primary or canopy space . Though
present at exposed areas , Thais have no e f fec t on community
structure (see Table 2). The predator exclusion experi-
ments are examples taken from B. Menge (1976). The predator
and M ’ti 7us exclusion treatment tests the hypothesis that
a-~~~t f l us  outcompetes B a l a n u s  for space when predator s are
absen t. Canopy cover in the pro tected exper imen t is the
mean cover obtained over the same time interval in transects
used to monitor persistence stabi)ity of the community
(Table 3 ) .  Bb = B a l a n u s  b a l a n o i des , Me = ,ac’c c - t i Z u a -’ sc-a- c - i c r ,
Fv = Pu cus  v e s i c u l o a - ? 7 r ’. R i l d e n br a r n d i a  is an encrusting red
al ga.
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t a - , c ’ a - - trifle ones) have been done in p h y s i c a l  e n v i r o n m e n t s
a - i t  a- g u i  t a-c- difterent l e v e l s  of e i a v i r o n i t a e r r t c-t l v a r i a t i o n,
a-t r a- -a-a- a-c- , ~and predictability. The studier on the east coast
a ’t N a - c r t i a -  irtia -- n a c -- ,i , which subjectively seems a less physically
s t ab l e  e n v i r o n m e n t  (e . c - j .  B. M e r c - pc- a - a - a - a - a )  S u t h e r l a n d , 1975 ,
S c - n a - lens , 11 1,8)  a - t a - a -sea-i t h a t  the  i n t e n s i t y  of p reda t ion  ara -d

a - c - a - a- - I  it a- c a - n a -  ‘,a-’ c- - m” . i n v e r s e ly  re la ted t a -a  a-a- c a - c i a  other with pre—
d ,a t i o n  i f l t c ’ i ; c c f t ’,’ i n c r e a s i ng  w i t  1 , i n c r e a s i n g  ph y s i c a l  en—
vcronmc’ nta-aI ca - t a i ,a - l i t v (c -a - .q. B. Menge ,l976; B. Menge and
Sut lienl - i a a i , l’a 7 5a - Peterson ,l975). On the more physically
stab ic - ‘a - ca - st a- -a - a - c - a - a -t , ~c n i a c - l c - i t ’  i a - ca n is the attain structuring agent;
compe tition for space occurs onl y wh en  predators are cx-
cluded re~j ira - Ila - -a-c s of r c ’l a t i v e  physical stability (Dayton ,
1 -’71; Pai,ne , liic 6 , 1974). h ence , as ia -r ea - iicted , the e f f e c t
of ~a - r a - ’ a - I c - i t i o n  on community structure (distribution and
c- a - c - a n - l a n a - - c , - a - i a - a -- - ’ies richness) inc a- a--c - i a - a - cs with a decrease in
environmen t a l  a i c - ; O r .

P r a - ’ , i i c t c i a- , ia - h . Individual predator effectiveness should
increaa --;e along gradients of decreasing environmental ri gor .

This erediction is a-actually a statement of the me—
~a - t n a - i , a - t a -  a - a - f  Prediction 1 and has been suggested before
(Connell , li75b , B. Menge,1976; B. Menge and Sutherland ,
l ’ a -7 5 )  . In New Eng land , T h c z ~a- c is f u n c t i o n a l l y  the onl y mid
intert ia - i a - al p r a - -a - ia -t t ’a -r at most areas (B. Menge, 1976). This
gastropod e r a - -V a - - primaril y on ‘-h - t i t a a - a -  and Ba 7— z ’ c a - , c (B. Menge ,
1976; Fi g. 2), t a -u  a - a -~ a- c-’~ c L c a S providing much of the spatial
s t r u c t u r e  of t i c - ’  r a - a - c - : k ’c- ’ i n te r t i d a l  comirun i ty  ( F i g .  2 )  . To
test the ia -y~a-utlaesis t a - a --a-a t per individual A-h a -a- ,- effectiveness
i r a - - c - n a-c-a- s c-- s w i t i a -  decreasing exposure to waves and decreasing
a-ic-c-siccat ion, I ran a a-cries of field experiments (to be
more fully pub ished c- c (c c ’where) desig ned to prov ide an
‘ index ’ of 7’ ;a -c-~~,a - effectiveness under different conditions
(e.g. exposed vs. pr (a-- t C- -.ted , desiccated vs. moist habitats ,
etc.). Briefl y, tnese experiments yielded data on the
number of mussels (out of twenty per cage per experiment)
eaten ha-- five a- h a - - a -  7; ’ in a cage placed in the mid intertidal
a t a n ex posed po in t  and a protected cove . Ia-t each area
cages were placed in ti ,a - a - h i h  and low mid intertidal reg ion ,
under al gal canopy or not , ia-ear and away from crevices , etc.
There were fo ur rep licates per treatment and each experiment
ran from three to seven days. Size of mussels and “h - a - -‘ a- a-
were kept the same through all experiments. Some results
are given in Table 2. In the lower mid intertidal (first ,
second , and fou,’th columns in Table 2) , high levels of wave
shock reduce the number of mussels eaten by Th a - a -’ a- T , although
the aifference is  not  significant in one of the three

- 
- 

cases. Nc -t a - ’, howev er , that the number of mussels eaten in
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T a b l e  2. P r c - - a - L a t - a  c i t - c - I  i v c - r i c s s  - a - c - i t t  l i i  f c - c r c ’ a a - t
‘ ‘ t a - ’c-’ i a c - t a - l a - a - c a i i t  al conci I 3 i ’ a - a a s

(a -c a - t a - a - t i  ‘/-a - aeca - i I - , - c t a- ‘n I r a -  a-~ - a - , . ; I ty a-

- ‘ - Hig h l u -a- H i a - ’ t a  1 , - -~~~Exposure to (a- c v a - ’ shock -(No a-_r a i a - a - a -~ a - y )  (‘:aaucjt,aa-’) (hhi g ia ( La-a- i ’
c - fl t -,ca -~ in t-a -r—
t ic-a- a-a l t i a - 7 a 1~

ia-xposa - ,’c-l l E a- 145 75 123

P t a - a - t a - c - c a - c - - c - I  65 161 413 183

X 2 (ia - xposc a-l  to P r o t e c te d ) b 8.330 * 0. 4 3

x 2 )  4 . 2 1~~ 17.22”

a- Na -a - :ra - la-u-r in c - a - a - c i a - cell is th e ti ua - c ,la-er of r a - cc j c ; s c a - a l s  eaten a - a - a - a - ca - a - ed
over several ex~a- eria - ;a - ea a - t s (9 ca - a -  a - a - )  and f o u r  c - c a - - a - o s  per  ‘a- :-: —
periment. The first two columns a - a - r u  summed over a - a - a - ne i a - a - -
mid i n t e r t i d a l  e xp e r i m e n t s .  Th e last tw o columns a - n a -  s u m —
r; c ea -.I over  six hi g h — a - a - id l a - a - s — m i d  inter tidal cxpenir’ c-’nt a-a-
La- * = si gnificant at the 5 a - level; **  = significant at ti a - e
1% level.

1 64

i - a - t i n -t a - , B . I I .  1 ) 7 1 ) . 
- 

h I t a r i c - i ’ a - c - t c ’ - a -  c i a - U  I jy a- T a - c - a - c - i -- I O~ t n - c ’



l a - 1 a - ; i a  i c - t a -- n t i a - a - - a l  c- ’aa -J a - ’ a -  ,~, a - s a - n - - t e n  ( a - a c c a - -a - ta - c - an less) - a t  t a - a c ;
C x p a a - a - a - a - -, i  ,a l c  a T a - a - f l  0 t h e  pn~~t c - - c t - - - a -  a l - - a .  ‘I h a i s  . ; - , - i - r ’ c a - -; t s  t a - a - a T
; r t , ’’,’ c ’ t  a- - c - I c - s i c - - i - - a - i  a n  is  c - a - u I c a - a - ’ t a - j j i a -~~~ c a - n t  i n i a - a b i t o r y  t a -  : ‘h a - a - a - :
a h a - n  a- a

_ _
c - s i a - o c k  , p a - a t  t acu ] ,at lv dur i ta -i S a - a ta - ;a - a - , c aa- W l a - a - ta - these  a - - c - —

:)er a - i a a - a -- t a - T s w a - n a - ’  a- a - t a - .  i a - a - - i - i t a - ” ; c - l a -  a-c-_ va - ia- a- ’ ;iesa -a- :,’,atio n also a -’ - —
( a - c c - - - - t a - a - a -  - a - la - a - a - ca- -n - - a -  l a - i a - a -i c - l a - ,  ea~~-: a - a -  a- c - a - c I a -  t h e  - a - a - a i l s  a n a - -  t a - c - a -

a-and a--a- ‘a c a c c o r a - :  or a - a ’ -  i n  t l a - c - -  i a - : - a l a  a - n a - t c -’ r t i - i - a - l ( ‘ I h a - t a - l e  2 ) .
l ’hese r- - su 1 - 

- a - a - u a- c c  - a- c a - - a -  t t :;a - - a - a - f c a - .’ t a - a - e r ic - -  a - -a - ;;  of ~
‘ , a- a-L a- c - a - s  a

p a - a - c  : - a - t a - ar is a ‘ a - a - a t  ion of i - - a - t a - a -  -a -ave shot:k a t a - a - J  desiccation
5r rca -a-. ~ore a - ; c ’ n c - - r a l l y ,  t i c - a - ca- i - a t c - a  a- - a - a - a - t a - a -a - a -n t  t a - a - c - a  l t ; I a - u t~a - a - c~-s i a

ia-a t a a -nc -d ator s ef t a - c t  a - ’ ; c - ’ a - a - a - - a - ;. c is a - c t n u n g l~~’ i n f l u e n c e d  b y
i a - s  p a - a - ’ : a -- i c al  enva - r eia - a - -a - , ’ i a - t

P a ’ a - - d i a -’t ion 3 . The- t a - c - a c -  Lc--r a - 1  species coexisting in the top
ra --p i a - i c level shouLd be a-c--a-i a- c-ted a - c - n  i a - a - t aril y by car~ -et itio n.

Thiia -a- prediction and v a r i o u s  a- - l a t e - I  ones h -ca vr- t a -c ia -n a
f o c a l  po a - n t  of a ~a - r a - a - i g i c - a - a - a - s  c a - c a - c - a - a - n t  of ecolog i ca l  r e s e a r c h
( e . a -j. N c - ’,’,rt a - a - ca - a - -, 117?; ira -a - ac -n c r, 1 9 7 4 ) .  U n f o r t u n a t e ly ,

r - a l - a - a - i v a -l - c, little a- ,- a-~,a- c a _ s r a - a - : c c a - c i r c h  a - - a - s ba -a-en of an e x ; a - ’a - r i —
n a - e r a - t a - i  a - a - v a - r e  (see Connell, l’-)75a ,L , fa- c- r references).
H - a - - a - c r , ira - t h e  roa - -k y i n t e r t i d a l, , a - e ’,’eni a - l  a - a x p a - c - r i m e n t a i
a-a- t~~a- 1ies  L r a - i i r  a t e  t h a t  e u i a - a - ; a - e t i  tion c-n~~a-a-n1zes gu ill s cat the
a - - a - i  t r a -a - -~ a -: a - i c  p o s i t i o n  i a - -a- a communita-’. At t i c --ca - - co a r ea  a-a- i n
. ‘aa- i d a - - a - l a - i a - i  (na-id i:a - L a - -i - f l - I - a l) , in tia - c - c - British Isles and

a --a - c - a - t a - a - u r n  ‘a L i f o r n ia ( h ig h i t a t  c- -i t i d a l )  w h e r e  p n c - ’d a t - a -r s  a r e
n a t u n- a - l i ’ ;  a - a i a - a - o n t  (or ineffective) , t he  ‘top ” t r a - : p h i c  l e v e l
consists of filter feedin a- barnacles and mussels sic -a -cia - ha a-’e
1) C a -a -~ c-- c - l a - er  La - a - ac - a - c - t a - il y  d e m o n s t r a t e d  to c c - a - a - p e t e  f o r  space
(Connell , 1- 1 61 - a - ; (ar c-er, 1172; a-~ M e n g e , 197 6 a- B.  Mcnqc-’ and
Sutherland , l~~76). In ::iore trophically comp lex west coast
rock y interti dal cor” :ccunities , competition has been shown to
c--ca-cur betwoc- n a-wa - - top a-asteroid carnivores (B. 4cnge , 1972n a-
J .  t enge  , a a - ’a a - l B. Nc -a-nge, 1174 ) and may occur 1 a - a - ’ t ’a-c-a -c ’c-n several
species of predaceous -~-caa-trop ods as well (Connell ,l970).
Further , when one a - a - s c - - I - a - l U  (P1, ’ -‘ a - a c e;”) is aa-a- c -u a - - n t  from -a-i
h -ca- ia-itcat, the niche of t- :ae second (a-l a-- a - - : a- - a -  a - -  c” ’ a - a )  expands ,
more p r e y  spe-c l c-a- a- a- an- i  1 - a - n c - a - ar a- ra-c- ’~’ individ c-a-als arc- inc I a-a- l ed
i n  the d i e t , an d i t s  e f f e c t  on c o m m u n i t y  s t c r u - a - : t c - a - r e  seea -ca - s
to i c - e r a - c c - a - c  (:-~a-a- a- - a - -~ a- , l972a ,b ). In central California , Haven
(1973) has i n d i a - r a t c - -d a - c - - a t  t a - a  hi g h intertidal limpets
( a - :  “-‘ -a - c  a- spp.  ) cc -a - a- a - c - a - a - t o  for faa-ca-I. Presumabl y these herbivores
area -a-c-’a-’ t a - a c  “ top ” t n - c - p a - a - i -’ I c-’vcl since invertebrate l ;t -a - -a - a - t c - ns
a-at least are largel y absent from the high intertidal a - t t a - i a
area . These experiments indicate that competition between
these t r a - a -~a - i a i c a l l y  h i -j h species is a ch ron ic  event  and t ia - at
removal of ca competitor tends to result in an expansion a-c - f
the  r c a - - r a i n i n g  c o m p e t i t  a - a - n ’ s niche. How ever , a t h o r c - a - ; a - L
test of this hypot ia-a--sis c- . - a -a - i d also incl a- ac t a - ca -’ c X p e n i i a - c e l a - t a i
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c - a - I - i it i on  0 1  i c - a -  ( a - c t a - t a - a - n a - -. I c - h c  c - I l y, t i c -  T a l c -  c- c- i s w - a - a -  - a - a - n a -
a - i - t i t i a - ’ i t  ‘,-,‘ a c - c - a - l - t  i a - a - c- a - i  5 c a - c ’ t  a - - a -  01 a - a - U t  t a - a c -  c - a - a l - ct oh  s c - e ra - a - a - t a -

- ‘ i ra - a- a - g u i l d  a - a - ;  n e - g a - a - l e t - c - a -  h a - ’ c- a - c c - n t , a - - c - ’ a  a- i c - n a -  u r  c a - a -  a - a ’  a c - t i a - e r  f a ctor.
U n t H a - n i c a - c - , a a - ,-~~ ’ , a - a - a - a -’l a-  e x ( c n a - i - a - a ’ a ; t s  a r c - -  c - t a - a - I  a - - ’ ’ a - l t to  p e r t  a - t n ;

- f a - a - r t i a - a - ’ r, a-i t a - a - i l - a - a - -c - of a -an t t a t . n - - - [ a - a - a - c a -. - a  c - a - - c - a - i cc- to p ’ - rs a - a - a - t : a - a y
t a - c  due to f a a --t or e  c - t i t e r  c a- a - t a- -aa-~r c~~c - a - a - t a - ta - a - a - a - a -  t E a - - i a - i a -, l a - i l ;  J .

c-nd B.  ~- 1 a - - a - t -~e , l ) 7 4 ~ , a - t a - c - I  I r - a - l y  c r i a - a - ,’ a - l  t est , ;  of t i a - a s
ii- y~a-ca-the sis a - i a - a c - ’  not i a - a - ’  (a -c-i a-a- a- - a- iD l e

To summer  i a - a -  , t i a a - a -  cv idc ’n a-c e ‘ a - ,‘~a a- l a - a l ,  ic-a a - a - c -~ a- r a - a - r  t a - - a- t h e
a - c c -c- c i a - a - I .  As S a - a - - r a ; c -a -a -a - t  I b ’’ F’ a - - i .  1_a , 1_ i c - a -  a - a - r - t - i a - a - i z ; a t i a f l  oi . ;u ilds

! 

r c a - a - ( a -- ’ i n g  “ top ” t a - a c - i a - i C i~c - a - a - a- t i ons i n  a-a ‘-a - a - a - n a - a - a - n a - t a - , a - a - ac - ’ t i , car
- a- , c - c a -” ; a- a -r e  pr i ; a - a - a r y  p r o d u c c,a - r a -  c- su sp ensl ’;- n — f c - c A - a - a - r c ;  , a - a - a - c -c i a - i a - c - c r - ac-

c - c - a -’ a a-rnlvores, a - a - a -  strong ly in f1ua -ar a-ca -~’a-I h- c,- c o a -a a - p e t i t  i c -~- a - c - .  ‘l a-c
‘ - a n a - ; , a a - a - i z a t l o n  of qu a- la-is ‘a - a - a - ca - a - a - a - ring “l ow ” ta ’c - ca -~a -hic posit ) a- a - i -a - s

[e.g. the herbivores ,a-nd c c - u a - . r a - a - a - n s a - o n  f ued e r s  p r e y e d  u~a - a - ra -  La -y
P A-- a-a- - a - c - a - ’  and t a - v - a - - a - a - a t ,  a - a -’ a - , ’ - ri t h e  w a -a - a - s t coc -a-t of Nc rta -a-

‘-‘a- ~ a - c - a - cr a- ca  ( D a y t o n - a , 1)7 1; B. -I e i a - a - a - a - :, 197 .ba-a- Paine , 11)74 ) or (a- ’y the
s t a r f i s h  a - la - I - a - c - c - -  i n  A u s t r a l i a  ( P a i r a - e , 1 ’~~7 L ) [  i a - a -  a - I - . ta-c-r
mined ba-a-- ra-rcdc-tion. Further , as  s u g g e s t ed  i - y  F ’ig. ib ,
c-a-ye-a-a- a-ill community struct a-a-n , is a function of ca - a - a - c a -~ ctition
a-t a -en cominunitias are trop liicail-cy a - i r a - p lc (e.g. exposed
c- a-ota - :ra-c-ira-ities on th e east coast) and of pr ec-i c - i t i o n  whoa -c- com-
munities are trophically comp lex (e.g. most -se-st coast
communities). To iltustra t c - a - these points rc a-a -n e clearl y ari a-i
to sugges t  e x t e n s i o n  of t (a - c - ’ a - a - a - to ac-a-ia-er less ‘a-e l i — k r a - a - a c- a -r a-
s y s t ems , I have  i r a - a l t e c - a - t e d  r c a - a - i o n s  on the ra-oa- [c--l a long  wr i c i c-
various systems ia-a-ar a - a - r p t a - t h e t i c a i l y  occur (Fig. lb). I
sia - a - c -u ld  e m p h a s i z e , ia - o --- Ia - - - c a - c - - r, t a - a - c - f  a -cey f e c a - t u r e  of the a - a - a -a-dc -i
is the tro p a-a-ic comp lexity of t a - c - a - -a- a - a - a - a - a - a - a - u n i t y .  T h u s , ta -a-a-a-p hi—
ca l ty  Si a-’a- j a- la- e t r o p i c a l  s y s t e ms  suca- ; a-is t he  “ cry pt i c ” cot:—
n a -u n i t i e s  s tud ied  bc-a- Jackson a-rc a - I i— a - a - a - c ( 1 9 7 5 )  , a - a - a -cay ‘sell occur
toward the left era-c-i of Fig. lb w h il e  a-t : a-a -- 1a - i a - l c a l t -.- comp lex
polar systems like- the subt ii -a- 1 Sc . ; r ; - ; a - - — a - l o a - c 1 a n c - t c - c - J  communities
ira t i c-c  A n t c - r c t i~ ( Da-a-- ,’ t c c - - a - a -, a - a - a -  — I .  , 1 97- 1 ) c-a - ta - a - a - : -  occur a- c-a -c-a-a -arc -
t h e  r i g h t  a - a - a - a - i  of Fi g .  I I - .

