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Abstract

Levels of genetic polymorphisam are estimated for natural
populations of the sponges Hafichondria panicen, Mycale mac-
ilenita, Suherites subereus, and two species of Suherites * ficw™ from
the Irish sea. The animals were analyzed by horizontal
starch gel electrophoresis and siaining for specific enzymes.
A total ol B enzyme loci covering 18 diflerent ENEYIMEs were
detected over the five populations siudied. Between 50 and
T3% of the enzyme loci were polymorphic in each species,
and levels o mean heterneygosite varied fram 0, 165 (. firs
te 0,335 (5. suberens). These levels are high when com pared
with values normally obtained lor most animals or plants,
but compare well with heterogvoosities found in marine
cridarians and some maollusks, Possible relationships be-
tween levels of genetic variation and random Eeneiic pro-
cesses of cnvironmental factors are discussed,

A basic premise of the theary of evelution is that Eenetic
variation exists within natural populations. Without this
variation there wontiled be i iile SC0pe lor the acton of natu-
ral selection, genetie drift, or other evolutionary pro-
cesses, However, the real magnitude of that variation was
not fully appreciated until researchers began w use elee-
trophoretic wechnigques to estimarte genetic polymorphism.
The main advantage of clecirophoresis over other (non-
biachemical) wehniques in this application is that electro-
phoresis makes it possible 1o cirectly deteet variation in
products of single chosen gene loei in individual animals
or plants { Lewontin, 1974 Avala, 1976: Ferguson, [980).
Furthermore, samples of populations or groups of individ-
uals can be readily investigated over a substantial number
of loci: the estimates obtained are swatistically fairly robust
and ot much aflecied by the Si:]rnph* size (Neroand
Roychoudbury, 1974, Nei, 1978: Gorman and Renzi,
Iﬂ?'.']]. Ulselul results can therefore be obitained even from
uncommon species for which enly small sample sizes may
b availahle.
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GENETIC VARIATION IN MARINE EPONGES

Data on the levels of genetic variability in natral popu-
lations of & wide varicry of crganiama have been available
for many vears, A notable featwre of findings 10 date is
that, irrespective of the species involved, levels of genetic
variability arcgoenerally similar, withina limited range, in
the vast majority of populations {see reviews, eg, of
FPowell, L975; Selander, 1976; Nevo, 1978; Burton, [983).
Among both animal and plant populations, the propor-
tion of loci polymorphic (7)) generally falle wichin the
range 0. 10-1(0.30 while mean heterozyveosity per locus {fi’]
varies from about 0,02 1w 0,13, The comprehensive survey
by Newvo (1978: table 1) {‘\e:\.‘llri:rlg 2277 pqp-ulatians sprcad_
over 343 specics of vertebrates, inverwebrates, and plants
records only four heteroeygosity cstimates greater than
(.23, the highest being 0.309 (from the bisexual par-
thenogenic weevil itrrfinchus ceaber, Soumalainen and
Saura, 1973} Very low A values are uncommon and are
(prediciably) regquently linked toovery low population siee
{c.g., Sclander and Kaufman, 1973 Bomnell and Se-
lander, 1974). However, H values greater than 0.3 are
considerably rarer, and we know only of three published
studivs giving such data: the recent work of Rine and
Pashtan (1982} on Red Sea populations of two species of
the marine gastropod Cerithinm (in which H values are
around (L6), of Beaumont and Beveridge {1984) on the
hivalve Chlomis diniorta (.ﬁ_f = (L3201, and of Solé-Cava et
al. {19485) on sea ancmones of the genus Urticing |:H' -
L41-0.44),

Mo heterozyvgosity estimates are available for Porilera;
the few electrophoretic studies that have been carried oul
an spongrs tadate cither do not include & genetic inerpre-
tation of the resulis (e, Connes ot al., 1974 Urbanega
and Lin, 19315 Hooper, this volume) or use oo fow boc for
reaningful heterseymosity cstimates, although the nam-
bers are adequate for biochemical taxonomic comparisoen
(.., Sard, this volume).

]I'i lliliH F!;ll)l."]' Wl E!I!"I:”:I\filll." L':sl;lﬂul,-e:x 1|J"|4'1.'|"|:. ::r g!*ng_'li:;
vitriatien in five commeon speeics of marine sponge.