P E R SI s T  LA-a-CE a-’a - ND A D J c - a - i —  ~-l [-1 :c-A-; ST’Aa-a-ILITY IN THE ROCKY INVilRTII a-A -,

The u n d e r s t a n d i ng  of community stability in -different
( a - a - l a - i  t a - i t s  has been t r a d i t i o na l  l a - - a - c - a ; ;  a - s - c a -  -a - - i by (1) a - a -c a - ca- a - a - t a - t i c

— confusion over the meani n a- a- s a - f  ~~~ tea - - a - ca “ s t c - L i l c t v ’ and
-

- (2 )  a lack of good quantitative informa t ion on the a- c— i - c a- ri c a -—
menon i t s e l f .  Ecolog i st s  la -ave  recac ’ a a - tc l y b a -g u n  to onopra-le
w i t h  bo th  a - a - f  t i’a - c - s e  p ro b lca - :- a- a - a- , ‘a - i a - i a -  t a - t a - c. - i r a - a - a - a - a - c d i a t e  r e s u lt  t h c - a t
t he  a - - a - c i a - l e n  seems a - a - o r e  c o n f c - a -a- a- ’_ ’d a - i l _ _ a n  a - a v e r .  N a - c - c a - t h e - l e a - a -s
some l a - a - a - p o r t a n t  a d van c e a -- a- in a - a - j r  - a - n d e r s t a n a - c - I i r i c - ;  of  s t a L a - l i t - c ;  

e i - c a - c - a - a - i  m a d e .  S ev c a -r ,  a - i  - a - u t  ( c - n a - c  ha-cave a - c c - a - a - Ir a - - s I a- ’ , 1 t ( a - c -  t cc - c a - a - c —
a - a a - c , n j t ’, ’ s tab i l i t y  ia -c n c - - a -  r i t z - a - i  a - - -  i a - a v e  t a--a- - com~a-oa -’ -na - ca :

I c - I
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t c crSic -cora - a- a-a-’ s t a - i i i lit :’ (rc - ~a - c r ; a - i s t a -’ a - a - - : u  - a- a - t a - a - a - a - a - l i t -a - )  - i t a - a -  c - a t —
j u e tmen t  a - a - t c - a - L a - I i t v  (a--a- r - ‘s a L a - c a - i  a - a - c elastici ty) IDa - flin g,
laD 3 , 4 - a - n c - t a Lc- f , j ’ I c  a- ; I c - I c - a - a - , L a - l i .  P a - a - I  ca - i. s t c a - a - a - a - a -ca- is  g a - - a - a - c r c - a l l y
dc l~~ a - c - -  be tine de c-~~r c - c  I - w a - a - c -  cIa - c - a  s y st e i a a -  v a - n c - a --a- a r c a - c a r a c -  a - a - - a - a - a - c a - -
a- a - a r t  of na-ca-a-n v ,aluc oven a - a - ia - a - a - c - a -, w t a - i  le ad justttient sta- a - l c - i i i  ty  is
a - t a - -na -c- rall y a- a- a- a - a - a - a - ta-c- c-a- a - a - a - u re lat i v a -  a-a- I., a - lit 1— of a -ci i a - a - f  c - a - n t~ c :a -i
ac - a -r t i n ; a - a - a - a - a - l t y  to ret a - a - rr; to s- a - ha - c Ia-re— a- !iaa - t u tta - c - a - nce a - a - t a - t a - -  U-la -a -n ’lal e (
l a - i ,  c-i ) . ‘l’ t a i s  u a - a - , a -a - a - ’  a - a - .  cj a i  c - i c - a - ;  a - a - a - c r e a s e d  ~a-i~a- a - a - 1 a r c - t y  a a - a - a - t a - r a - c -.~
f i eld w o r k u r a -- a- (ca - .g . ( l a - a r - ‘ - a - a - a - a - -- k - - i f , l a - 7 5 ;  P c - t c - ’ r c --u t a - , l’97 5 b a -
Sut a - a - a - ’r (and, 1974) c - a - a - a - c -. a - a - i l, a - c - - c -  f o t l a - w a - a - - :  c - a - c a -r ca-a- .

Ia ma-I ) a - ’  r a-j la - a - l.a-a I pa c- ta-’ n t ;  o’. a - a - p ’a - c - a -  n c - c -  r a-t a - a - c c - t a - a - a - cc - a - a -  a- t y  t a - e ’ l a a - v i o r
-‘ a - ,  i c i a -  a - ca - I  a - a -a-  t a - a - a - a -  n e a r — a - - n a - a -c a - i  I n c - c - c e n t  of the  ida - a - a  t a - a -  t cOna-

a - c c u n i t c c - ’  i j a -’,c - a - ’ a - t a- or l ’ a - a - ’ c -~~~~Y be g-c t ;  S c - a - a - a - a -i lit a- a - a - t a - a - a t
trot; ( c a - a - i  - ‘a - c - a -a - a - a - t a - a - ta - i a- a - ca - i a - c  a rc  na -or e  s c - a - a - - I c  (p e r s i a -  t e a - a t )  t a - a - a - ia-’;
t a - a - a - a - a - p c - n a t e  ones (e.g. Li La - c -a - a -, ivitS) . Th i s  c-a-c -ca Ia - a t-a- al- c - n y c - c a - a - a - - a - a - a -n
va - c - a - a - a - u a - i a - a - a -  a - L a - c 1_ a -a-a- i a- a - i St T a - b c- - a-come e c o l a - c - ; i s t a - a - a -  a-a-nd t i c - a - c -  c i a - c c - c - r I ’
( c - c a - ,  a - n a-i it ,  has nc-ca --nt 11’ Dcc l i  c - - c - a - a - a - a - c i a - c - c - -al in d e v a s t a - a - t i r c - r  a - i e a - . a -  a- l
a-a-1 ’ M a - c- - (l’ c73 ) . I, a ’ a - a -’ r e r a - a- v a - a - - c - ’  of global variations in
comrnuni t’ - a-’, ’ r a - , a - a - ’ a - a - c r  is t a - a - c a t t r op i c al  c o m m u n i t i e s  a -ee r a -  to
possess c - - a-r e-a- p e r s i a - a - t a -rice ( i . e .  to change little In .  “ appear—
c - a - a - c a - -” or relaa-ive a c - c - n a - c - a - - a - n a -c-c- of most  spec ies)  bu t  less ad—
j a - ;t.ta-acn t sa- i a - L i l L y  t a - a - i ra - -c- cc - t ca ra -a - ;a- era t e or polar communities
( e .g .  F r c - r a E, 19 6 8 a -  F u t c - a r a - c a - a -, 1 9 7 3 a -  H o l l i n q , l’a - 7 3 ) .  l ie  use

1, -a - w - ’ : a - ;  a - a - a -’ S ( 196 1)  t e r r a - i r a - a - a - c - l o g -c- ’ , t r . a - a - [ a i e a l  a - ;vs t e ’i ;a - s  possess
c - c - re  ( a -  a a - l u- n n e i - r a - a - a - ; o r a - a - u a - a - a - ;  s c-a - a - a - Ia- a- L i t  b u t  less c - a l - a - a - a - a - a -i

s t - a - n t i i  a - a - ’  t I a - a n  a - Ia - c -  t a - c a - a - 1 c~ ’ t . 1 t a - ’  c- c - r  r a - o l a r  s y a - c - t c c - m a - , .
‘h’ ca- t a-a-a - a -  t tca - eSa - a - a - v 1 a -  a- a - c - c - e s, c-na- a - ; a - ,,a - a- t a- I ) n t c a - ; a a - ; a - a -r a-- t a - a-

p e a - c a - s t - a - n e c  a - t~a - a -a - t i i a - ’  of a-’,’ a- a ca-c a- s. ir i c - a - a - c a - l i  t ie s  d i f fe r ing  in
Stc-IJ I I~ t a -  of ta - c - ca - p h : ’ s ;c c - a -  -a- r ;v~~r onn a - a - en t , a- a- a-a- H (2) a - a - c a - - -na - -a - a - a - a -  the
c-a-i c- .1 _ a- na - a - st  ta - a - a- I a t  a-es c-a -i ta - a - cc - a - c - a - - s t  c - a - a - a - a - a -  a-a-y s-a- .1-jeca- a - n a - ’ t rier
a - a - pert . c - c - rh c -a - a - t  c- on a - n a - l : ’ s a - c - .  in soa-a-a- a - - - a - c - a - a - -  a-v 15 a - a -  a - a - z i n c - a -  t a - c -  a-~~.
n e a - t i a - e r  ol a - I a - c a - a - a - - a - ’  ;-r a - : , l c ’ a - - a--, c - - a - a - a -  i t ’. : ’ a - ca - a --c- t a - c a - a c t ,  ,a -t  a-en_ ion - a - a . —
a - i  a- a-- c r -  rca-a--a-- n a - a - i v  ( a - c . a- ; .  h j u r c  , a-a- c . , 1 97 1  a- Ha -c- a- a- a - a - a - i c - i  5 ,- I
1i t7 5 ;  P~~a - a -’ a- s c - a - a - ,, 197H: c -~ : ; u t a - c - e r a - , a - n c - a -, a - 9 7 4

P e r s i s  t a - a - t a - C a - a -  i t a -~~a - i  L i t:- a - t a -  t h e  N c - - c--, E ra - a - La - a - na - Rock y in ta-c-rt i a - a - a - li

Jan e  I-l e a-a a-a -ca - an, ;  l have  l . a - a - a -a- s ’a- a- , ‘ a- ;, a- ; c - c r s  - a - - n c e c - a - a - ca -
: a - d j c - .a - t c  cr a - t s t . a - I a - . I i t ’ ’  a t  a r ’ ’a s  of c I l f f a -_’!’ e ra ’ ‘a -a -c - Va- - a - a - a - -a -a c - S . c - a - u
I r a -  the \- -

~~ Eng la n d nc -eL - - i n - ’a - c - r t j a - a j  a - o r  a - a -a- ;  t O  f a - a-; a- v a - a - a r c
a-~ c -c -n a -c  a- r - a - a - s .  To meal - a-a-nc- ~a-ca -’ r ’a-; i c - t ( D f l C a -’ a - t a - a - a - u t - 

, ‘a- c- a - a - a c c.
run ia - r a - ar ,.a - c a-cts , a-ics cr ia - - c -i rc-care f u l l y  e l s a - w a - a - c r c  1, 1.
i a - 7 5 ;  B. M a - a - nqe , l a -a - 7 ( 3 j , a t  thrc- e j ’ c - t ’ ’ a - ’t a - t a - :  l a - ve in ( i a - i c - a - c, 

a- , a-a- a-a- a- L . a -c c -s inter’,,i -aal I , at sea-’cr~i I, a - r c a - a -a- -; . Tr i e s ,,; t r c - a - a -
Cc c a- ~~~~ a- a- a- c - a - s t l i ; a - c - a -t e s  ca -f  l t e r C c - a - a - a -t cover  Ca -I a l l  - a - a - - i - - -  oc c u —
~a- y i n g  species  and of a - a i a - a - a - r a - a - , a - n c e s  ot all a - a - a - c - a - n ile -p c  ‘ l c a - S .  I ra - a - : --
These i a - a - a - c a -, r e l a t i v e  abundances , a - a - p e a - a - a - e s  r i c h ; n c a - c a -- , and
ot her  is~ a - a - a - a - a - c t s  of coma-ia-unity structc - a - r a - c - can a - a - a -  usa - ia - ’, ,t cc-i -

a - c - an y in  our work -a-c s u b j e c t  ive].y ju r i q a - ’ - a -  t I a - a - -  pta - c - s i a - a - a - a - i

1I c - 7
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a- ‘ a--,

- env i n c - c - t a - i a - a - c o a t  at c - a - -a -I c - a - c a - - a - I  a - ca, a - c ll, a - nd s t a - be a - c - a -  a - n c .  ri-c - crc - a - a - s1 a - c - a r —

t i c a - a l a r l y w r t h  a - a - -a - p a - a - i l  t a - ,  ‘a - c - a - v a shock , c- - a - - a - a - ,  rock y areas a - a - ,
coves and other la-- a - -c - c -- c - a - rd - a - a - c - -c s .  ‘F l a t s  c - a - a - t a r n .  I , , a - a -  (a - a-- c - c -  i - a - - a - n -

a- titied and coa - a - I a - na - a - a - c - i usia -ig a - i c c- loss ra - a - , ’  of a - - a - I a - a - a - r i t a - a - a - - a - c  1
‘ a - a - g a - a -S a-at c - call a - a - r c a - a -s (B. M a - a c - - a - - c- , L , i ( a - )

T a - a - t a lc - 3 s i .u ’ ,v c - ; -, tca - V c c -r a L  pn cl ia - c - a -  c - a - a - r y  a - a - a - a - c -- a - a - c a - r c a - a -  O L  a - ,  a - —
s i s t ence  s t a - a - t a i l i t .v ( - c c - a - a - i  - a - c - a - a -’ :a -u rc -’ ’ ’ a - a - t  c ( a - a n a - c - ’ / . a- a - , t - - i r a -  c , - ’r- a -en t

a. cover , a v a - a - n a - a - c - ; a -a- a - c - ia - a - n th l’ a - variance Ira pa--rccnt - ‘ c~~’ a - ’ ’ , a- V etcc a - c-

, 

v . a ni a n c e/ r n ean  pc-a-n a - a - c -a - a - a - cover) a -at - a - t a - expc -- cc ’’c - a - -ar - - a , a- p r c . —
- ta-acted area-a a - a - a - a - a - I  a-n a - rca - a of i n t a - c r m e d i a t c a  a - - c - a - c - a - a - s u r e .  i n

a- ja - a- r; - ca -a-’c - a - l ,  the a - a - c - p c - c - a - ca - i  a - a r ea  h a s  tic-c l e a - a - S t  aa- r ’a -is c i a - c - a - a - ,
c-a - t c - a - a - i l itc - ’, t ia - a - a - u gh t a - i a - u  correlation is n c - i a -  p e r f c  - a - a  .

c - cc - a - a - a - c - ic, ave rage  m o n t h l y v a r i a n c e  Is a - ;rc - - atcan ‘at t a -ia - c i n t e r —
- a - r a - e a - l L a - a - t e  , a r e a - a -  t a - a - a n  , a - t  t h e  a - a - c - a - a - u s e d  a r e a s  ( ‘l ’ - . a - i . , L e  3) . i- ’ .a-rt a - a - c .a-r ,

— the intcni a- c-- a-liatc and protected areas -a - re a-’c.a-n’; simi ic - a r a- i a - a - a -
a-a-i~c a- a- c -a - a - n change pa -a- c m o n t h  in pcr cc -a-ta-t cover is ca - a - a - ta - a -~a - ara - a - c - ( . SuE—

j e c t  a - v e ly ,  t a -- a-c d i f f a - - n a - a - t a - c a - ’  a - n  p e r s i s t e n c ca -  S t - a l a - i  i i  t c - s
s a - r ’ . t a - c - r l v  cot  r e l at e d  to ‘a - ; a - ’’ct - a - ’a - c - c, c ilt rcc- . That a - a -a - c - s  - a - u ”—
r eL at i o n  is not so clearly apparent in the data a-ca - pra-c--
babl y due t a -.a- v e ry  - a -- ac - c - c -n a-a- sterns preventing us from ca-ati a-pling
sonic a r e a s , cs~c c - a -. c ia l ly  t a - a - c - a-xposed one , c-it strictly reg-a-a-lc -car
t’a-ca- — ’ca - c -ra -fh a - n r a -a-a- a- - a - a - a - Is. Of t i -a - c me at -a -c - a - r c a -  in  iv a -bla - ’  3 , i .r c - i a - a b l v
the a-c-a-st -a-re those i.c-a a - a - a - - a - i on a - i a - c  v - ar i c - a -a c e/ r i c a n  a-- c -a -t b s ince
a-a -a-c-a-n a - I - c - a - a-d ance or th e  most c - a - a - c - a c - ia - a - c c -n s a - a - a - l a-- S a - a - a n  v a ry  so ‘a-ia-tell’
a-at a n y  particular tia -n e. Nc - a - t a - a - ~a- a-a -rticu lar iy that the a-a-c -a-t a-a-n/

I 
v a r i a n c e  r a t  a - o a-cc- f t u e  c - lc - a - a - a ia - n a nt (in ta - ’ra - ’ ;s of b i o m a s s)

. 
. species a-s a- a- a- c- st ,a-~~st a -a - l c- ic at the exposed a-area 1 . - I t - L i - c c  -

.
-

- 
Pcra -cc-ca qutd Pc-ia -at , sa-’ h = 13), is intermediate at the ira~ cs r—

j  mediate area (c -a- , - ,,; a- ’ca -- a - l a - , i c - a - c - i c -; a t  G r i n d s t o n e  N- -cL , s /x =

6.6) and is lc-~aSt  uns ta -ata-le at ta - c - c - c - ~a - r c -.c a - c- .a-a-ted ar c-a- a-i (‘a- . -

f-c -h l ta-a-’a- n a - a - , i o ,a - c - ” c  c a t  Canoe Beach COVe , ,v’a--~ = 3.5). Since
tcaese a-a-rc -ca cie s a-a-re - a - a - a - a - o n -a-a t i e  mesa - visible features of corn—

~ ca-a - u n i t y  a--c- t rc - a - ct a -,a-rc , the close correla c-, a - c r c -  ba-cc-t’a-ea-a ra the ir per-
sistence st abilit y c - a - c - c - i ‘a-a- - a - - c a -c a-ca-c-la-c-sure prob a-a-bly accounts f-cc r
t i a - e ’  s t r o n g  su a- a -~~ec t i v e  c o r r e l a ti o n  - c - a - - a - c a - t a -  p e r s i a - t a - t a - a - a - c  a nd
p hys ica l  s t a L a- l i t y  c--c-a--- t c - -i a - l a - c - a - y e .

In a-;eneral then , the ia- ’, a-a-,;t stc-i. ie a-’ 1;ecc si - -a - t e n t )  corn—
c-t a - mu ra-ities seem to occur c- a - c - the most a-t a - a - le ta - ’a-a-vi ronm enta - .
t No te , a-c-a -’,-;cca - v - cc -r , that l~ersistence st abiia -ty -ca t the population

l e ve l  is somet l r t c- a - s  u n c o r r e l a t c - a - a - i  ‘,- i i t i a -  p la -ys ic a -al staLl lity

I (e.g. i-,’ a- ~ ii c - a - , ,a-, a- ,a- c- , Tala-ic- 3) . T h i s  p a t t a - - r n  - c a - a -  I a - eta - n o t - -i
ira o t t a - c a -a-c sc- sterns (e.g. Peterson , it75b) c-a-c-a-I sc - a - a - a -c-jests t h a t

$ 

a cia-a-ar c - a - a -’a-a-ia-a-rstanding of basic g l o b a l  paLterns of per-
sistence stability awai tca- f u r t h er ’ s t u d y .

Adjus tc -a -a- ’oa -t St c - a -b il i ta - - in the New Eng land Rocky Intert i- a- al

Adjustment stabi lit -, in Nc-a- Eng land rocky inta -c ’nti da i
- a - a - c -’a- i ccra- a- ’J n i t i es  is  icing studi’.a-a -a by examining the rate of
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- _ _ _ _ _ _ _ _  
--a-- - ‘  - ‘ ‘a--a- - =,‘ “—----- , ----a-.-—

(‘c - a - la -l a - c - i 3. I-la- a- a - a-- a - a - a - a - a’S 01 1a-a -’ n a - a - a - st , -an ca-- .a - t c - a - l .a - i l i t y  a - a - a -  ‘ ‘a- ’ b a - a - g l a - t a-d
a- a - i c k y  intert i a - a - - a - i  c c - a - a - a - a - a - a - a - a - t a -  a tics.

c - a - c a - - a
Lea-a-el of

M a- a-a- s c - a - n a -’ B i o l o g i c al  Ic -e ln aa -cju ia - i Grindstone Canoe
a- ) a -’a - r c - a - f l j c - ;,c-c-t ion Point Sock Beach

(e ;-:;a- cc - :a -a - - -J ) ( I ~~~
a- or t a - a - c ’ — Cove
d ia tca ) ( p n a - c c -  t - -a-ct—

ed)

Ma - a - a - c - ch ange per Community 3 . c - l . a- - 2.~~±l.0 2.3~~0.3

a - a - a - - a - - r i ta - a -  in  moan ( a - -  a- pu la a- a- a - cc - a - i
rj,a-ra -’,-aflt c-a-over ‘ - , - ,, - - -- a - a :  c- - a - a - a - a - a - , ;  - a .  a - f 2 .  1 0 . 3 ± 1 . 1  a - .  a - a - t O .  a-a-

. t a- c - t a -’ a - a - a -  4.8±1.2 2 .h!L).6 , c .L t O . 6

fuc a-.a- a- c- l l . 0~~Q . 3  ~ .5±0.6 2.7±0.6

free Space 5.3±i .0 4 .5±1 .4 4 .L±0.9

‘ c - a - a - a - t a - a - l a - ’  Communi ty  3 4 6 . 1  4 l 5 . z  19 3 . 3

a - - ari a - nc - a - u (n = 10 Population

- t a - c - a - m a t s/m o n t h )  a-c-’ . ,‘L c a - a - c a - a -  351.9 1 . 4  1 5 . 9

“a- I - a - ’  662.8 581.9 185.0

f a - a - c c - - i a - l  6~~.4 530.2 294.7

free a-i a-a - ce 30,!.], 547.1 277.7

M ain variance/mean Community 15.3 a-a .9 8.4

( 5  - x i  Population

B ai a - c -- a - a 13.4 1.0 3.8

I

a - a - La - c - a - 13.0 22.1 23.5

fucoid 11.5 6.6 3.5

free space 23.5 9.7 3 .t-

la - c - i

— _________________ 

~~~~~
a - a - ’ c -  45 a-a-5• - .
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a-
t - - a -  - ‘ -  -

‘

r- -turn of a- a c - : a - c a - a - ’c - c - a - t a - a - ta t c -~a- t l a - i ’  c - a - a - ’— t a - a - t a - c - r h - - I  ~ ta -a - a - c -,a - . l~ ac a-li ;;—
t , a - r I a - , a - a - c c -’e c- ’o t a - s j ’ a - t ,’ c-~ a - i l

’ 
a - - a - c - a - a -a - va - a -I a- ” ’ _ a - a -a- , -a - e a - - a - s i j c -’ c-a - a - c - c a - a - i a - a - a - c  a- iota - a - i -

a - a - a -t a - a - i - i  a - ta - i a-i t a - a - t a -- n t  L i , a - i  a - c - a - l a - a -, a - i t t  a - a - c a - a - a - i a - a -  - a - t  t a - a - a - -  a- a - -pa - c - c- a - - a -i ,
l a - i a - e r a - a - c a - c a - a - L . a - a c, a - a - a - c - I  c - t c - a - a - a - t a - ’ c a -  a - a - r a - ’ c - a - C  a - a - -  a - i a - i r a - a - a - c - t a -  - a - a - c  - ‘ c- - - 

‘ a - a - : ,
a- - — - - -‘ a - ; l . a , and a- ,- . - a - , , a- ’ , “, ,c ,a- /, ,, ’ ” , r a - c ta -a - c -c. - a-.a - t i v e l y )

‘a - a - a - i a  ~a- c a - t a - - :  k a a - L f c c -. a - a - a - c  a - c t  c- a - a - la - a - a - , a - a - a - a - a - re c- c - ’ ! a - e ra - a - c - c d in
“a - c - r a - a - a - c - ,  1 a - 7 4 ,  a - a - t a - a - i  a - i a - a - a - c - ’ a - a - a - c - I  t a - c - - f r  a- . ; c - t a - t r o i s  c - a - e t c  s u L a - c - c - ’ a -~a - a - a - - a - a - t l c - a-
a - t a - a - n t  - a -  a-a - s ot ’ t a - - c ra -  a - c ;  a- ,- o a - a - a - c - L (  I ‘ - . ‘a l a - c - i a - t a - -  i a n ~a-a- c-a- c - a - f  a- il I c c - c a - , ; ~e

a - t a - c - i mobile a - a - o u c h.- - ‘a-, a - a - a -  ‘a- la- I 1 a - a a - a - iI ,c -a-l fr u ta - a - a - c t a - na - a - c - cts cr a - c - a - c - - t o —
a-jraphs -a - r  a - I a - c  a - r a - - a - a -, a - a -  - a - a - - a - a - - a - ’ ’ ’ ; . ta - a - a - t a -  of F i g .  3 f r  a - c - a - t a i l s ) .
I’t a- c- -s~ ~a-e r t,,n ;c - ,a ta -o fl a - i , t a - i a - a - a - i c ‘ a - a - c a - a -  (a- a - ta - a - c a - s of natural a - t-st’,a-r—
ha - a - a -a - a - a - ca - ra - a - a - , a - a - i ’ a - e lv ci c - : a - - a -a-,-l’ ,’ a- a - a - both ‘. ia-eir ‘ i r n a - a - a - g  - ta - a -ca-st a- a- c -ha -a - si—
ca-ca l l a ;-a-turbance a-s ca - a - W ; c - t a --r a-a-na -I c - a - a r i a - ’  a-g.c - r craa -~) -a-nd a - l.a - a - a - c a -a - .

‘ a - - a -a - a - c - a - c - a t  to I’ . .aL j~ 3 , i a - a - ; .  3 a - t a - t i c - a - a - t e a -  a - h a - a t  a - f  rca-i—
t a - a- ca - a - a - a - a -  L a -  a - a a ea - a - a - a - c - c - nca -a- .i b y a,-,’ r c a - p a - c - I a - - c  a - c a - c - a - ’ a - a c - a - t l c - c -t a - a - a - a - a - a - a - i c - a - a -a-i t I S
re-a - a - cc - a - a - a - i a - -a - a - a - cc - I, a - ta - c La - a - as a- crs ia-t oa -a -t c o m m a - a - a - il a-a ‘ ca - a - - a - p a- t’a-~~d ) a - a - a - a -s
ta-u a - r c a - ; a- a - I  a - c - i~~.a - , - a- ta - a - a- e a - a - t  a - a - ta - a -a - a - i a - l a - a -  a - a - ca - I the a- ia - ca - a - ca - c-ca - i s a - a - a - nt
a- c a - a - a - a - c - a - a - a - a -~a- c- t-c (a-a -a - c-t a - -cia - a - a - a - i) a - a - a - a - a; the Least ad~~a - a - s ta - a - a - c nt a - t a - a b i l i t y .
‘-c t  :,;c a - ,a - -a - a - a - a - a - a - a - a - a - d ,arc.a- , ra - a - a - c a - cc’c-’ ,a - t or  ‘- ‘ f  ~~ ,. ‘ c a - c - ‘- (a r- -a - a - a-s a - a - c a - c-
a - c ’ - - a - ca-a- a- ., ’a- - l e na - a - ’ a-’c ’ t t . - - c - a- - a - a - I ’  a - f  -3c c -ca - ,.: in ,‘auri l a - a - n a - a -  t a - c - a - c - ’;

~~ a - c - a - S C a - a - c - ar c - a - a - ci a - is a-are -; a - a - a - a - .a - c a - ’ ; -.c - a - a - i c - t ty se a - t a - ta - 3 ,p - L a - ’  ‘- ‘ - a - a -~~~a-l
a - a - a - c - I  a - u t c , c - a - c a - -c- a - a -’ t . u c - i  I a - V a - a - - a - t c - c a - t a - } ; c a - r —  ;c t a - c c t a - o r  . T i c -us , the  o n - a-- a - c c - a - i,
, a - - a - c a - a -a- i c ctur -ca - t ion is r’ea -a - ’ a c . i e v c a - i  a - a - a - t a - a - i n  seven a-aa -o nt -i s Fi g. 3

( I c -ca - c - aver , t h i s  n a - - a  ca -rn r a - a - c is -(a - a - a - a -ca - -a - ida - c -n t c-a-n ta - la - a - - a - I r a - a - u  of a - I t s —
a -c i r b .a -n c e .  c I a - c - a - e r  a- c-a c - I a - e r a - a - t a - c a - a - t a -  n o t  c - r -  c a - cc - ted  ia - cr c  have sla -uwa - a-
tic-a t the a-i ista-rbaa-c-ce -a-cc ,rs c a - t a - c -a-a- a- I - a - c  L .a - a -. , . a -  settlea-’c-c-nt,
ma -sc--a-Is l . c - a - i j  to settle and a-lie coma-la-unity a-I a - a -c s a- a - ct  rca - a - -Ca --a- nd
fai r it  l eas t  e i a - j a - . t  a - a - a - - a - c - a - i a - s  a r i a - i  a - - c - - i  a - a - i a - l y  c-a - i  L I  a - a - a - a c - a - ’  c- t a - ca - ct
n ineteen months.)

A t a-a - a - c ia-’a-ter:-,c- ca -,lia -ate a-area , ra-,a- :- a- ca -a -’ a - a - l ca-f ‘- -c c ‘ - a -  a - S  foi-
l -  ‘a-ca-I by r o a a - t a - a - i n m e n t  a t  t h e a -  - a - t i c - j a r ’c - c - I -c’onfi -a - c - a - r a t i on ‘ -a- ia - ia -ia - c-
t’.-;elve rra-ont la-s. This ret a t a -vel y r a -~. ; a - i  a - a - a - t u n a - a -  a -a- 10 0 ’  cove r
a-Va-’ a-Ia-is l a rge  al :~ a- — a- a- ta- to -c - r a - aa - a - c o xi a - aa - ,a - a -c- ‘ 17 ‘a- a-n e rn Icc-a- : ; is
a-ca-c-iec-’ea-i aa -a - ea -cc -c-alll-c , since nearl y c a l l  ‘c a - a - a - a  P’, -: c -ca - .’ a-n .c ca- a--c —
.c- a-’r a - a - a - c r a -t c a - a - j r .  ew (or pc-rennated ) l . a - a - - r n  a- a - a - a -- a -] 1 ‘a” a-? a - a - a -  a- c a - f a -a -h 1—
fast not o n i a - .i i n a - a l l y removed from a - i a - u  r ca -a -k F ’ t a -~ . 3 ) .

a-
a-at t he  protected area , rer’a-o’,’ai c-f ‘l .a-a- a- - a- a- - a - P  a - l . I a - ,-c is

a-ca- i l a-a-,wc , I by an ia - a - a - a - ca-I ba te  i nc r e a s e  Ira 8-a- a- a , a - , ’ c - i a -c a - c - a - a - i c -co and
a a - l o w  i a -a -c rease  a-n a- a-’ c - ’a - , aa-’ ’ -’a - a - - ;  c-c ..c - c ~ a-a--a- a - i -  - a - I - a - ric a- c - a - a - a - ic c - a - ’  A s  ye t ,
a fter a- c - a - cc - a - - ca- ’ months), .4 ,a - , c- a - a - a -  -a - - c- / 1 - a- ”' has a- a -a -a - a- returned to a-ts

for:a -a-er hr - inance , althoug h a - c c w ] .y settled ic-civi c -h a -a - a - l a - are
a - a - c c - c o n i n g  In c r e a s i n g ly common (Fig . 3) . Th t h i s  a-’ xp- c a -n i m e n t ,
a- i a - u  a - p a - a - c C a - r a n c e  c - f  F a- ‘ , a - . a -  - d epended -c-si - - a - a -- a - . a - a - a - . a -  1 , rather t h c - c a -n
a-sex -ca -al. a - a - r a -’c-ccsses ,sinca-a- lita-h e a- a -n no c-a - ’ - a-~~~~~ -

- ‘a-i a - a - a- in i t i c - i l I r . ’
‘a-a- r e s e n t .

Th ese r e s u l t s  are  s u l a - s t a n t i a - a -,L l y  a - a - a - c - c - a - c comp licated t a - a-an
a - c a - c ’  r c - L c - a - a - t i v c l a - ’  c - a -t a -h a - i c  p a - c - t u n e  cc - n ’;a-- - c - a - l  by E a t .  3 .  t h e  t ime
of ~iear in sla-ich the initia- a- pu c ’r t ca -ra -a - a - t IOn 15 a-a -a -c -ac -ic affects
t a - a - -  t a - a - r a - g t i ’ a -  oil a-ia-a-ic for the  s y s t c - ; a - a a -  to  r e t - a - r n  to i t s  a - a - r e v i o a - a -n
a - a - a- a- c a- a- t a- a - c a -  a - g a - C i a -  - a- ia-ova- for a-l a - c c c - a - c - c - a - a - a c - a -  area) . l a - i  addit ia -a- a- a ,
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a-

-a- a- .•• - . a -  ~~-~~~c-_a-a-”. ~~ - - - - - ‘a- .,- — - - - -

M c-a-c- V a - a - A  s o ’ , c  j a - c~a- a - u J  ,a- a-

1 - i a - a - . 3.  P r e l i min c - i r y  r e sc ,a - i t s of -a-e’r t - .a - r La -a -t ion  - a - c -p e r  i a - a - a - c r c - t a -
a - a - cc -j un in L - - ’7 4 a - a - a - .  a - a - a - a - a - a - j  t a - a - c  r c s a - l  Lana -ce  of a r e a s  of -a - ; a -’ea-a- t
m a - era-a-ac-cc-bate, and I a - a - a -  exposure a-c-a - c-a- a-a- a-a- c shock. a-t ru e the
a - ca b a -.i n dan-a -a -’ra-s ( c- one c - t a - n - t u n a - i  e r r o r ;  a- c -a - -r cen (a- - a - c - - a - - n  t r a n s f a - - r a - c c - c - a -
by the  a -arcs  L a - a -  t r a n s f o r a - a - a - a - a - a - i o n )  of a - i a - c  most  a-a- L -u n d a n t  s a - a - ’u c t c - , r —
h species  a- ;; p l o t a - a - e a - I. l a - a - a - t a -  c- .a-t a - t a - a - c  e c-po a-a-’ca - .a- a r e a  a -r ca- t a k e r,
f ron t  c o n t r o l s  i a - a - n a - a - - a  o f  a - c a - a - c a - a -  = 100 ca-a-c-’ ) of c a- -p a - e ra -r i ca - i t s  re—
a-aorta -c-a- ea r l ier  (B. l-’a-e’ra-a-je 1976) . Id e n t i c al  r et - - a - I t s  a - c -ave  a - a - c - un
o b t a - a -n c a - i  in i - a n g e r  (l,-2 m 2 c l ea rances  in I ’ 7 5 .  Tic -c o the r
cxpen irnc-ta-ts i c - av e  not a-a-ceti reporteci ’a-.a-efore and are means of
1/-i ca-a- 2 su a - a - a - a -~c a a - a -a -p~~es of clearances rang ing a-ti a- ca-a l area front
Or a- ta- a - a -a- - - a- a-ca- 18 m . The t ic-a- ca- of a - a - c - i tia l perturbations a-a -n e
‘a-a-ri-a--c--h ia-7 ta - a - c arrows -a- a.th the  change in abundances a - r c a - a - a -  ta -a-a-c-

d i a - ;t u r r a - an c e  shown b c - - c a - ia - a - ca- i n t e r r a - a - p t e d  l i n e s .  A b u a - c - c - I a - a - a - u c c  af
I a - - a -  a - , ’ a - a - a - a -.a- c- a- a - , ’ in a- ci a - C c o n t r o l  a t  the  l e a s t  ox ;a -e a - a -a-a- u a rea

a - i a - s  al a--a- c- a-a- -s t a - a -w ( means i- a -- a - low g r a p h )  .c a - c - a -.i a-c -re  nb a-a - ~a- i a-t ted  a-a- cc
redc - a - ce  c o n fu s i o n . a- at  the a-a- a - - a -p os c a - i  a r ea - , ‘P.  a- - a-’ l a - a - c-’ reachieves
s t r u c t u r a l  a- .iomi r . a - a -nce  w i t h  i n  a - a - Ovc - c -  m o n t h s .  At  ta - a - c  inter—
a- a - ca -h a t e  a-area  F a a - a -- a - a - -- ; ’ . a- - ‘a - a - . a - - a  ‘ a- reachic’a-cs struct a - r a - i l a -Ia -a - fla -i~~
a-a-ance a-ith a-n -a -ca -c - c ‘a- c - a - a r .  Pa -Ia - the prot -a - -t a--a - I area , stra-a-ctura l -a-
ioa -a-a-inanc c i a - a --as not a-eon n e c - a c h i e v e d ; a - 1 , ’ ’a - a -~ “ a l1 a-a- ’a- is a - t i l l  ver y
scarce -c-na-I canopy cover by c-a-; 

- ‘ c a - a - a is less a - ia - c - a - a - a - 50f-.

171

___ _ _ _ _ _ _ _ __ _ _ _



___________ 
______ - a - ”  sa-, ’ ; .a- ~~ ç~a-a-~ a- - a -

- c - a - l a - c - a - ’  a c -v a - a - h i S  a - a - a - a - a - a - -  i r a - a- t a - a - c - a - a - a —a-- c- I t l a - a -’ sc-a- t a - a - a - I t s .  It ; a - t a - c - t a - a - a -  na-c-I-at a- .c - I a - c ;
a - i a - a,’ I , a - i l a -. a - t a - ’  o f “ ,‘ .- , , a - a - :  t a - c -  a - a - a - t a - l a - a -  - a t  a - a -’ l a - a t - i a - c -  a - l a - a - ca-

a - a - a -- a -  ( c - a - ’ t nd aa -t iti ca- l a - l a - - c --k , [ “ i t .  3 ) .  A l  a- I a - a - c a - a - - a - l a -  a- t a - i a --a- a - a - a - a - a -  a - a -’;- ’ a - - a - ca - a - a - a - ca -
i a - a - a - l a -a - a - era - cc - c - or a - a - l a - u  a - c -  a - i c  - - a -  a - a - ’  ‘( c ’ a-’u a y ,  t h e  - a - - a - i - a - l i l a-- c f f c - a - a - t ‘a - c - a - i l
Ia- c t.o a - n c - r c a - a - s c  i c - a - a - l a - a - a - n  a - h a - a - a - a -  a - a - c -  ha-- c rc - -a - sc - ’ t a - - a - -  I -a r c - of
- ia -a c - a -’ ti c- a - t a - a c  ( 1 ) 7 0 )  l a - a - s  a - oun c -~l a - I a - c - at tu c - a - c a -.l . i t - ~~a - a - a - a -  c - a t t i c -a - a - a - a - - a - a - i.

a - a - a -  I a - L a - a - v i v a - I  cr ’ - - .-n h a - j r a - c a -c- d a - a - v  , a - . a - u l a - s t r a -~ t c - a - a - a - c -  of  L a- a - i a - ’,,,, a- ic - c-

a- a - a - a - a - a -’ a- ia - a - a -  t i a - a - - a - r - - a - ’1 a - a - t  I a - i  a - a - -. a - -  ‘0 9cc-  i t y  of a a-a- c c - a - c - a - a - c  p a - a - t a - a -  o f
h a - a -  a - c - a - c I a -c- s p r c a - a - ’ i c - i a -- s a- L a - a - I a - a - - a - t a -  a - a - a - a  a - t a - c-c- c - a - a - - a -  ( ‘ ( a - i a ’  f n a - , t a -  a - , a -’ r i c - a - - c a - c r c -c- s
lpcni’sl!a -ra- l a - a - a - a - ) .  ‘l ’hc - .a-s , .a- ’ .a -  ‘ cc a- a - ba - a -a - c - - Ia - c a - a - c - a - ’ a - a t  t I , L a -  - a - a - a - - l i  ‘a-a- ,a- a - a - 1 9  be
~u a - a - ; a - ic a - : a - ua - . ta - a - . a - a - - : a - a - e t a - l a - a - a - a - a - a - - t a t  - a - a - a - a - i  c a - c - - a - h  a-a - f Ic- ar c- a - a - a - l o s cou1ih’-J

c-a-a - i, a - t a- ca n a - a -c - I c - a -  a - v a -’ Lv  . , aa - , a  I c-c-a-l a - a - .  l . a - t i c - in of p a - - r L ’a-c-’ in a - l c t a - a -

a- I a - c - - ,a - o a - utr a - a - a - a - a -, a- a--n r..-.’ ink la - a - s a - a - a - a - - ’,-c a- ’ r - c. ’ -I o ta - se a - a - a - ta - a- Ia-rO
a- cc tc c -h area (c-a rc -p a - a - l.a - h a -- a - h a - c - c -a-i d a - a - t , a - )  , I f  t a - a - a - n i a - i v .c a - r a - c c - s  a-a -re a-a - a--a--
a-’ la - a - h a - - a - i, i’a - c - ,’ ,a w i l l  occ a-a -py 1 0 0  ~ o a- t he  Cat a- (ca -p ’a - space -a - a - t a - c -  i a - a -

a- a-i.>: a - a - - ;’n t l a s  ( J .  t l a - ’ a - a - a - ; a - a -, l a - 7 5 )  . fla-c - n c e  t i c - a - a -  nc - t a -. of ia - c- a-a- n -cc - a-a - a r i a - a -
P a- a - c , a-a- ta - - i p e a - i c - a - a - a - a -a - a - a - l a -  - c - - c - l a -  c --c , a- a-b -ira - la-ac-ce a-at the a - r i _ a - - a -a- c a - - i
a - a - rca - a - is una-ioubtea-Iiy slowed 1 hc -erb i. ’ a - a - c r a - -. Thia -a-s, a- , -a - n l a - i ’ a - o r e s
ic- a- ave a- a - - a - a --a-jon itc - a- l a - a - a - a - c -~ ca - on c-[.-( a - a - a - nua - a -c- . a - - c - a - a - a - a - a - a - unit y rcsi iica -cc-e

At all a- a -c-a -ermediate ca-nd pro ’a-a-ccted areas c c - a - a - a - - i c - a - - a -  B.
l-la ra-a-ju , 19 ” 6 )  , p ra -.c .a-..a-tc r exclusion u s a - a l l y  r e s u l t s  in a- a - a -p- i c - i
mo a - ic a -~ - _ a- l i z a t i o n  of space b a - a- ’ c - P a - c -’ t / 7  a - a - a - ce .g. Fig. 2 , c - ’x r a -’cca- a - c - a - c-a -
results in bi g. 3). Once ‘- . ,,a - ’il,c 0cc-a-pies most pn ia - ’ a - a - a -L’ a- ’
space , a- -a - ca - rv lva l of adult F,a - ‘ , a - decl ines  a - a - n a -  a- a - a - c a - a -  l e a - a - a-i t of
a- .c-c- a - a - a - a -  fa -ic-coid s rarel y occa-a-rs, a- a -n c - c a - t i  l a - a - .’ bo a - i c - out - c - -a - a - a - a -p c- ta - a - a -s
a -il rea i- c,-c estaba-ished I a - a - a -- a-c (it least) (J. a-- a- crc- ca- c-, 1975 , iii .

c-a-c-Ia-a -n a -a -c, i a - a - t a - c -) c - a - a - , ,  a- ;.a- ro ’r a - a - a - c l ’ a -  a l so  f i l t e r s  th e i r  a - a - c - i a - a - c - a - e s  f r - - a - a - c ,  ta -a -a-a-
water column , j a - r e ’- a - c a - a - t i n g  r c - c - c r u i t : a - a - c r a - t  ( D a y t .a- a- rc- , l ’-~7 3 a -  J .  a - - a - a - a - a - - : ’ -,
l’~ 7 5 )  . Thus  a - t i e  g lobal  st- a-abilit y a- a- l. a - ar actenistics a-i a
s y s t e m  c a r,  result fra - ira - a comp lex or’ biola-a -a-q c- ca - al c-a-nd ; a - b a - y . a - i c a l
f c-i ca-or s.

These expenia- :a-cnta--c on adjustment stability ‘cc-nd to
s u a - ;p ’ c - a r t  the beli’a f a - l a - a - a -a- communities in relativel y hea -c-i- ;rc-
a - a a a - , L t e a - a - ,-a- a - a - nc  more ;.a - c ’r a - a - a - tent, a - a - a- ,a - a -  less  r e s i l i e n t  than  are
c-a- or a - cn u n i t i e s  in relatively r d . ~a - a- a - r a -a - c - a - s b a - a - a - b i t a t a - a -. If this is
generall y ta- c - c - c’, then the next st’a-~a- is to learn via-at f a c t a - a-’a - r :
a-a-a-count for such differences in a-’oa-a-’c - i a - u n i t ;  d n a - a - a - r i c a - .  The
-above results , via-ta- the followir;-a-; outlines of life ha - ia - tonic-s
of a-~ey a- ’oa -a -cp a- a - a - a - n c n t  spccies ,suygcst that communi ty  s t a - a - L i l i t - ;
i,S a-a- f u n c t i o n  of ( 1)  the  p a r t i c u l a r  m a - c -  ta - f  l i f e  h i s t c a - r e
strateg ies possessed by the stna -ac t ’.a- r c- a- ll y and l.a -a -nationa ll y
i- a - a - c - a - a - nant species ,and (2) the relative intensit’.- of biolog i-

a- 
c a-a-a- i i:i t er a c t i o t a- s , especiall y c-a - a -ca- a-i a- -a - a -a- a - a - a - a - a - n - p r e y  i n t e r a c t i o n s .

Life Histories , Biological Interactions , and C a - a - a - a - a - a - a - a - c - a - n i t y
Stability

I n the Na - a- -a-a- E ng land systems c - a - a - a - n a - - i d e r e d  above , t u e
s t r u c t u r a l l y  d o m i n a n t  species a r - a - -  in c r e a s i n g l y l o n q e v a -a - c - a - s .
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a - r j a - a - j a - a- a - a - r i a - a - a - i c - i i a --, a - a - ’ -- 1 - I a - a - l a  a - a - a - a - h i - b c - - a - u t  c - a - a - t i c - a - c - a - a -, a - ’ , c- “ 7 , , ,’
- a- - a - a - a -a - a - ’ , a - a - .l a- a- l a - a - a - - c - a - a -’ p - a -’(a-[a-cc- t’ t ton ci 01 bc - c -n a - a - s - a - - a - C S  - ‘a - a - a - _ ’ c a- ’c - r c - ly

c - a - c- - a - a - c a - r r t n c - 3  a t  - a - - a - p a - a - a - a -a - - c - i  - a - r c a-a- a- -a - ( c . - ;. a- a-~a- h a - ’ a - a - a - a ’ i  a - a l  ai g c - a - c a - )  a - a - n c - - a - a - - —
l , a - t i v c l a - ;  s ( a - a - : a - t — h i v c c - I  a - a - a - - I  a - - v i c - I a -.- a - i t l y - - “ a - a- - a- m i t u r - e v i t a - a - i r a -  t a-ic

a - a -’, a - r a - a -  , a - a - , a- a - a - c - t ’ t a - a-~~a - ; a -  a- a - a - - a - - ; i c k l 1-- a- s -a - a - a - a - ’  a - a - a - a - a - ,  a- - ; a - - a - a -  l a - - a - a - c - n t
s a - a - a -’a-’a-asS o t  a - l a - C a - ’’ a - a - ; .- a - c - ’ l . - - ’a- is u , s ’ a - ; a -I Lv h i a - ; h i .  ‘ i ’ h c - s a -  - a - - a - - a - ; a - ca-a-~ a - a - l ,

a- ‘ ‘ :- ‘ a- a - , a-— joaa - a - a - nat a -’ ,h c ’a- a - t a a - a - a - c - a - i a - i t i u s  a-a- a - a - ’  a - h a - a r - a - a - a - a - e r a -  c - a - - h l a - c -  -~a I a - l a - a - a - a -
a-I a - 9  ia - a - ’ a- a - a -  O a - a - 1 a - a - a -~ 

I a - a - ,  f a - a - a - a -~a - .
A t j a - a - t c - a -a- ’ a - ca - a - ’ a - i a - ,a - a - c - a -  - a - a - a - ’a - a - s , L a -a- - ‘a  ‘ a - a -  - a - I ,  ,.‘ .“ , ‘ a - l a - a - a - l I t  a - a - - a - a - a - a - .

ta-a- p a - ’r s i s t  a- a ‘ a - c -  i c - a - a - l a  - - c - t a -  t ta -~
c- a-_a - i  h a - a -n of ia -a - a- to ta-n years

( a -.’ - ‘ a - a -  h a - c - s  a-j i- ea-t t a- - a - a - a - a - a - a - n  a-a- i  - l i t  a - a - - a  a-a-nd a - a - a - a - a - a -  a a - a -  t a - a - c - a -  I ly c-c
a- a - a - a -a - a - a - r — i a - a - a - a - r a - c r t a - a j ) .  k - a - a n c - a a - t m e n t  a- a- a- , ’ ’ - a - c - 7~~ a - i , - occu r s

- a - a - - a - a - a - c - a - a -,; , a - a - s l y  t a - a - a -a - a - c  a - ; - n  i a - a - a - a -  t h r a - - u c - jia -  a- a c-a- a- c - a - a - a - , : ,  (3. a--Icnge l ’375 ,
: i t - n s o a - a - c - 1 i  ob sa -a -r ’- ,’ a - a - r c -’r , a - a - ) . (ia-a- a - ta - c a- .a - v c ra - a a - ; c a - -, this a- - a - t a - a - a -a - a - c- CS ca - c a - -a - a - a - s
La - a -r a - gcr— h a -’ - - - 1  a-ia-an - : , - ‘ 

- - 
- a-

c -t t  j a- c-
~~

a- - l . a- - a - a - a - c d  .a - a - a -- a- a s , , j a - a - a - a -, c - l L . c - ? - c  i . a -  ; a - p t a - a - a - n e n t l c - ’  ‘;cry
1a - a - a - i c -~

- i ’a- a --d , p u r a - a - a c - .a .~a -p to t a - f t c - u n  a- ’ea- a - r s  (V adas , pe r sca-rc- a-a- 1
- “a a - ’a - ,’a - c - a - a - a - ia-’;a- a- ion , pc- can s - a - - a l  - - c - s e a - c vati o a - a - a - ) . T I i c - a - a - al ga h -a - s ~a-ccr
recrui ta- :a -ea - .’ sua-a-c’ca-a- , a-a -c a - a - c -n when cr5 a- a-c-a - e r a -  - - c a - n a - a -  e xc l u ci c d .
P a - a - c a l  l v , i ts a-,a- e r c n n a t i c - c a -n , a - a - , i i  i t i e s  c - a - a - a - - c c - a - n  f - a - a - a -’ infcc-rica-r a - a - c a-
ta - a - c - a- c of F ’ a - a - .’ a - c - , r ‘ c- - c-- Ic,’ is . 11cc-ce c i a - c relat a-ye dea-;rue of

a-a- la -p or t -a -a - c - a - sm of the  a-ta -c-c a - a - n - a l i t- a - I c - a - a c - a - a - i c - a - I c -a- Sp ec -a -cs  de ca - l i a - c -c- a-a-
i r a - c - i  t h e a - a -  l o n g e v i t c-’ a - a - a - c - r c a - ac - a -a- a -s a - c - t i c -  a a-i a - c - c h i n e  in  e n v i r o n —

m e n t a - a l r igor .  S a-a b j e c t i- ;e ly , r e l a t i v e ly a - a - a - a - a - a - c -’; spucies ca - ,c -a -na - a - C-
ter a-sti-a-’ of . i a - c -’oa - ic - c - a - a -  - clci a-’,in ata - a-ci co~~nunities at .pcar a-a - a - rc
a-c- n a - i c _ a- a-c -s t a - a - a n  Sc-a - c a - a - c - l a - s  a-c-c- mor e r i a -j c-~a - c ca- a - c - a -- ’ l . a - a - ,’ (a-i Ic - a - a - i a a - c - u  i f l t a - r
t i a - i c - l  communities.

‘Ia - c - c’ idea a- ta - at lila-- ic - isa - a - ri ca - i c - a - a v e  a major effect on
a- a-c -c a- a-a- ;a- [a-c-rc rut resilience a - n a - a - a - p c - c t  ic-s of a - a - c - a - a - i r a - a - u n i t y  IS s up —
p or a- a -a - a - a -i by c u r r e n t  r e i n t c r a - a - r c a t c - c - t i o n s  of - - a - a - a - c a - a - S ic - c -n theory
(Connehl , l a -a - a - 72~ Drury arc-a-i htca ia - a - t l973~ IIc ra - c -,.1974~ Keever ,
1 9 5 0 )  . These a u a - h o r a - a -  ca - -a - c - a - t a - a - h e r  t i a - a - t  s e a - a - a - a - a - c - L i a r - :  success ion ,
a - a - i c - ic - a - c - mt -a-p t Pc .a - e f i n e d  a-a- a-a-a- t i c - ca -  collection of processes 0cc -a-a-n—
i a - c - -a-; -ia -c - en a- c - c a - a - c - a - a - a - u n i t y  is r e b o u n d i n g  or n ec - l e ve l  a - a - a - a - i  ng fr ’a- . a - a - c a
disturbance (“ resiiie ra-ce processes ”), is more in fl a -a-enc ca-.a- a-a- a-
ll a-

a-
c h i s t o r i e s  of a- tue a - c - - c a - a - a - a - a - a - a - c - a - - n t  a-a- a-a-cc-ic-s ta - c - -,a a-c- La-~; a - a - a - a - La - a - tat

a l a - a - a -n c t i on  a - a - a - a - - i  a r i g id , s e r i a l  rep l a c c a - c - c n t  01 s p e c i e s .
3aa-a-a -cal lv a-- a-c s ucccs s i i a- a - a - a - i  a- c I c - a - c c - c e  is  Vi c - ’,- ; ea - i  to be ,Ieter—
a- a - a - i nca-i by di ffer- c-n t, dis c -era -a - al, , sea-t a-ic-a-runt, a - a - a - a -a - ta -c- and c - ca - a - a - —
a- ae t i t i v e  a- a -h a - a - t i e s  of the  c - a - a - a - c c - a - e s  a - n  t a - a - c  s e q u a - a - r c - c - a - a - -. An
ear l y Spa-cries a - a - a - c a’; a-a -c ea r l y because It is a - ca - a - c a - i- a-’ oppora-- c-~-n a-c-tic
t han  a-a- l a t e  one a-nd not l a - c - c a - - a - c - a - a - c  a-a late one c a n n o t  to le r -a -a - a- . -ca
ta- a - c - C c a - i c - a - s i c - a l  en v i r o n a - a - a - c n t  in t h e  i n i t i a l  st a - c - a - ; e s  of a - a - c c - a -- a--
c - ion . Ti c-c a c t u a l  re~a - l a -’a - a - c ement  of a a-a-a-a- p -e c i e s  la -a - a - a - a - c - a - l i e n  is
sa-a- .;gestc-aJ to be r c -a a - a -u l a - t e d  In p a r t  by ln t e r a - ) a - e c  t fic c-era-a-—
a - c - a - t i t i a n .  In addition , my -a-a- .a-p -a- ’niments a-c-nd those 01’ 3. a-’icnge
(1975) c - a - a - a - c - a -c ( c - St  ta-c-at c- a - a - a - fl SLiaa - dcr— )a - ra -a -V i n t e r a c t i o n s  can be

c-~c - c - c - a - a -c-a-~i i a - c - c a - la- i r a - u p c c a - r t a n t  ita- a-J c c a - t a - a r a - a - a - i a - u i n g  ( 1 )  t i c -u  r a t e  of r e t u r n
to a - a - c --a-a-- ; a- nc a - I t s  L I a - n i a - a n c e  a - a -a- - c t  a- - - , a nd ( 2 )  a-b a- c s t , a - t c  t a - c - c  s y s t e m
r a - c t u r a - ; a -  to a - a f t e r  d i s t u r b a n c e .  ( ‘ l a - a s , in the absence of

l a - i

—4



a- ‘ ‘
~~~~~~~ 

-
~~~

_