Materials and Methods

Halichondvia panicen {Pallas) was collected from low in the

interticlal zone at Port St Mary Ledges, Por 51 Mary,

Isle af Man. Suberites of. fear (Johnston} species A, 5, of,
_.ﬁ'ﬂrﬂ I:]ulmslun!l :ipt.‘:l:jq‘el E, 5 suberens Uuhrl.xl.uul, and .‘f}h
cale mucitenéa {Bowerbank) were collected by dredging at
10=30 m off Pory Erin, sle of Man (northern Trish Sea) by
the Liverpool University research vessel Cuma (Tor further
information on the three Suberiies species, see Solé-Cava
and '|1|1l::l|'|:|!!, 10BE),

Samples were analyzed immediately alter eollection. To
svaid diluting the enzymes during extraction, we homoge-
Nized the sumples withoue any betfer. Homogenized same-
ples were analyeed by herizontal starch {12.5%) gel elec-
tropharesis, Several buller systems were tried, but the heat
o fot Spange o, )04
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results in terms of enzyvme activity and resolution were all
ohtained using a tris-citric acid pH 8.0 svstem from Ward
and Beardmore (1977). [Composition of the electrode
buffer was 30.3 g wris + 12.0 g citric acid + 1000 ml
distilled water; the gel buffer consisted of 38.3 ml of elecs
troade buffer diluted to 1000 ml with discilled water.)

The staining of the gels followed standard procedures
[Shaw and Prasad, 1970; Harns and Hopkinson, 1978).
Enzyme nomenclature follows that of Harris and Hopkin-
son | 1978

All samples were analyeed for 23 enzymes, but no ac-
tivity could be obtained for octanol dehydrogenase (E.C,
L.LL1), aldolase (E.C. 4.1.2.13), leucine aminopeptidase
(E.C. 3.4.1.1), superoxide dismutase (E.C. L1511}, or
aconitase (E.C. +.2.1.3). The other 18 enzymes (Table 1)
cach gave usefil results for at least anc of the populations
stuclicd.

Otbserved heterozygosity for cach locus was caleulated
as the proportion of idividuals in the sample hetero-
aygous for that locus {ie., number of heterozygotes/ wotal
number of genotypesh. Expected heterozygosity per locus
was calewlated ais | — 2%, where xis the frequency of the
i allele i the locus §. Heterozvgosities for each species

Table 1. Calculated hetarozygosities [or each of the studied loci in
five !~||1m1 species {ma = o activity observed, He = the mean
caleulated heterosygosaty for each species)

--':frr.-'-i-ck;';urfn'r.;- -l'-lf_l'ﬂ'-lfi" Subpitey  Subentes  Suberres

Locus roarivaea rpeidemig fows A fios B siberens
ak 0.zin na na na n
aldon i 444 1] 06 (1]
cal 0198 L1l (375 {180 431
estl nia ] e M2 7m
estZ | ma ] L1580 24 na
fum 0 {245 29 o o117
gh | oo i na [iE 0561
[} i L] L] 1 i
. | (L275 235 nin? ] L]
EEJ.E il ni i = na

il 4l 218 il 124 [l g
hk.2 0,475 na ni (1] na
idh ik L 1219 1444 0431
mlh I'I i i o 0225
me i3 459 nu na na
e niL L1} a0s 10,203 [N
peg. | LA 248 L] (TR} L]
pep.2 0153 na fisl il i
ped 424 Ll L1 L3085 0492
pei. 1 ni 459 L] ] ]
pi.2 nik L 40 423l 04%)
pgm. L LT 520 1L5710 0420 Gl
pym.2 nix {150} (L1710 0549 0398
xod 1,204 ] LINN ) 0 27
He |o0x 189 L1658 (L 0535