~~~~~~~~~~~~~~~~~~~~~~~
-
~~~~~~~~~j~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

a - c a - a - a l a - a - a -  - a - s  a 1 - i a - a l l y ‘ I a - f f r c - a - a -.- a - a - t s c - a - t a - a -  L a - , n ec - a - a - a - h a - c a - a - i (e. - a - . I - i ’ :  a- .
2 , h . Vi a-c ; a - r a - c - a - - a -’ a - a - c u  O h  pra - ’ a - l a - a - f a - a - i  a- a - i c - a - a - ’ ’  also i r a - f l .a - cr c - a - a - ’  a - ha - c -a - ’ a - - —
.‘t ’ a- a - i t i a - a - a - c c a - t  a - a - a - a - c - c - c a - a - a - : ,  of I a - a - a - a - -a - i d a - a -  b y p a -a - - a- i r a - c - 1  on a - b a - a - a -  L a - a -  a-a- c a - c - a - a - arca- :

a - a - i a - a - a - a - a - a -  i a - a - - ;  a- a - a - u  c - a - V a - a -a- Labil it ’a- a-f a- a - a - i a - a - a -~c-a - — i - a - ’fug ia - a  ( a- , a - -1 - - r a - a - a- a- 19 7 5 ,
a -a- a-’ a - a - I a - a - a - a - a -c- . i’u r t a - c - a - ’ r, i c - a -’ n b c - a - ’ j o r a - cs 

~a-i
. a- a - b - a - l i - - i “a-i a- c c - a - -  rc- t~~r a-a-

- ~a- pr ’ a- ’— a - a - a - a - a - t u l’a - c - a a - a - c - a - a - a - a- ’ t a - a - t a - a  I’ c-~ ’ p a - c ’ y l n y  -a - c -  t i c - a - ’  a - - c ou a - c - a - a - of ‘ b c-
s c - a -  uc - a - ’.a - , r , a - l , i a - i i a - a - j a - c - , a - a - i t a - a - a -  ( a -i .  a - c - Ia - a- a - a - c -a- , 19 7 5 ;  a-cc c - a - b c - c - a - a - ) .  ‘l a-a- a - a - a - a - a - —

a - a - c -~a- ni a - - : a- , a - i a - - a - a - a -- a - s i n - I  -a-oa-ia - a - a - a - c - a - t a -L t, c’ rc s iii ur c - a - c w it b , a - : a - ’,:nc-.- a - a - sic - a- c - a - a - a - ,—
a- a- - c a a - ; - a a - a -~. , a- I a - t a b - . I a- a - ; a - a - a - a - a: (a - c  a a- .c - a -i C tj ( a - r c -, . f  ( 1 )  i i  a- c ba - i a - a - a -  a-a-

_ a - a- I C a -’a - - a - a - c - c -- a- c a- ci a - a - a - a - j e r  compora-ent a - c j - a - ’ c ia - c a - i, (2) c- a - c - a - a - , p a - a - c  i a - c - v u
i n a - c n a - a -- a t i c -’ a - c - c a - , a-a c - a - i  ( 3 )  i a - a -—a- a- ’- - a - a - a - - iny l y i n t c n a --a-e e f f a - a c t ’ a- - o f  - a - c a - n-
a- - c - _ a - a - a - _ a -- a - a -  - a-a- L a - a - c - i n  p a - a -”- ’ . ( l a - a - a - a - a - a - a - a -, a - b a - c  f r a - a - c - ;i l a -  a - -a- of t i a - c , a - c  a - a - ’a- ’ a - a - L c -, - c ’ s
a - a - a - a c - — a - L I  a - -u  a fua - a -c -t a - a - a - a - c -  of t h e ir  o r q a n i z a t i - - a - i a-a- l ~~~~~~~~~~~ -

Pa- c- . I a- r n , 1 ‘a-) 7 -4 a- a - l a - a -  a - ,  1 - a - t 3 )

D I a - a -la - a - a - J  a-L a - - i l L  a-N

‘ a - a - a -a- - of  a - ic - c  a- a - a - c - l igh t s  of n a t u r e  is i t s  a - - a - a - -a - i - a - a - a - ca-- V a - a - i a - c a - a - ’;
arc -  a - l a - a -  a - i l l’ sa t i s f y ing c a - I a - a - a -  ca -cl L a - ; a - a - t f c - a -l f e a t u r e  is t a - c  c - a - a - a -  - a - a - r e n a -,
a - a - a -’ r a - a - a - a - ’ a - c a - c c a - ’ a - a - t  of a-b c - is a - a - c-a-c- n a- c a - c - ’  m a - a - : c - i c - a - a - t e n s  - a - f  a- - ‘ iza ’c-~ _

rc ;ca- a-a-~a - t a - a - c - c - i  ; a - a - t  a -c -r ra - s  . TIc-c t - c - c ; k  o f  ecol ia-c-j  i s a- s  ar ia - a - e v a - c - l u t i o r c -  a - a - i s -
is a--c a - a - a - a - t e r m i n e  ‘a - a - a -a - c t i a - e r  or a - a - ct a-b a-c na-cc-hanisms ba - a - abc - ia - a - -.: a - a - c - i a -
r a - .ca - a - a -- t . j t i on  a l so  f a l l  ia - c- t a-; a-’a- ’a -~a - a - a - a - a’c i z a - a - b a - l~ , r e ; a - c a t a -.-ci i _ _ a t  t e r r a - a - a -.
A p - ’ a - ra - t i a a - a -  i a - a - a - a - L a -  c r i t i c a l  p r o b h a - a - a - a - c  is a - a - - Pea -ca -a-ta-a-ne a - a - a - a -”.
o p e r a a - a - -a - a - a - a - a - a - i  a - a - a -  o r g a n i z a t i o n a l  a - a - a - c c c - a n i s m s  a -uc l a -  as those  ra-~~, a -—
cu s s a - c -  I in t h i s  p a - a - a - a - a -- c .  I fcc- l t a - a - c  a - a - a - s u i t s  ra - l t ,.a- i a - c- .. 11, a - -’.- c - r .
a -na - er a - i a - - a - I  r a - \ ’ s t - c,- a - a - , a - -  .ave  a na -uch b roade r  a - ; a - ; a - l ica - a -a- a - -a - n t a - a - a n :  a - a - c c - a - c - ;
a-c ’c - l o a -’a-is ts  s u s p e c t .  This o )-a -a - ’a - i o a - c - is c l e a r ly a -n d  r c a a - a - a- a - -.a - n i a - a - c ;—
la-a- ’ a - a - a-a -nec-i ha- a- -tb a- ers (e.a -a - . Conne l l , 19 7 SPa -  Dc-a-ton, 1 - 7  Sa - F l a i l ,
c c  - a - a - i .  , 1970;  Pai ne, 19 74 a- . Nc a - n a-- t b a -ei ess  m a - c i a -  a - a - a - - ca - r e  c -cc - a - ’ a - a - a - a - it v —
oriena -a -a -a -i, experimentall y—Ia -used field research irc- a va-rica -a-
ol. t e r r e s t r i a l  and a - p a - a - a - t i c  h a b i t a t s  ia - c -  cr a -v i r o r a - a - sa - a - a - c - t s  of
v a ry i n g  r i gor is necessa ry  to resol’,a-c- ta - a - a - issue. A p - a - a - t i —
c u l  a r i a - -  r e h c a - - a - n t , ve ra - recent  r e s u l t  is  t h a t  i r a -  cc -a- a - a - t a - a - i a -
t r o p ica l  m a r i n e  s u b- t i d a l  c - o r a c a - a - a - c - a - a - u a - a - i c a - ;, t he  or g an i z a t i o n a l
e f f e c ts  ca - f  cc a - r a -~a - a - a t it i on  sec - a - a - a - to o p e r a te  in a a - ca- n a - c c - - a - a - a - a - a -a- d i f -
ferent a-a -a - a -na - c - er ( a - J a c k s o n  and Buss , 1 9 7 5 )  t i a - a a c -  in t cr a - a-~a-u r -a -a -c-
i n l a - — r t i d al  sys t i a -r ’ a- a-c- . These w o r k e r s  sugges t  t h a t  a -b ce cia--
served ni gh diversity in cryptic communities (wa -c-ic-h are
rarel y a-’a - ff a - act a - a - a - a - by predation ) is a r e s u l t  of c u a - a - c - a - a - a - - t i t i v e
“ n c - a -a- wa - a - a -ks” (A outconupetes B w h i ch  outcor aa-pe tes  C , a - a -a - i t C

a-a-c- u ta- ca-a-p-eta-ca- s A) rat(a - c - ’r a- ha-an the la -ut a - a - an Nr a - c a - a - n c’ca -ta - a -p et i t . a - a - c -
b ier a - r a - a - h i e s  ( A  a - a - c - a - a - c a - c - a - a - a - ; a - a -  a-es B and C , B o u t cor a - ;.a - e t c c -s C , C
out “ -a - .~~

a - a - a - t . ’~
’
~ 

no one) f o u n d  in  m a - a - a - a -  a-, a - ha l s c - a - a - c a - a - a - a - a -. Ia -a - ct . a - c - c i ’
‘,‘a-- ’a-rds , - - - a - a -  ‘.1 itive exclusions are much l e s s  l i k e ly  ta- l ea - ia - a-
t - - mon c- a - a - ca -l ization a -

‘ 
a a-;ingle a - p a - cc - a - a - -a--a- in t a - c a - -se cryptic

conan a - a - a -  a- a- ies a - a - a - c - a - a - c -  in a - a - a - f- e r t ida l  c o m m u n i t i e s .
I t  t h u s  a- i~ a - ; c - c , i a - a -S a - ta - a - at a - a - a - c - a - c - li c- a - a u-a - a - a - a - standing of c--n c - a - a - a -u
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a - t i  , ‘ a-’ t u a - a -  of a- ’ a- a -a - a - a - a - a - a - a - a -  a - b  a- st’ruc’ture a - a - a - c - b i - a - - h a -  a - - c,’ ia - a - r a - ’a -n  ia - c b a - j a - v c aa-

lay  a- fl  a- c- a-\’ I i c ’ r a - t a - a - c -’ t , t c -’ll la -’ ( a -  a c - a - - c- I c - a - ia - - la -’rs a- a - a - a - a - a - l a - a -i 01 I c - a- -ct h ta-c- ’ -sh a - a -~~ —
ta- - a - - a - -a -  a - a - nd i c - c - t i - a - - a -  a- - r u  a - a - O f l S I ’ q U c ’ t ) a -’ a - ’ . a -  O f  I - a- ‘ ‘ r , a - r ’ a -  a- a - a - n a - ;  } .  -a -  ‘a-,’ a-

s p e c - i a - S .  t a t  t a - c - a - n a -  a- a-’ - - a - a - a - a - a - a - a - a - t  - a -  st  r u c c- a - i a - i -  c- a -; - a - a - a - a - c-a -- -

diversi t y , c3i st r it a - a - a - a - io t a - al a - i a - a - t a - - a - a - c - a -, n a - - l a - t a ’ , ’, - , a - b a - a -a - a , 1 c a - a - a - c ’ s,
a - a - a - c - i ~a-rea - lu a -’t i v i t  a - ’) a - a - i  c- ’ a - a - r - ca - r i a - a - - c u i t  : i c - a -  h a v i o r ’  (e, a - , r c ’ s i l i - r a - n a - ’,

j a - a - ’ n s i s t a -’ a - a - c - - a - - )  c - a - r n  ‘1 1 g rc c -a - a - t ly a - a -  feu a - c - ’ d  ta- ’, p r - -i a t  -c r — a - c - a -  -y  - a - a - a -
a- ’ a - a - a - a -~a-ca- ’t i t iv e  a - r a - t - a - a - a - a a -’ a -c a - a - a - t a - s  c - a - - ’  a - a - a - a w i t  n a - t a -  the c o n a - c a- n a - a - i a - a -a- ~
, a - - p --lied ba-a- ’ c h a r - a - a - - a -  a- r a-st ia ’s a - a - a -’ t a - a - a -- b a - t a - ’a- ’c -~ical  en’; i a - ’ c - a - a - a - a - c a - a - a - i t .

I t i c - i n k  a- ’ . I-ia-ax and J. a - - l a - -n a - r e f o r  a i r ’  v i a - a - .a - c - ’t Co n sc r a- a- ia-a-c--

c r i t i c i s m  on the manuscri a-a-t . F’icld assin~~’a-nce c-a- a-i a - I a-
~ a - 1 1 a -a- a - a -’a - —

r ’a - t i o n  ha - s a- ( c - c a - c -  p a - - a - -c- - a -  - I c c-i by nua - - - a - ou s  ~a-eca p le a- ‘a-P c- i ef  ‘c-ca - - a - c - a - a - - a -
t h e s e  a r c ’  S .  a- a - a a -  ia - a - , C. H a -  hi - a- a- rd , a-i a-c- i s t u d e a - a -t s  in the Fop—
c a - l a t  ion Bi a - loq-c- class at the UniverSitY of iIa - ssa-a-chusett a- -

P esa- a - a - c i a -  s u a - a -~ a - a - r t  was prov i a -Je a- l  by NSF grants nua -’ui a-a--rs
GA 35617  a- a - , : Yc-a-72— 01578 AOl.
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a- ’ a - a - a - a - a - u  t L ~ J . U .  1 c a - a - la - a -. Hf t a - - c - t a -  of -a - a - a -a - c -a - a - ct a- Lion , a- - a - a - ia - a -r
b 1’ ,c -l ’a- a- ta- c- a I c - a -a-a - c - a - a - i c - i c -

, a - a - a - a - a - a - ot her  f c - a -c c- - cc- - ra - na a - a -, a - ra - 1 l a - a - a -p - a -
~~~

l c-,a t i o n s  of a - Ia - u  l a - c - a - r r a - , a - c -  L a - a - 13 -a - a-I c - a - - a - - -’ i - a -  i a - a - a - a -a-a- ‘ I -  a- . a- ‘: , I .
a -J a -a - a - a- a- a -~~ a-~.,  31: 6 1 — 1 0 4 .

a-a- a - a - t a - t i c - i l, J .  i~~. I ’ a - 6 1 h .  l a - t a - c  m a -  I a -a - cia - a - a -a- - ca-f a - a - a -I a- a - a - a -- c c - c a - t i c
c o m p e t i a - c - o n  a - ar id  a - ba - er  a - i c - t a - a - c a - ’  on a - a - c a - l i s t r i h a - , t i -  n or
a - I a - a -a- a- a - i ra - a - ac - Ic - a - ‘ a-a- a- a- a- - 1 a - . - a-a- - a- IL - a- a- - . La-’ a-a- I a - a - a - : -  a- —1 P : 710—
723.

C o n n el l , J .  H .  1 9 7 0 .  A a - a - a -  a- t , a - t o r — a - r c ’; c - a - a - a - c - a - a -  a - a - a -  t a - c - c  ‘ a - c - a - r  a- a-c-a-
i a - a - t er t i c l a i  c - c a - ; a - c n .  I .  a - a - I  a - ’, a - , ’ 

- 
‘ , c -a - a - a - c - i _ a  a -a -ca - a - a -  -sc - - a - a l

p r e d a t o r y  spe c- a -c s  c - a - f 1 P a - j a -  . 1 - c - i , “a- a- - ,
c-- , , - b a -  4 ,r — 7 h .

Connell , C. a - I .  l’cc7l . Gn the role of ta - a - tu n a - i a-~~, a - a - , a -a- ’a -a - c-n

a- a - a -  a- a - ca - a- t i n g  c - c a - m a - a --a -  c - t a - y e  c a - a - c i a - a -, : a - c c - a - a  -ia-a- sca- a-a-a-e a - a - i r a -  a - c - -
a - c - c - la - a - a - a - a - 1c - a- a- rid a - a - c - rac-,a - a - forest a-a- n c -c s . a-a- c- a - j  a - , ,, ‘ , “ i c - a - a -

P - a - a -c - a - a - ” ‘ , - -
‘ a- ”, P u , -- . ’ Io: a - c - I . , Co s t a-r l .c ca - , 1 97 0 ) :

298—3 if

C o r a - a - a - a - a - i 1  , C. I I .  a - 7 2  . Cc- a - i a - a - a - c - a - r c - i t ’, ’ i n t c r a c t i a - a - a - , a - a -  a-- a - ,  a - t c , a - n i n ca -
a-a-a- c-NI- intertidal sh a - - a- a- a- . a-a - a -a -a- , a-,. fa a-. a . La- a - c - c - , a - a - .
3: la - a - c-,i— lYa - ,

C c -a - c -~a- c - l1 , c-f . H. 1 9 7 Ea - a -. Field e x p e r a - a - c .a- a-’i ts  in m o n a - n c -  c-co la-a -ct -’ .
a-a- ,ca- a c- a- ’ ‘ •~‘- a - a -~~ c a - I  - ‘ c c - a- c a - c - B ” o ’ a - , a - p .  2 1—54 , ea-cl . L a --’ P .
c- a- a - a - i s c a l .  S a n  F r a n c i s c o: Ac ’: I a - a - a - a - i c  P r e s s .

Conne l l , C .  H .  1 9 a - a -a- ,a- . Si - i a - u a -a -a - ec - h aa - ’a - a - sa - u a - s - r o a - I a - c -a - a - c - c - a -  s t r  a - c a - c - a - a - , ,
in n a t u r a l  coma -ia -uni t  a - e s :  a-a- ntodc 1 a - a - c - a - i  c a - i c - I - -a - a - - fcc -na-
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a - -c - a - t a -i , a - a - a - a - ;  - N AN T I F IC l a -a-c -a - ,  SLa- 1,3 5 ‘2 RATES
Cc-S a-\ a - a - i -’ ,’a -N :  OP INCa -La --a -A PING Fill-a - P }C a - D L ’C TI V I T Y

OF I a - p - a - a - a - a -PA L N A I L I N G  l-a- a-’ a - l ,3a- YS’PEMS

a - .  a-~. a-a - a - a - a - a - a - c -v - a - a - a --a-f ,~~ - c - . c- a- a-,a - a -’a - r  a- a - t a - ,
a-a-a-a-a- a-a- ic c - a - I T a - a - c - c - c  ta- c - a - c - -  a- ,‘aa-’ a- a- a - h a- a - r ra - c - ’ Sc-c i a - a - ia - c - a -a-a- s o~ ta - a - a -a-  a - a- S SR

L a - - a - c: a - a - g a - c - a d, isa -Ia-a-

Pa -a - a - - t a - c -i ina-~u a - ry l a - c - ta - a - c -  t c - c - a - c a -  a- a - ’  a- - c t i a-a-a- a-c- of actific -a-al -cc-a - a - c a - e n . —
t ,a-a- ’a - i o n  of  a -a - a - Oa - ic - a - c - a - a - i V a - ,a- a- ira -  a - a - a - t u n a - I  a - a - a - a -a-a - c lu e  ecosys tems  appears
-a-c b a-a-a- oa -c - e  a - a - a -  a - ia - a -- c a - a - a - a - s t  ‘ - i a - a l  a - i a - a - a-, a- ’a - a - i c - a - a -l and p r a c t i c a l
Pea-a-a-s of a-a-a-odert c- , a - - a - i c a -  i a - i o ’a-~ocj ica1  c - a - a - ca- - a - a - a - c - b a - c. The ~n t c a - E a - i f j c a —
a- ic - a - c  of t a - a -c a - ia - ia - er - p of cc-or--ca - a - c- c a -a- l a - c- ’ va - a- a - a - hi -a- sc -a-ecies ,
cr a - Jlna rc - lp’ l ay a - cc - - a - th a- a -  lea-di sc- ; role c- ,c - c-cc-sc--stems, has re-
sulted in a f c c  a - c - a - a - ’ a - c - t l y  m o s t  - d c-c a- a- a- - : ’ rc a- a-s c - a - U  a l a r m in - c ;  decrease
in a - ha - a - a -  a - c - a -a-a- a - a - a - b a -a - -n of a- -ca - ca - c - l p e a - a -u ]  a - t a - i o n s , ca- u s c - a - a - a - a -  Ira - t u r n , , a ‘a-l i a - —
a-a - a - a - a- ha - - a - a - c a - a - c -  a - a - n t h e  a - a- a - a - c - er a - j e t  a - a - ’  b a l a - a - c -a-ca- c- w i th  a- a - c a-b c- e c o s y s t em s  a-rc a-i
occasional,11u overt  a c-c-na-a-a- la-etc ea-’a- t Ir a - c - a - ca - a - a - c - of ‘u s e f u l  s c - c c - - a - ’  i r a - s

a - a - c - d c - a -  c e r t a i n  - : c t a - a - C a - t i o n s .
I t  is a - a - a - a - a - a - a - P e s t  that scienta-fic c-a - ca --a -e lation of fishery

a-a-a -cd certain-, p r o t e c t i v e  m e a s u r e s  c a n n o t  a l o n e  s a ti s f y a-a -h e
- ; r c w a - a -n ca- necessities of the world a - l i~c - a - i a - a t i a - a - a - a - .  T h er e fo r e , an
o c a -j a n i z a t  a-a- c- ta- of tic - ca- m a r i c- a - l t ’,a- re  of  a --ca - Ia-c-able species , I c - e l a - a - :n g
c -

~- i a -a -cr e a s e  the  p r o c - J a - c c t i v i t - ;  of pragmatically important c-c-c--
a - s t - a - c - a - i s, seems to be a p o s s i ble  s o l u t i o n  fo r  th e  problem .

N u m a -a-a -rous  r esearch  w o r k s  on the p r i m a r y  p r o d u c t i o n  of
‘a-he sea- rest if y to  the  fca - c - a -a-a- t h a t  in a-a- a- a - a - n y  r eg ions  of the
N c-rid  Ocean , a c - 1 c c c a- a - a - a - a - t y  of ora-’a-anic - s - a - L a - e t a - n -a - a - a -a- is produced ,
a--,i c - i c - b a -  is a-efficient a - -a-a- a-a -a-~ a-a-a-a- t~~ abundant development of
i a - a - a - a - t c r c a - a - r c p h i c  o r c a -a n i s m s .  The -a - t r e a t e r  a- c - a - n t  of o r g a n i c  sub-
s t ance  is be ing  a - a - a - a - c a - da- : c - c - a -c-a-i i a - c - the  up ra - c - r  r eg ion  of the  s h e l f  at
the  a-I a-a-~~a - t h  of 20— 30 a-a - c - etc - a -a-cs , where aa-a--a- c-rox ia -rcc-a-a-te ly 905 of the
‘a-hole m a c r o b e n t h i c  mass  on the  s h e l f  is be ing  formed ( G o h i —
I a - a - a - v, ,‘a- -c-a - e r i a - , a - z a - a - a - y, S c a r i a t o, 197 4 ;  and a - t a - a - a -a - c - a - a - ) .  E c o s y s t e m s  of
t c - a -a - c c - a - a - a - r a - a - c -  w a t e r s  a - a - l a y  a- most i m p o r t a n t  a-a-art in the bioener—

• a - 3 e ti c structure ca - I a -h e  World Ocean . The leading place in
a-he m a j o r i t y  of these  ecosy s tems is occup ied by b ioms of

- c c - a - a - c c - a - a - -b ytes, which a-ha -cu-a-- a - a - , their a b u n d a n c e  (100 kg /n 2 in
a - - a -a-c a - in areas) and ta - a - a- ’ a -’~- a - ,a - - a - i c - their rap id rate of production

ca-ri cover t h e  deficiency in primar y productlnn both in t h e
ia -a - a - — ly ing  ap h o t i c  zones  and in the  hi g h a r c t i c  and  a n t a r c t i c
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wa - a - f a - r s .  Also c - c - c - a - c a - a -  a- 1 ) - a - a - it:-; to this a - a r c -  t b a - c - -  a - i , a - a - a - - : i m a l  p a - O f  i —
c - i a -- r a - c - y  a nd l a - i a - a - a- c - bc - ,,’ a t i on o t t b a - c ’  a- I a - a- c _ op m en t  a - a - f  a - a - b c - a- a S I a - T a - a -  a- a- a - a -

in a-, 1:, ’ na-c-ret ic zones oh ta- or r i per a-a a- a- ia-c - a - t a - - a - a - .  a--a- a - ca - a - c - p a - c - ’ ’ a - ( c -~~

OPi  a - a - c -a r  t a- - ba - c -  th e  most  ia - ia - I a -  a - n t  a - a - c - f s ou r c  S U I c - j a -  1 ~ a - a - a - a - a -  a- a- . - ( a - r c a - a r c - i c
a-a- a - i c - s t a - n c - a - -  i n  t i c - -  sea ( J a - c - c - t  a- a - a - a -- a - c - , i loy se r a - — c- J e n s a - ’ a - a - , I a - . l~ a - -a - a - a - a - a - , ,
1972 ; and ot he- n a - i . 0ni y a sc-a-c-a-i l fa - a na - of th e ta-a - a- a - a - a - ’ a - a - c -  [‘a-’a- la r ge -  b a -a - a - c - r a - i a - sS , a-a- c - a - a - a - a -- a - s c -  a - a - c -- ’ O P  a lg a e  aia - a -.i sea grass , is u a - a - —

a- ‘ l a - a - a -a-a- c- c-i by l o c a l  phy t  a - i  a- ‘ - - a- , w a - a - t i c - -  i t s  g a - a - e a t a - a - -r ; a - a - a - t  b c - o c - a - c - ’ s
di  a- a-rc-t a-c- - a - a - -a- a - f a- c- a-a-I , di  a-s - a- :- a- , t rans  f e - a - a - a - a - a -c- I i r a - a - c - a -  s u s ; a-  ( ‘ a - a - a - a --c- a-a rc - s c-a-i r a - a -a-I

c - ca -ar a- i a -c-d a - w c - a - y  by so a - a - st r  a-a-ca-ms to f o r a -  a- r o p h i c -  c h a i n s  a-s f c a - n a - ;  a - a - . —
— isms a-n remote reg ioa - a -s. F u r a -a- a - a - a -. r a - a - a - c - a -re , in a - a - a - ca -l a - c - a - i c -  n a - - c a - - a - i a -c

wa-tea-s of  tc- a-i a-ijja- ’a - a - t a -  l a - i t i t u d e s , a- s u f f i c i e n t  a - I c - a c - a - t a - f  i a - a -,’ of
biogenetic a- ’l a -c - ia - a - e - a - c - a - a - can , as a-c- rule , be f o u n d . All a - a - f  a- la-usa-:
factors favor a-a- most  l u x u r i o u s  deve l o i a -ta - c - ’n t  of l a n k a -  a- a - n
w a - t a - c - S  coverina-; t he  shelf a t  t he  a - a - c r i e d  of va - - c- a -- , ’ t a - o n  a - a - a - ,:

o f a -  c- a -n  a-a w a - ’ - a - l t h  c a - f  f-c-od f o r ; - l a - i n k t o n  la rva e of l a - c - a - c - t a - a - a - c  a-a- r , a - —
a - a - a - a - is. Accordingly , on the  grounds of literary a - a - c c -a- a - c c - C  ou r

- personal investigations (Golikov , Sc-c-a rIa-to, 1969), it a - c a - a - . ba-
a- conjec rura -c-d a - I a - c - it the  food f a - , c - c - ta - a -a- a - a - a -a-a -c s  no t l l m c- t  the  r a - a - a -r a -a -h cr

of trade organisms at ta- i a - a - a- lanka -on phase of ontogenesis .
The spawning  period of t he  m a j o r i t y  of t r ade  species o c c u r s
s imu h ia- a-a- rc- a-- a - a -u s iy w i t b c -  t h e  a - c - : - a - t a -a - n s i v e  deve lopmen t  of a - a - h v t o p l a a - c - k —
ton and the  a p pea r a n c-a -a- - of  a s ufficia - :a - a - t amount of small
p la - a - c - a - c a - -a - a - , a n i m al s .

Tla-e a - c - c - a - a - a -a -nor of p l a n k t c  a - a -  a - - la - a- c-us p r e d a t o r s  ira- n a - a - a - e t i c
w a t e r s  is small , c -a-a- a- a - a - a - a - a - r e d  a- a - t ha-a-a- g r e a t  nc -a- a-a -ba -c -a - of l a r v a e  of
b a- - a - c - a - b a - i c -  a a - c - i m a l s .  T a - a - c - r e - f o r e, in many n e r e t i c  reg ion s a -a - c - c -

presence of p r eda to r s  a lso does not l imi a- the c-j c-a-ant ity of
merop i a nk t o n .

The lack  of s u i t a b l e  s u b s t r a t e s  fo r  the  s e t t l i n g  of
young under  c - a -h e r  f a v o r a b l e  c o n d i t i o n s  appears  to I a - a -  a more

- a- important factor , act -a -all y l i m i t i na -’ the  c ru a n t i t a t i- a- ’c do-a- cc- i-

a-a- Opmeflt  of species  w i th  a p lank toa - a -  phase  in o n t oa -j e n e s i s .
a- a- a - , a - r v a a - a -  o f  maa -c-y benthic species , including trade sa - a -a- a--ics , in,

- the earl y p o s t — l a r v a l  s tages  of on togenes i s, need a a - i c - l i t ’

a- d e f i n i t e  s u b s t r a t e  f o r  their s c-ca- a- a - l a - a - a - c -  and s u c c e s s f u l  ~evcl ’-
a- opment .

‘ Thus , fo r  example , l a - a - v a - c -  of Pc -a-cd molluscs ‘- a - a - a - c -  c- ’ a - -
d’ a- , Pa-a-~~L a- a - a - a -; a- ‘ c-a- -c a- , - c a - c a - a -a- a - a -a- . -

, and o t h e r s , se t t le  on the  al-
gal  f o l i a g e  and on the  leaves of a-a- ha -a - sea g ra s s  (a thread-
like substrate) , and cy st  a - a - c larvae on a hard  s u b s t r a t e  of
la - a -a - ha - color , etc . Substrates of this type form a narrow
line along the coastal region alone. In addition , t a - c - -  suc-

, c c c - s s f u i  p rogress  of larval metamorphosis ma be i ra - a - p c - a - a - i a - a - I  by
a - - f  Ic- a-a- a- p h y s i c - a — c h e m i c a l  f a a - a - t a n s  or by i n a p p r o p r i a t e  b i c - a - t i c

I 

“
,a- ’a - a - r r  c- a-c t c - din c-;s , a-a-v a-a-t a- i f  t h e r e  a r e  c o n s i d e r a b l e  a r e a s  w i t h
sua - sa - a - 1 a - l e substrates. Due to both of these facts , a l a - a -  a - a -a-
rc-ass of larvae may slow down its metamo a- pla-osis a-a-a-U I/c-i ia-h ,
a- - c - -a - a -a - -a- i f  it has succeded under unfa -’,-o ra -a-la -le conditi a -ca - c .

Under conditions favorable for the settling a - a -a -a-I
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c-development of t Ic-cc- youa -a-a-j in small di s t r i c t s , c-c- c - a - rra - -u rada-’d l a - v
l a - a - a- c- a-; a-a- a r c - c- a - a - s  o f u t a -  t a c - ’ c - a - a - - c -~a - l c -  physic-a—chemical c-a - a -a - a - i  r a - a - a - c -’a -~c -  nt
a- L a -a - - a - u  can be o b ser v ed  an a - c - a - a - t a - a - a - a -  c - a - a -  t a - - c - i  a - a - ba - a -a- a - c - i c - a - n c - c -  of Ii fe . This

a - I a - a - - a - a- a - a - a - a - c - ’  a - a - on , C a - a - c - a - w a - a -  in  s c i e n c e  as t a -ac “ r a - ’ f u - ; a - a -— a - a - l f ca - c - t , ” ca l l s
a - a - a - n t  a - : a - a - n  a - - a - c - a -a - a - a - a - c a - a - a - S  c -on c e n ta - a - ’ c - a t  a -on  of h a- a- - a r c -  the c a - c - ca - i reefs ,
sc - a - n i  c - a - i a - a - a - c - i a - a - c - I  by c - a -a - a - s t  a - n c - - c- a - s  of oh i q o t r o p h i c  t r c --a -p i c-a- ‘a-, - c - a - ta- c - - r s  ( G a - c a - l i —
1-c- ca-v - a- a- , ,  19 7 3 ) .

‘la-he a - c - c- sc - - a - a - c -c on t h e  s h e l f  of a d u l t  a -n d i v i c l a - a - a - a - l s  b e l a - a - a - a - i —
in ~ to t ha-a-a- same species has I r a - a - c - ’ e t c -  to be an ia - a - c a -a -c - c a - ant factor,
s t i m u la t i n g  the  s e t t l i n g  of t h e  l a r v a e  of the  c - a - ; a - ec - a - i e s  w h i c h
t h e n  f o r m  a - a a - r c - ; r a - c - ’ ; a - a - t i o n s .

The p o s i t i v e  c h em o t ax i s  of l a rvae  to substancesa-
a- a -c -c -rca -ed  by adu l t  spec imens of the same species (A l i ce ,

1931; and o t h e r s )  is most  i m p o r t a n t  in some cases , while in
other c-a -i sa-c- a- , t a - a - a -’ c h r o m o — o r i c a - n a - a a - i o n  of l a r v a e  to the  back—
ground , coinciding in color with parental individuals , is o f
c- j a -’c - ’ a - t c - : ’r i n p o r tan c e  (Thorson , 1 9 6 4 ;  and  others) .

The number of a-a - c - a - c - a - a - c - a - ; w h i c h  la-ave s t a r t ed  the  imag inal,
phase of life in natura l ecosystems is considerably reduced
by predators. Ta-a-us, the young of the food — b iva lve  mol—
la -a- sc -s  — wh ic - I c -  have begun  t h e i r  bot tom l i f e , t h a n k s  a-cc - t h e i r

- - small s i ze  and r e l a t i v e  d e f e nse l e s s n e s s , are  devoured  in
great numbers by tic-c benthos-a-eeding Pa-c-c-ia-tars, particularly
by starfish .

The “ r e f u g e — e f f e c t , ” caused  by ar r a n g i n g  a r t i f i c i a l
subs t r a t e s  in d i s t r i c t s  w i t h  o the r  f a v o r a b l e  ph y s ico—c l c- c-c ’a-a- ’a - a - a --
a-a-al conditions for the settling and development of the
yoc -a -ng , t oge the r  w i t h  measures  d i r ec t ed  towa rd the protection
of the growing young from predators , may create conditions
favorable for a considerable increase in productivity of
na-an ne fishery reg ions. Thus , study of the process of f-a-a- a--
a-ca-a-ia -ion of epibioses on natural or artificial substrates has
essen t ial  prag matic si gn if icance , as well as theoretical
interest for knowledge of the regularities of biolog ical
successions.

To study the above problem we have undertaken a series
of experia -ca-cc-nts in the Possjet Bay, Sea of Japan; we arranged
a r t i f i c i a l  s u b s t r a t e s  to learn both the process of succes—
sa - ora - development in these waters and the settling and growth
conditions of the young belong ing to fishery species.

Collectors - anchored rafts with substitutes of natural
substrates suspended from them (cotton and c-apron nets ,
sizal and jute ropes , bu nches of b irch bezom s , shel ls  of
P a - ’ ‘a - ’c - a - - a - a - - f - t a - a- - a - a - ” a - a - ,’ : a- a - a - a - a - a - I  ‘

c- c- - a - a - u ” p f~~ lcc- s : c - c - a- , a a - a - a - c a - a - a -’ s t run c-a -  on
a c c - n d )  — w e - r c a -  a -a - l a c e d  d u r i n q  a--lay, 1965 , in half—protected
bays  a - n a - i in relatively opc’ - a - a r t s  of the Possj e t  B a y .

We continued our c a - i c - s c -  c i a - i o n s  u n t i l  the  next  summ a- - r a -
t hey  are  now be ing  c - c -na - i a - a - a -a - -a -b by the scientific workers of
the Pacific Institute of E is a - c - a - cry a-a -a -U Oceanoqraphy a-a- a-c- a-
Institute of Marine Biology of the Academy  of S c i c - c - n c a --~ 
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the USSR in Vladivostok. As we have learned from our obser-
va tions , fouling on artificial substrates began almost in—
med iately when they were placed underwater. At first , a
bacterial pellicle developed on the substrat~ s, then flocks
of detritus began to appear. The substrates were then popu-
lated by numerous infusoria and later by populations of bot-
tom Diatomea of extraordinary density. In the beginning of
June , organisms of meiofauna pervaded the collectors and
algal growth appeared . Of all the organisms of meiobenthos,
Harpacticoida came in greatest quantity, so that the number
of their individuals reached the hundreds of thousands per
1 m2 of substrate surface toward the middle of June. The
organisms of meiobenthos were followed by larvae of macro—
benthic organisms , whicF began to succeed and settle on ar-
tificial substrates in large numbers and , due to their rapid
growth , soon took the leading place in the growing bioceno-
ses by their biomass. A similar order of development is
followed by fouling epibioses on artificial substrates in
other reg ions of the Sea of Japan (Gorin , 1969), in the
Mediterranean Sea (Taramelli , Chimenz , 1966; Sentz—Braconnot,
1966; and others), in the Black Sea (Do lgopolskaya, Braiko ,
1974; and others), in the Baltic Sea (Arndt , e t  c ’ ., 1974;
Scheibel , 1974; and others), in the North Sea (Persoone ,
1971; and others) , and in Messina Bay (Gorbenko, 1968; and
others), etc . It seems therefore , reasonable to assume that
the substitution of large taxonomic groups in the process of
succession of fo ul ing epibioses on substrates isolated from
the ground follows a general rule which is independent of
the special peculiarities of environment in each region.
Only the dates and rate of successions are noticeably
different.

In the northern hemisphere , the rat e of developmen t of
fouling biocenoses reaches its maximum in late spring , sum-
mer , and early autumn , and diminishes abruptly in winter.

In latitudes further north and with lower salinity, the
process of success ion is slower and less va riegated than in
southern regions (Meadows , 1969; and others).

In most cases , af ter a short per iod of succ ess ion ,
large macrobenthic organisms approach the substrates , de-
pending upon the water (mostly sestonophages and filtrators,
more seldom — algae).

The systematic affinity of the dominant species is
determined by organisms which play the leading role in the
aquatorium . In most regions, the dominant role in the
fouling biocenoses is taken either by Sporigia (Taramelli ,
Chimenz , 1966; and others) or by Cirripedia (Turpaeva , 1967;
Bagirov , 1968; Long , 1972; Gorin, Murachvery, 1973; and
others), Hydrozoa (Kuznetzova, 1967; and others), Algae (Za—
vodnik , Igi~~, 1968; and others) or Bivalvia (Kuznetzova , Ze-
vina , 1967) which have won the compet ition among different
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life forms for their place on the substrate.
In our experiments , species of Gastropoda maintained

their predominance on collectors ~ f different types. They
seized this position soon after the meiofauna had developed
and kept it until the end of June ; then in the first half of
July, the gastropods were followed by species of Bivalvia ,
which played the leading role in the fouling bioce noses f rom
that time until the end of the experiment. This position of
dominant species in our experiments corresponds to the
climacteric state of a series of epibioses on natural sub-
strates in the Possjet Bay.

A successive change of the dominant position in growing
epibioses of different large philogenetic groups , determined
by the season of the year or by the phase in the development
of fouling epibioses , was observed by other authors as we ll
(Kuznetzova , 1967; Gorin , Murachvery ,1973; Chimenz , et  ~i l .
1974; and others). It is typical that in our experiments
the larvae of Gastropoda had the quantitative predominance
in the plankton at first , but were then succeeded by
Bivalvia.

Considering that the period (temperature) of spawning
of each biogeographic group of species is determined , the
change in the predominance of large taxonomic groups both in
the plankton and in the process of succession of fouling
epibioses may be caused either by a stronger development of
a certain definite biogeographic group of species in each of
the taxons , or by a different time of larval development in
the plankton , determined by their morphological pecul iari-
ties, or by both of these factors.

In the Possjet Bay , we observed that the spawn ing of
species of different biogeographic and philogenetic groups
took place in the following order. In the last ten days of
May , when the water temperature reached +1O—+12°C, there be-
gan a massive ipawning of many low boreal species, including
such trade species of Bivalvia as Patinoi:u -ten 7~~~6J~~~~flS~~S ,

x~r c~~~~’t ~~l u s  g z~.z~~a n us , ~~~~~~ ~~~~~~~~~~~ Sp is ~~la z~~~~~l L —
~~~~~~~~ and others. By that time , larvae of a less warm
water species of Gastropoda , E~~i2~~t~~~z t ur r it a , dominated in
the meroplankton. Larvae of ‘:~~tL l~ s e~~~lis , wh ich la ter
became most abundant , were also found in the plankton. In
the second half of June , larvae of the above—cited low
boreal species of Bivalvia began to dominate in the mero—
plankton. At the end of June and beginning of July, when
the water temperature reached +18-+19°C,spec ies subtropic by
origin began spawning, including such food organisms as the

• trepang, : t ? : ~2oi ~~g 
~~~~~~t t~~~~ US , and the oyster , ~~~~~~~~~~~~~~

~~~~ At the end of July and in August , larvae of these
species began to dominate in the rneroplanktori.

The change in the number of species with succession in
the fouling biocenoses has a regular , undulating , wave—like
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character.
In protected and open bays, the succession of changes

in the number of species proves to be comparable; but in
the former , which are well-warmed in summer , these cha nges
proceed at a greater rate and are more marked (Fig. I A ,B).
The variability of the number of species on different sub-
strates is also of a wider range in protected bays than in
open bays. The greater number of species , both in protected
bays (10 species per 1 m2 of substrate surface) and in open

• bays (17 species per 1 m~ of substrate surface ), settles on
the cotton nets. In June , the number of species inc rea ses
due at first to the growth of meiofauna , and then due to the
appearance of the young Polychaeta , Amphipoda and such low
boreal species of Gastropeda as Ep heria t~ ri-~~ a , Homalopom a
~ i;  ~Hse , A 7ab a uladivostokensis , Setia ornata , ~nd others.
By the beginning of July, in protected hays (and after a
week , also in open bays) the number of species on collectors
~s being reduced due to elimination and migration; in the
second half of July, howeve r , the diversity of species again
increases due to the settling on the collectors of larvae of
a series of Bivalvia , Hydrozoa and Bryozoa from the order of
Cheilostomata . At that period of time , at first in pro-
tected bays and then approximately two weeks later in less
protected open bays , side by side with la rvae of My t i l u s

and •~~s~~~~ista s~~ housia , which were still settling ,
larvae of Pa ~~~~~~~~ ~es~ aeuais settled on the thread—like
substrates (nets, ropes). At the beginning of August , lar-
vae of C r .~~as~ rea ~J igas settled on the vacant shells of the
light-colored background . The next stage in the marked de-
crease i n  the number of species of successors occurred by

• the end of August due partly to a rapid growth of the young
of large bivalve moll uscs and to the reduction of f ree  areas
in the collectors.

In September , as a result of both the autumnal peak in
the spawning of a series of species and the settling on the
collectors by the young of such warm wa ter spec ies as
C L ~zan~ e j ~~;’~~~

p
~ ~i ~~nensis , and due to the fact that the

surface of the shells of adult Bivalvia had been used as
• secondary substrates , there occurred another f resh  increase

in the number of species. A rapid temperature drop in au—
• • tumn caused a f resh reduction in the number of species on

• • 
artificial substrates.

As is obvious f rom the above data , no stabilization in
the number of species within the restricted area of the col-
lectors is observed whi le  succession is in progress, which
could have been expected from the MacArthur-Wilson model of
the population of small isolated islands. From our point of
view , the lack of stabilization results from the extensive
variability in environmental conditions in the upper layer
of temperate waters, and from the increase of inter-specific
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Fig. 1. The change in the number of species on artificial
substrates according to the time of their exposition. A —

in protected bays, B - in open bays. The ordinate shows the
average number of species on 1 m2 of art if icial substrate ,
and the abscissa shows the time of exposition of the sub-
strates (months). The vertical lines show the variability
in the number of species on different types of substrates.
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Fig. 2. The change in density of populations of organisms
on artificial substrates according to the time of their ex—
position. A — in protected bays, B - in open bays. The
ordinate shows the average density of populations of organ-

• isms (N) per 1 m~ of substrate surface (logar ithmic scale),
and the abscissa shows the time of exposition of the sub-
strates (months). The vertical lines show the variability

• in the number of individuals on different types of sub-

• strates.
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competition for habitation areas on the restricted area of
the collectors. The lack of stabilization in the number of
species on artificial substrates in marine waters (Schoener ,
1974a ,b; and others) and fresh waters (Dickson , Carins ,
1972; and others) may also be observed in other water bodies.
It is interesting to note that the maximal number of species
per 1 m~ of the surface of artificial substrates in Massa-
chusetts Bay (Driscoll , 1968 — 16 species) and in the
Possjet Bay (20 species) is nearly the same.

The order of changes in the density of populations of
organisms is comparable to the variability in the number of
species on artificial substrates (Fig. 2 A ,B). The greatest
variability in the number of individuals on different types
of substrates (ag well as the greatest number of species)
can be observed at periods when the general number of organ-
isms is being increased. The maxima l density of populations
(exceeding 200 thousand specimens per 1 m 2 of substrate sur-
f ace) was observed on the surf ace of vacant shell s of i~-
o~ e ten i~’ssoensis and Crenomyt ilus ;1 ~~~~ at the begin-
ning of July and August. The number of organisms in the
first stages of succession of the fouling biocenoses (not
taking into account a large number of bacteria , infusoria
and diatomes) increased in the first half of June due to the
multiplication of meiofauna , predominantly Harpacticoida .

Then , in the second half of June , the young of Gastro—
poda began to play an important part in the growth of the
general number of ind iv idua l s  in the fo uling b iocenoses
(predominantly E p her i a  t u r r i t z )

The growth in the general number of fouling biocenoses
in the second half of July and in the beg inning of August
resulted c h i e f l y  from a massive settling on the collectors
of the young of Bivalv ia (i~~ t l ~~• C :~ z : • ~, • •:• ~~~~~ ~~~~~~~~~~

housic z, and o t h e r s) .  The d e n s i t y  of popu la t ions  of the
young of the food •~pecies Pat~ no~~~~~~u ~~~~~~ ~~~~~ on a r t i f i —
cia~ substrates at this time was 1,000—2 ,000 individuals per
1 m of subs t ra te, while in natural ecosystems on filiage
layers of Sargassum pallidum and . r~~~ a~~~ i and on the
leaves of Zostera mari~ir~, the population density of this
species amounted to 7—15 specimens per 1 m2 (Golikov , Scar-
lato , 1970)

After intensive elimination of specimens at the end of
• summer , caused both by the fac t tha t a ser ies of spec ies

abandoned the fou l ing  biocenoses (incl udi ng the young of
Patinope cten y essoensis , which have begun their bottom mode
of life) and by the fact that the number of other spec ies
has decreased , the density of popula tions on the collectors
is once more greatly increased . This increase in number is
caused by the set tli ng of the young of these spec ies , whi ch
are spawning at the end of summer and in autumn , and by the
for thcoming of additional ecological niches , due to the
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raptd growth of background-forming species of bivalve mol-
luscs , which beqan to ~lay the :irt of fouling biocenoses.

The spLcIf~~C diversity in fouling biocenoses , calcu-
lated Is tile ratio of the number of species (D) per density
of p pu iatien s ( N )  per 1 m2 of the surface of the collectors,
aorresponds to the 3 phases of succession of these bioceno-
ses , refleatino the change in the specific number and gener—
•il ~un~ue~ of in~~ividua1s with the growing succession (Fig.
3 A ,B) . Due te the fact that the index of specific diversi-
ty is iriver sei~ proportional to the density of specific
pope 1tt . .~r~s , (~~h~ ther c~ lculated by the Shannon—Weiner meth—
ad or by ~ simp ler method , such as the ratio of the number
of soecies per  number of individuals; the ratio D/N has the
SjO~: bjolo~ 5ra1 value and reflects the same successive
changes as the informational index of Shannon-Weiner), the
maxir~al specific diversity can be observed during periods
when the general number of organisms is being reduced in the
collectors.

It is assumed that the increase in specific diversity
testifies to a certain complication in the syster~, the fact
that the system has achieved a relative stability. Indeed ,
the maximal specific diversity, observed in the first half
of June , corresponded to the greatest development of biocen-
oses , where the gastrop~ ds prevailed (predominantl y E l r : i

The collapse and destruction of these biocenoses ,
caused by the tact t tiat the leading role in the biomass of
the fouling biocenoses was seized by Bivalvia , resulted in
the reduction of specific diversity. The development of
biocenoses with Pot f i •o~~e t~~ eesoeoa~ .~ dominant in some

• regions and ~?:c ••o~~ietc •‘ ; ?  ~~i4c~ a in others, stimulated thegrowth of specific diversity, which was then followed by a
reduction in the general density of populations and a de—

• crease in biomass of the biocenoses (Fig. 4 A ,B). The dis-
turbance of stability in these biocenoses at the end of July
and beginning of August , caused by the settling on the col-
lectors of species subtropic in origin , resulted in a fresh
recLiction in specific diversity, while the general biomass
and nunbur of individuals in biocenoses were being augmented.

Toward the end of August , the process of succession of
the younu to the collectors was being halted; the general
.urnho~ of individuals and the biomass of fouling biocenoses
.~as reduced by migration (for examp le, migration of the
vounq of Pz~ oo~~eet n ~~~a a c n e ~~s) and elimination of m di—
\ ‘iduaLs of a series of species; and there seemed to occur a
~ er npo~~ary stabilization of the structure of fouling bioceno—
ses with the predominance (by biomass) of Cr ceec trea
in some districts and •~~~t~~ioa edol~~~, Algae , Hydrozoa or
Bryozoa in others.

• The autumnal peak of spawning of a series of
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predominantl y widely distributed boreal species and the suc—
cession of their young on the collectors , as well as a rapid
growth of the young of food bivalve molluscs , caused a new
increase in the number of individuals and in the biomass ef
biocertoses and a decrease of their specific diversity to ~nexperimentally minimum \alue . A drop in water temperature
in autumn (which came more suddenly in protected shallow
bays than in deep open bays) caused the cessation of set-
tling of young on the collectors , an abrupt retardation of
biological processes and the stabilization of specific
diversity at a new reduced level.

The index of specific diversity, estimated by the
Shannon—Wiener method , ranged from 0.5 to 2.1 information
beats on the collectors , which is evidence of important
changes in the number of species and the density of popula-
tions of organisms in fouling biocenoses during succession.

The rapid growth of biomass in fouling biocenoses dur-
ing the last stages of succession is very extensive (Fig. 4
A ,B). It is chiefly due to a s w i f t  l inear  and weight growth
of food species of Bivalvia , whose individuals grow to an
exceeding ly large size. Thus , the shell height of young

o~~- increased in 3 months so that it
became 20—30 mm long; the young of M~~tilus ~( l-ts in 3—4
months toward the cold period grew a shell of similar
height , while the shell of the young of Crass a •’trca ~ti:as
grew to 60 mm in height in less than 3 months on the collec-
tors; and in 6 months on the collectors there were individ-
uals of the latter species with a shell of 70—100 mm in
height and with a well-developed and mature looking muscle.
The biomass of t’ tL1:~ o ~~i~~1~P ’ on the suspended bunch of
besorns in open bays , more suitable for the rearing of this
species , was more than 42 kg per 1 m2 of the surface of the
fascine , while the young of i’c~-~~~rtrca j ~~• in protected
bays , niore favorable for the ha; itation of these species ,
developed on suspended vacant shells of PatLuo~’. tc,:

a biomass of more than 17 kg per 1 m 2 of the sur-
face of the shells.

On the ground under natural conditions , the biornass of
the young of ~~~ i/~’a C 2 I L . did not exceed 270 g/m2, while
the biomass of the young of ~ros - -tt co ~~o~’ was 850 g/m

2.
Literary data also offer evidence of the fact that the bio-
mass of sessile organisms in epibioses on suspended sub-
s t ra tes  grows very  rap idly and becomes extremely large (Gul-
liksen , 1971; and others) .

On substrates in the water layer in other parts of the
Sea of Japan , the biomass of ~~~~~ Z~~e amounts  to 41.5
kg/rn2 (Con s, Boykova, 1975) , while in the Barents and the
White Sea , it reaches 23 k q /m 2 ( K u z n e t zova , Zevina , 1967).
Near the Kuril Islands , on substrates suspended in the water,
biomasses amountinq to 22 kg/rn2 (Rudjakova ,1967) are common ,

I ~) 1

I —  — — •  • • • • • - . •

-

~

-,-“ - ----
~~~

- — •• - • - -. • - 
_ _ _ _



r w ~~~- - — •~~~~~~~~~~~~~~~~~~

while in the (~aspian Sea t h t  biornass of fouling of Bolon~~
~~~~~~~~~~~~~~~~~~~~~~~~~ and i:’,~~~~ o t ~’p ~~n ooti~~ on artificial substrates
is 18 kg/~i2 (Bag i rov , 1~168)

Our data , g iven above , show thl t the development of
life on artificial substrates has a phase—like character.

The change of biocenoses occurs re~ cla r~ y w i t h  the
~jrawth of successions of the suhs~ ra~ es; species of smaller
s1ze yield the leading role in b iocenose •‘ oryanis”is of
greater size. During the final s’Ta les of succession in
regions inhabited by epibionthic food spec ies  that have a
plankton stage in ontogenesis , these species seize the lead-
ing role in fouling biocenoses . Excessivel y large biomasses,
created , for example , by food species of bivalve molluscs on
artificial substrates , and the ease of their nearing are
factors which give full reason to suppose that the introduc-
tion of artificial substrates in neretic waters is one of
the simplest ways to increase the useful prod~ ctivity of
coastal marine ecosystems .
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The most  acu !1 , an t  n er i , i v o r e  in t:ie mid and low l it t o r a l
005es and ~n tid~ pools th ruughoas must of t h e  t n t e r s l da l
reg ion of New E n o l a n d  rock y shores is the p e r i w i n k l e  snai
~~L t l o r L i a  7 ~~. I have expe r im e n t a l ly e> : a n t ae d  th~
e f f e c t  t h i s grazer has on al g al ab u n d a n c e  and . l l v e r s i t v  l i t

t ide  pools and on o u er y e r i t  subs t ~:i t a  ( i . e . ,  rock exitused
d u r i n g  low tide) and cor re la ted  these  r e s u l t s  with ‘the her-
bivore ’s food preferences as determined tn laborat’-ry pre-
fererlce experiment:;. F i e l d  expel  ~n i en t s  demonstrate that
this herbivore c o n t r o l s  the abundance and sync of alqae in.
tiigh intertidal tide pools. In these pools , the hLahest
species divers ity of algae ~bo ’h H ’ and ii u:~ber of species)
occ urs  at i n t e r r E o u i a t e  •r L t t o , 1 c :  de n s i t i e s .  Th i s  d it o n i c
r e l a t i ons h ip be tween  al ga l  species d i v e r s i t y  an d h e r b i v o r e
den si ty occu rs because  the  sna i l ’ s y r e f e r red  food ( . t e i a-

“oo2’ L~ L 2 )  i s c o m p e t i t ivel y do m i n a n t  to o t h e r  a lgae  in t i de
pool h a b i t a t s .  M o d e r a t e  gr a z i n g  a l lows  i n f e r i o r  al ga l
species to pers i s t  w h i l e in tense  g r az i : i  e l i m i nat e s  mos t
i n d i v i d u a l s  and species.

On emergent  s u b s t r a t a  ( i n  both the  m i d  ( f u c o i d )  and the
low ( Czoediaa = I r i s h  moss)  zones )  the h e r b i v o r e ’ s nrefer—
ences remain unchal: Jell , bu t t he comp e t i t ive r e l a t i on shi ps
o f the p l an t s  are e i i f f e r e n t , p r e s u m a b ly beca use of the d i f -
ferent physical environment. On emergent substrata , the
preferred plant species ~~c o ’mpetitively inferior , thus
: ;t t o :~L~z o ’a g r a z i n g  decre ases algal diversity. On emer-
gent substrata there is a negative linear correlati - 1

• between algal species diversity (H’ or numbers  of spec ies)
and [.itt rica d e n s i t y .

Thus , this consumer has markedly different effects on
algal diversity in tide pools versus on emergent substrata
primaril y because the relationship between the consumer ’ s
preferences and the competitive relationships of the plants
are different in the two habitats. These results may typi—
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f y the effects of many generalized consumers: when th i ‘ran-

petitively dominant species is preferred by the’ l’ofl~~~’il’i t ’ i

the r e is a d i ton ic relationship b a t w r ’ en p rey  d i ver s i t y  and
consumer  d e n s i ty ;  when the c om p e t i t i v e l y  i n fe r i o r  sp ecies
are  p r e f e rr e d , the re is an i nve r se  c o r re l a t i o n  bi t w i r n  p r ey
di v er s i t y  and consumer density.
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HAB ITAT STRUCTURE , ABUNDANCE AND INTERACTiONS
OF’ PREDATORY CORA L REEF GASTROPODS

Aiari 3. 5 )1111

DeparLrnrailt of Zoology
S ni ver s i t y  of ~-J aohir i g ton

Sc,t t ~~1e , W a s hin g t o n  98195

The ultimate goal of this research program is to unuer-
stand the e v o l u t i o n a r y  processes t ha t  have r e s u l ted  in t h e
very h i g h b i o t i c  diversit’:  of t rop ica l  co ra l  r e e f s  in con-
trast t ) other mar ine  e n v i r o n m e n t s .  Genera and fare lies
wi th many co—occu r r i ng  species con t r i bu t e  impor t an t ly to.
th i s  hi gh d i ve r s i t y . The proximate  goals of the research
a re to unde rs tand (1)  how species wi th  s i m i l a r  e n v i r on m ata l
requirone !its use resources in stable , many-species assem-
blages , and (2) what environmental factors most strong ly
influence species diversity and abundance.

This presentation will briefly review the first pro—
• blem and concentrate on the second , with emphasis on the

large and conspicuous mode l genus C.e -,- .  To determine
how similarly co—occurring congeneric species use resources ,
ecological cha racteri stics of a l l  species are compa red ~~Ii

all possible paIr combinations . In general , ( 1) many
species pairs do not overlap at all in either food or
microhabitat utilization; (2) diets are rarely as similar
as microh abitats ; (3) species utilizing similar microhabi—
ta ts  have low or no food over lap;  ( 4 )  species w i th  s i m i l a r
diets have low microhabitat overlap values (CX 0.2)
(5) there are some exceptions to the above ; (6) at  least
some of these differences also characterize predatory
gastropods similar to (1~ooa,2 in size and population density
but belonging to the families Muricidae and Mitridae .

The question , what specific attributes of habitats de-
termine species divers ity and population density , has
been posed in two distinct reef habitat types. In inter-
tidal benches with very low topographic habitat complexity ,
the presence of refuges from harsh physical conditions , and
perhaps from predation , strongly influences population den-
sity and species richness of both : , t o . ’ and other predatory
gastropods . This has been demonstrated both by correlation
analysis and by experimentally increasing habitat complexity

I ~5



by adding suitable artificial refuges .
Subtidal reef platforms are environments which are

topographically more complex , physically more beni gn , and
patchier than intertidal benches . Because many patches are
microhabit~its unsuitable for predators- gastropods , popula-
tions are much less dense , but species divers ity is highe r .
Preliminary analyses indicate that nsa population density
and ssecies richness are directly related to the proportion
of substratum consisting of algal turf binding a thin layer
of sand , and i nve r se ly  re la ted  to propor t ion  of l i v ing
coral  cover .  Microhab i ta t  selection probably depends both
on food availability and avoidance of unsuitable substratum.

The biogenic habitat structure of coral reefs thus
profoundly affects the food subwebs in which gastropods
are nrimary carnivores.
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MORPHOMETRIC AND ECOLOGICAL DIFFERENCES BETWEEN
GEOGRAPHICALLY SEPARATED POPULATiONS OF THE GA:;TROPOD

MI Lid RI.U

Alan 3. Kohn
Department of Zoology

Univers i ty of Washington
Seattle , Washington Th195

Throughout most of the tropical Indo-West Pacific
region the small predatory gastropod Con:~: n,L 1 ‘ 0 ! ’  ‘ a occurs
commonly in intertidal and shal low subti dal cora l r e - ro t
habitats , which it typically shares with 4-20 congeneric
species. However at Easter Island , the most isolated island
in the Pacific Ocean , only S. m i l i a r i s  and a recently dis-
covered and evidently rare species represent the genus .
Discovery of a habitat supporting only one of a group of
similar species that typically co—occur throughout their
geographic range provides the opportunity to seek answers
to several ques tions of broad evolu tionary and ecological
interest:

1) I-low does the isolated population differ morpholo-
gically from more central populations of the same species ,
and do such differences suggest the geographic orig in of
the isolate?

Development of a morphornetric mode l of the Utnaa shell
has permitted objective analysis of taxonomically important
characters . Shells of Easter Island C. ~-: L l L z r,s differ
significantly from those from two eastern Polynesia loca-
tions with respect to 7 of 9 characters ; the two Polynesia
samples do not dif f er significantly from each other with
respect to any . Analysis of shell color by reflectance
spectrophotometry also distinguishes Easter Island S.
iaris from those from more central Indo-West Pacific

• localities . Morphometric analyses of radula teeth revealed
no significant differences in tooth proportions between
Easter Island samples and those from several central local-
ities , but Easter Island specimens have significantly small-
er teeth in proportion to shell length than any of the other
populations sampled.
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.1) h as directional selection acting on a small founding
1 - ’ l ) p u l a t  ion re su l t ed  i n eco log ical d i sp lacement  in response
‘01 environmental challenges different from those in the
l l , t i ’ i t a t  of the source p o p u l a t i on ?

At U a st er  i s l and  as elsewhere , a’. -- ‘ 1 :‘ z o C c  feed s ex—
clus ivel’i on p o i y ch a e te  a n n e l i d s . Howeve r , 7 species o f
pol y c hee t es o tt en  r a re ly or not at a l l  by S. -‘i i 1 r~~~~ ’ hr else—
-,~‘here comprise 79~ of i ts  diet  at Easter Island. This
s cop o r t s  the hypothes i s  t ha t  . oi 1 7 n’ : ’ .r has been
.‘col clqi cail y disp laced in response to d i f f e r e n t  ava i lab le
resources at Easter Island.

3) Has the i so la ted  popu la t ion  expanded i ts ecological
characteristics in the absence of congeneric potential
co mp e t i t or s?

The depth range of ‘
~~ -‘::‘l ’ .~’ 

‘
.‘ at Easter  I s l and  is

‘greate r , and its die t  more diverse , than in more cen t ra l
localities where it occurs with several to many corigeners ,
providing evidence for ecological release.

4) Is any such expansion directed toward resources
that the absent congeners would be expected to utilize?

Several poiychaete species preyed on by 5~ 
r~

at Easter Island but not elsewhere are important components
of the diets of other Conoi . species in the central m dc-

~est Pacific region. This indicates that some of the
ecological expansion of C. s•~l ohn1a at Easter Island is
directed toward resources that absent congeners would be
expected to utilize were they present , or if they should
colonize the island in the future .
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TIlE A P P L I C A T I ON OF AN 1 I Ir I I 3 L N T I I I C  C lM1~UN t r Y  MODE l ,

p 1 I I .  5 . rr l  en
aJ- .~- U ni - ,- r o i t - .r M.~r in, - i , , i U ’r r ~~ l r r - ,’
t-.’ ,pi~or’ . Nr ,r t h i  C i r , 1  105  285l~ .

The cp ibe n ch i c , fouling communi ty at B e a u f o r t , N o r t h
Carolina , has been unde r study since the fail of 1970 so
the present t ime . In con 1 un ,-r~~on with two field studies ,
one using settling olates and the o th e r  u s in g  p i l i ngs as
artificial substrates , a community model was developed to
include certain phenomena which are Ini gue to epibenthic
communities of sessile organisms . These -ire stochasttc
r e c r u i t m e n t  processes which  r e su l t  i n  nonuniform spatial
patterns in species abundance. The probabilistic nature of
settlement site selection within physically homogeneous
habitats is most important fo r  those  species with low re—
cruitment rates where only a few l a rv ae  w i l l  s u c c e s s f u l ly
se t t l e .  Sett lement in these cases is highly conditional
upon the a v a i l a b i l i t y  of the appropriate substrate in
su f f i c i e n t  q u a n t i t i e s .  The ac tua l  posi t i on  of the settle-
ment site , relative to the rocsltson of  the other species
in the community , provides another stochastic feature whL ch

• can influence community structare . The spa~~i il separation
of potential substrate competttors can result in t i m e  de-
lays in the expression of competitive dominance as well as
complete isolation of these competitors .

During execution of the epibenthic community mode l ,
stochastic recruitment , by nine species selected from the
Beaufort fouling corrirnunity , was simulated using relative
recrui tment rates obtained from field data . Settlement
s i tes  w i t h i n  a one—dimens iona l , s p a t i al  a r r ay  were randomi--
determined . The recrui tment and gr o w t h  rates were r o th
scaled in time and space. Growth along t h e  srtatl~~1 array ,

I i ’ . away fria r the settlement sites , resulted in competitive
1~ encounters . Field over?rowtb c:lata were used to determine

the structure of a competitive hierarchy . Field observa-
t i ons  on i n t e n s i t y  and se l ec t iv ot y  of p r eda t ion by sea
urch ins  provided the onl y source of mor t a l i t y  or species
elimination from the spatial array .

Simulated experiments were conducted where intensity
and selectivity of the predatory disturbance were varied.
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I n the absence of an y  pr~ ’iI ut ion , t he  supe r ior compet i to rs
(t h e  spo nges , ii :1 a z and S I I -, n: /.‘i and t l ie  s o l i ta r y
tunicate , S~~~a 1~~) were most abundant . As generalized
predation intensity increased , ~ s :;a :9 ’’ - I i  ~ became mostp r e v a l e n t .  This encrusting bryozoan had a high recruitment
ra te  an d w as o f t e n  obse rv ed i n t he  f i e l d  to settie quick ly
and monopolize newly submerged settling plates. When the
predation process was modified so as to exclude elimination
of the hydroid , / / ,  It- : ‘f: ’ ; 1: , high predation intensity
selectively favored this species . Field studies have in-
dicated that this hydroid is commonly found on pilings
where  sea ur chi n s ha ve crea t ed su f f ic i e n t  pr imary su b s t r a t e
fo r 5 -  h ’ ; ‘t i n i a  s e t t l emen t .  ~i . d i  : - f  i n ’ had a very low
recruitment rate and was very rare on undisturbed sub-
strates. In addition , it was usually found to be not
suscep t ib le  to sea urchin  p reda t ion  on the a r t i f i c i a l  p i l i n g
substrates .

This mode l has provided a d d i t i o n a l  evidence regard ing
the mechanisms which favor  !i ” d r z ’ t , ’ n lcz  in the Beaufo r t
fouling community . It  has demonstrated the i n t e r r e l a t i o n -
ships among predation , competition , and recruitment pro-
cesses in determining community structure . Current plans
are to expand the model to two dimensions and then to apply
it to other epibenthic communities . This model is unique ly
suited to analyze the relative effects of complex competi-
tive relationships (e.g., networks) and the stochastic
recruitment processes which have been reported to be import-
ant in certain tropical , reef communities .
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M A I N T E N A N C E  F D I ’ ;E R S I T Y  I N  CRYPTIC CORAL REEF C O M M L N I T I E S

j .n .C. Jackson
- tr nt of 1 t t it } i  and I’l~ i:et.~ iy t:IeXI C S

:h1 Jcnns Hopkins U n i v e r s i t y
~‘ , Mary land 21218

Most of the h a r d  s u b s t r a t e  s u r f a c e  area of coral r e e f s
lies w i t h i n  c rev ices  and o ther  cav i t i e s  of the  reef f r a me-
work . The most common of these cryptic substrates on Car:b-
bean fore—reef slopes are the exposed skeletal undersurfacer ‘

of fo l i ac ious  cor a l s  such as d j z : ” ’ ’; ’ a , 7 a t o ~ ~~~ : , 0’ . ‘ .o -

:, ‘ ‘ :
‘
:, and some P~- !’i~~~. - . These substrates support a

highly diverse encrusting fauna of some 300-500 sPecies .
Sponges , ectoprocts , colonial ascidians , and ccrai ’inn
algae occupy the largest proportion of t he  a-; a~~la b le  s -aD-
strate. Free space is almost entirel y iack~ ng (mrx ~~mom
1-5%) and d i rec t  compet i t ive  tn t e r a c t~~ons fo r s~~ace (in’er-
fc-rence competition) are intense. Virteal -- a vc r’- -~rora
undersurface exhibits numerous examp les of ‘5v ercr~ w sh  ot
some species by others .

Exper imen ta l  s tudies  on the  rock y i nse r t  :d. l sh~~r ;
have demonstrated that , in the absence of c1istjrL~~r .ce , sat-
strates  become dominated  by one or a few species. 1I~~gh er
d ivers i ty  resul ts  f rom the in t roduc t ion  of a d i s tu r i anc e ,
either in the form of predation or physical proc sses ,
which makes free space available for inferior competstors .
This model for maintenance of a given level of diversisy is
dependent on a ranked hierarchy of interference competitive
ability (Species A > Species B > Species C and Spec:es A >
Species C) coupled with the maximum effects of disturb aro a-
operating upon the competitively dominant Species A.

In the cryptic reef system no obvious disturbance agent
is apparent , yet the high diversity is maintained . The
existence of specific competition mechanisms provides a
possible explanation of this alternative community behavior.
Preliminary experiments demonstrate the existence of sponge
toxins (allelochemicals) capable of halting feeding or
causing mortality of ectoprocts. Circumstantial evidence
suggests allelochemical interactions exist among all other
major colonial animal groups on the reef. Allelochem ical
effects appear quite specific as no sponge causes rnor ta1 it~
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or cessa t~~ , r i  of t . t - i L r I g  i n  all ec-tn~ r c t . sp e l t - s  subjt -te -1
to  the spun; .-

E x i s t ~ - i ic ~’ o~ 5y;- ’ L j i C  com~- -t j t o n  r n - - H ~~~r i s m s  S U ’ ) n u t S
an  :iltcrrri t iv but - u:::,lemturtar’1 mode l for ma~ nt -nire’e - f
div - r i  ty in  s D - a c - ’—  r i o t _ed : ;y s t r - n : .  i n  rh o absr-nrre of h i~~h
le vels  o~ O i  a t _ s r i  an-ce . The t ind ; l r ’ ; u i res tha t  in ’ : r f r ’ n - ro c

- -  - i ti ’:- a; I i  t y  at space—occupy in~ or g a n i s m s  does riot
fol  I a si n : o i~ l in e a r- r a n k e d  i i . t e r , ir c i -tv . S uch syst ems  may
in s  s -ad b~: sr r,~-at ore- i Dv competiti v t  ~1 r  t , v u r k s  ( Sp e c i e s  I. >

Spec tes P > ,~pecies C but Species C > Skia n i i  s A) as opposed
to comD r -tl tive hierarchies.

Tue more spea-~ r- s and the more i: om -mou s and n- -rr p l ex
tn~ corrop t i ti ve  ri - . .~-ks of any such st’s t. n; , t h n n  tue slower
will space tend to be o;cupied by a s i n g le c o m p e t i t i v e -
dominant , and the lsSS the amount  of o x t e i n a l  d i s t u r b a n c e
r;ecessarv to mainta ~ . a gi’.aon level of divers i ty within the
system. Research this summer has demonstrated that com—
pO t ltLve networks are present in  both cryptic and exposed
reef environments . The major question that now emerges is
wh’ are some sy stems characterized by l i n e a r  h i e r a r ch i e s
and other s by networks .
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TUE IMPORTANCE OF STRUCTURA L H E T E R O G E N E I T Y
IN A M A R I N E  IN F A U N A L  SYSTEM

- . 1Ann Wui , l i n
- 5 0  1 or ; :; I at f a r t  ii I- l an e t  a r y  uc h -r n - s

it J o h n s  1 f o p . i r a ;  U p i v  r si t ;y
- i  it l on er - , ~t lX\ ’ 150;1l _ J l , J1H

The distribution and abundance of an infaunal ass -rn-
blage located intertidall y (—0.03 m t i d a l  h e ig h t)  i n  J’ - ;; ; ’ s
cove , Assateague Island , Virg inia was investigat ed. Samp les
were taken monthly from March 1974 to October 1975. The
assemblage is dominated numerically and taxonomicall y b y
polychaete annelids . The numerically dominant species are
members of the families Spionidae ( ‘~~[o spp. and c
1. -ac .

‘ ‘f~~) , Chaetopteridae (o p :• o --I ;e~ o -  leo ’ - - - o ‘ Za~ .- )  , ar i d
C i r r a t u l i d a e  ( ,

~~ z o’ - ,o’ ; ‘ur :er) . 5 - i c :  a~ r- -
, a 0 ‘ ‘ : , 001 o n u s h i

poly chaete , is Lhe most conspicuous organism due t o  i’ -

size a r l  large e p i f a u n a l  tube  cap.  To determine t h e  e t f -
of Div a ~ - ‘  on the  remainder  of the in f a u n a , sa mp les wer-
t a k-r i from areas with and without S ‘a: i t - ’ : . The t ube  cap
was sampled separatel y. The abundance of infauna incr - ises
signific antl y ,-,‘ith increases in the abundance of SPa t- it ” : .
Samples taken in a concentric ring design showed that this
increase was restricted to the inner 3.01 m2 x 16 cm sample.
To separate the effect of the worm , Di z~~ - a , from that of
its tube and tube cap, artificial high density (6/0.01 m2)

areas were created using a combination of stakes
and plastic straws . The straws were bent and placed on
stakes in the sediment in 0.01 m2 areas without ::‘o:~~”

,-’
After 5 months the infaunal abundances in these areas were
not significantly different from abundances in natur al area;:
with identical densities of real : ‘o- ;~~~ci . Thus , the effect
is du- :’ to the presence of the tube , not the worm .

Predator exclosures were used to test the hypothesis
0- that the si gnificant increase in infaunal aoundance with

the presence of D i o p .- ’ i’c tubes was due to a reduction in

~‘This research was supported in part Li.’ NSF Grant no.
GA—426l1 .
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predation pressure. No si gnificant differences w - r  ob-
served among infaunal densities in the sidelciss :xclosures ,
topless exclosures, and control areas . Infaunal abundances
increi sod significantl y, however , within t he  comp l e t e l y
enclosed areas relative t o  den sit i e s  in the c o n t r o l  areas;
the differences in dens i ty due to presence or absence of
- 

‘
Q.’ - i ’ t ’ i disappeared . This was not true of exclosures that

failed to exclude the main predator , ‘- a L L ’ a. ‘ e;’ ‘ -a ; i d , .
The si gnificant increase in infaunal abundances with hi gh
den- o it ies (6/0.01 m2) of :c~ Z i  0 - ‘ 0  !‘ - - i , the n , is d ue to
the- p r e s e n c e  of the tube , not the worm , and to reductions in

~rcdation pressure associated with the presence of the tube .
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STRUCTURE OF TWO SOFT-BOTTOM , ULT RA —ABYSSAL COMMUNITIES

Robert R. H~-nsler
Scri pps I n s t i tu t io n  of iJ -an ograpk iy
La Jolla, California a,t-j93

I n the la st f ive y ears , th e deep-sea ben thic  program
at  Scripps I n s t i t u t i o n  of Oceanography has  had the  oppor-
tunity of sampling ultra-abyssal sediment ponds in the
axes of two trenches : the Aleutian Trench at 7300 meters ,
a nd th e P h i l ipp ine Trench at 9600  m. Unlike most programs
in the past , we ha ve concentra ted  on s m a l l - s c a l e  s ampl ing
devices , which  emphasi z e th e interactions of individuals —

rather than populations. While the samples are few , they
reveal conditions that are sufficiently clear-cut to
warrant discussion.

A 0.25 m2 box core from the Aleutian Trench displayed
a standing crop as high (1272 ind./m2) as is found at
bathyal depths along continental margins . The species
diversity of this sample is very low , much lower than is
typical for other deep-sea communities . These features

• can be explained in terms of food supply and environmental
stability , which are factors that have been strong ly impli—
cated in the control of deep-sea communities in general.
The hi gh standing crop is a result of the high regional
productivity of overlying waters . The low diversity is most
probably an outcome of the highly unstable sedimentary
reg~me , where frequent seismic activity interacts with a
high sedimentation rate to produce sporadic , catastrophic
deposition at a rate which is hi gh compared to the recovery
time of the community .

The Ph i lippine Trench samples also display low dive r-
sity, and sedimentoloq i -al core-s show repeated graded bed-
ding as documentation of the unstable depositional condi-
tions . Here standing crori is much lower , reflecting a

p lower nutrient in~)ut which results either from lower sur-
face productivity or t b - y r - i t  d ep t h  of w a t e r .

The taxonomic composition of the Aleutian Trench sam-
ple shows unusual rela t iv 11 01; t _ i- - e ot 1 -elacophorans ,

o enteropneusts and echiurids , com~ .er --J to - t h &- r St ep—sea
com1nunities . Echiurids ire al5o it_ u sually abunrant in the
Philippine Trench . Too l i t t le  ~s k o - -,co of t h e  autecology
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of these taxa to explain these relationships .
Baited camera and t r ap sa mp les f r o m the  P h i l i pp ine

Trench show another unusua l aspect of taxonomic composi—
t ion at ul  r a - a byssa l  depth s. Tremendous numbers  of amp hi-

- 
pods were  at t r a c t e d  to the  dead f i s h  used as b a i t . Thi s

o stands in contrast to abyssal and bathyal depths~ where
- f i s h  and decapods comprise the major portion of the Liomass

which is attracted. Once again , there is no ready explana-
tion for this diffare’ria’ c’. I t  is always possible that the
great hydrostatic pressure has an adverse effect on fish
and decapods . However , there is also the possibility that
the amphipods have gained a strong selective advantage from
a shift in the nature of the food supply .
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~\ COMPARISON OF’ EAST AND WEST COAST POPULATIONS OF A
NUDIBRANCIL—ANEMONE ASSOCIATION WITH EMPHASIS ON i - ORA l~ I N G
STRATEGIES AN D TU E IhFLUENCE OF E N V l k o N~1I-~NTAL S T AB I L I ’ i ’:’

Larry 5. Harr i s
Depar tment  of Zoology

Univ -rn i ty  of New Hampshire
Durham , New I l amp sha re O2o ~24

The anemone-eating nudibranch Ae-o L ’ - :: :ir~~~l- - .- .a is
found associated with subtidal populations of the acont :- ~t- 

-

anemone “- - I t - i  : ‘act ‘coLic along the Atlantic and Pacific
coasts of t i e  United States. There are striking dif f -  rcr :ces
in the  dy - t a m i c s  of east and west coast populations of
4 c i  ‘Jic w h i c h  in turn influence the population structure
of 5’- r : o - :’ - :‘ - o-- . East coast populations of -h . :
un-Jargo large seasonal fluctuations with hi gh numbers of
adult individuals present through the winter and mcst r-.
duction occurring in the spring . The decline of A~~o !i iL -a
populations is correlated with increased foraging by crabs
and bottom—feeding fishes . 5- - L t c - h’ s”: or - ~1. has an effec-
t i ve  defensive response to S c o ’ liL’a predation in the -x t r - .-
sian of nematocyst—bearing acontia; the defensive response

- - is directly correlated to the damage caused by t h e  attacking
nudibranch. Young ih:-oi- ’ : ‘c initiall y attack large anemones
and shift to smaller anemones when the response froir large-
ar1emones becomes too intense. The result of the foraging
strategy of S ;ot-id i o is tha t  on ly la r ge an emones whi;’h are
relatively immune to attack survive outside of aggregations
and ‘

~~ t0- -:’JL art populations typically consist of large soli-
tary individuals and aggregates of large and small indivi-
duals.

West coast populations of Seal - 
- 

- are nonseasonal
with reproduction occurring throughout the year. Popula-
tions of Ae o I - ’ iia are dorrirated by young nonreproductive
individuals as is typical of a predation-regulated popula-
tion. West coast 7. ton ’ : ‘ a-’ populations are less tightly

p 
aggregated and the mean size of the anemones is smaller ,
suggesting that /ieoZi.iia populations are suppressed by pre-
dation below that which would seriously affect ~~

‘- a:’ a. ’ - ri
populations .

Laboratory studies have shown tha t  S.  p i: -i ia.’ a prefers
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to eat  most temperate  anemone species over ‘-1 i z ’ i d L  ~4t’ , ‘ - toil
However , l~~rye populations of S oo li  -~ 

-‘ .z are found only in
association with 1, . 0 0  .~i lm .  It is suggested that preferred
anemone species utilize one or more escape mechanisms such
as intertidal distribution , solitary habit and/or act -,’e
escape responses which have made it evolutionarily i opyssi_
b ie  for ,-iC ~

) ‘ : ‘a to develop a larval preference for th ise
preferred anemones over the common , aggregated , subtid-’,l
.7. - t I ’ a t- - ‘ ‘ 0 I t -  10 - t a

East and west coast populations of A e - o l : ’ .- ‘ a are
predator controlled. Populations in the high ly seasonit-l ,
low diversity east coast communities show regular but ex-
treme oscu lations. In contrast , west coast populations
are much more stable and the community structure is more
complex and shows less seasonal variation . The results
of this comparative study are cited as evidence for the
validity of the Stability—Time Hypothesis. It is also aug-
gested that there is an inverse correlation between communi-
ty resilience and community complexity .
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ECOLOGICAL IMPLICATIONS OF PATTERNS OF ROCKY
INTERTIDAL COMMUNITY STRUCTURE AND BEHAVIOR

ALON G AN E N V I R O N t I I - N TAL GRADI EN T

to ru 0 - : ’  A .  M a
De~- 1 r t m - I .  of Biel og’.-’

l. rl v ersjt y :-f Man :: -;; ‘r ~ - -

Boston , M~~e :achruo; -Lts °t~ t .5

Much c u r r e n t  ecological research is aimed at under-
standing how community structure arises and persists. Two
key problem areas in this quest are (1) suecies Ji-jersit-,
gradients , and (2) community stability. I -Jiscurs a graphic
model which suorjc’sts that species diversity oat  t e r ns  a l o n g
environmental gradients are a function of both competitive
:nteractions (among species in the tn-p trcnhic level) and
predation (acting on species in the lower trophic l ev e l s)  -

The relative over-all importance of t tase interactions on
communi ty structure is inversely correlated and -ti e ends on
environmental rigor. In rigorous (relatively variable ,
unpredictable , stressful) environments , trophic str~ cture is
simp le (few trophic levels) and competItion has the greatest
effect on community structure. In more benign (less vari-
able , more predictable , non—stressful) environments , trop h i c
structure is more complex because the physiolog ically more
delicate predators are not as inhibited by the physical
environment. In such communities predation has the grea te s t
overall effect on community structure and coritac totion is
important in o r g a n i z i n g  gu i lds  of top p reda to r s .  In t he
most s t r u c t u r a l l y  and trophicallv complex communities , com-
petition may also have an importan t regulatory effect at
the lowest trophic levels because species at these levels
appear to escape control by their (middle level) predatn-rs ,
who in turn are controlled by the top predators. Exueri-
ments supporting the predictions of this modrl , mostl y
from rocky intertidal systems , are briefly discussed .

Communities occurring in highly stable physical en’,- iron-
ments are thought to have high persistence stability and low
adjustment stability , while communities in unstable environ-
ments theoretically have low persistence and high resilience.
Data from the New England rocky intertidal are presented
which seem to support these hypotheses. I suggest that
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these patterns of community behavior result from (1) differ-
ences in life history characteristics of structurally
dominant species , and (2) differences in the intensity of
biological interactions , especially those between consumers
and their prey . Thus , communities in unstable e - r i v i r o n r e-- t. ta.
have relatively high resilience but low persistence bc:c,t as-
the structurally dominant species are relatively oppor tulo is-
tic (early maturing , short—lived , fast growing , high re-
cruitment rates) and are unaffected by predation .
Communities in stable environments have low resilienc e- b at
high persistence because the structurall y dominant sped ’s
are  r e l a t i v e l y  longevous  ( l a t e  m a t u r in g ,  lon g — l i v e d , slow
growing, low recruitment rates) and predation intens it-0- is
intense and chronic , greatly reducing the frequency of
escapes by the structural dorninants.
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