Emrymes anghved arc: sdonylale kinase {ak, E,C. 27430 aldekyde coddase {ald,
E.C 12130, caladise (o, ELCL LT Lo, csterases esi, BLC 3 1L 1), fumarase (fom,
E.C 4511k petamaiv dehydroge naso (pdh, E.C. [ALY), gluiamae-ominaoetae
Iransammass (gog, E.C. 14.1.1), gleerophasphste debpdrogenzse {gpd, EC. LLLER,
hesokinase (hk, EC 2T LL), mociirase debvdrogenae (=dh, BC 1.1.142), malse
duhpdrogeeace {mdb, £ 11137, malke ennyme (me, E.C 1,015}, susnosephoi-
phate isomerase (mpi, EC. 3308), pepiiase {pep, EC, 34.10-17.-), f-phos-
phogloconaic dehydvogenase (pgd, EC. 1L1 43), phosphoglucose somenne [pi,
B.C 33,19, phosphoghucomretace (pgm, E.C, 2751}, asd 2mthinc oaidise (sl
oty s e
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ane presented as the arithmetic means of the valees ob-
tained over all loci studicd For that species (see Nei, 1975),
Anther measure of genetic variation used here is the
proportien of loci pelymorphic, £, expressed as a peroent-
age of loct for which the frequency of the commonest allele
wits lower than 93% [Py g.) or lower than 99% (£, .0

Resulis

A total of 86 eneyme loci as dewected over the five species
stucdied (Table 1), A least 16 loci were analyzed for each
species, and the mean number of individuals studied per
lcus for each species ranged from 7 to 18 (Table 2}, The
numbers of loci and individuals were based on the nume-
bers recommended by Gorman and Bena { 1979) for the
eslimation of genetic variation in natural populations,

Discussion

The hewerogvgosity levels {Table 21 observed for the five
specics of sponges studied here were very high in com-
parison with values normally observed for other animals
and plamts {sec, g, Nevo, 1978), Interestingly, all the
sponges stuclicel-even the more polymorphic species of
Cerithium, Chlamye, and rticing (Ritte and Pashian, 982
Beaumont and Beveridge, 1984; Solé-Cava et al., 1985)-
are manne vertebrates. Newvo [ 1978) Lsts 14 (ouc ol 243)
studies in which heteroevgosity values exceeded (.2 one
of these is on a plant, seven are on inseces (mamly frose
afhifi), and six on marine inverebrares (Avala et al.,
1973, 1975; Manwell, 1973 Camphell ecal., 1975; Valen-
tine and Avala, 1976). M our data and those of Rite and
Pashtan (1982}, Beaumont and Beveridee (19684), and
Solé-Cawva et al., [1983] are included, most species known
to have heternsygosites greater than 0.2 and all those
considerably higher than (13 appear te be marine inverte-
brates. This is surely remarkable i that only a minoricy
{29,243 from table | in Nevo, 1978) of the vast number of

Tahle 2. Genetic vasiation in five sptln%c species (ni =
mean nurtber of individuals analyzed per locus, nl = num-
her of loci ;|1'|.;1|:.r_;-_|:d_ Peonsy = proportion nl'-pnlym::rphifiucl
in the sample, Ho = mean observed beteroevgnsity, He =
mezn expected heterozyeasity; & and o = mean and stand-
ard devidtbon of Praos, Ho zrd He over abl species studied )

Specics i nl Pass  Ho He
MHialielepmelrc {.Iu'fl.ﬂ:u! I 16 0688 0237 0334
Miyvrade macilenia T I 05 246 0159
Subories fices A 13 1% e6e7 17T (163
Kuherites fices B [l 18 el 215 0090
Suherites sulereis 6 16 075 036F D335
X 0643 0265 0223
a 0094 0071 0eT
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published estimates of heterozygosity are for marine in.
vertehrate speoies,

MNoe, too, that among the marine invercbrates cruses-
Coans on average appear o account for the lowest levels of
hetermeymosity (see Nelsonand Hedgeoork, 19801 whereay
maore primitive organisms with limited mobility—sweh ag
actiniarians | Buckling 1985 Selé-Cava er al, 19835,
brachiopads (Hammond and Poiner, 1984, amd mollusks
(Ritte and Pashtan, 1982; Beaumomt and Beveridge,
1984} —account for the highest heterogy gosities,

Selander and Kawlman (1973) have suggested that het-
crozygosity may be imversely correlated with both the min-
bility and the degree of complexity of an organism. They
note that more mobile specics arc berter able o avoid
ervironmental fuctuations while more comples organ.
istns may be expected o have s greater capacity for home-
astatic control, Therefore the enzymes of such species will
gencrally have less need for genetic variabilivy, which
would enable the eneymes w lunetion successiully onder
maore widely Nucteating inermal environmental condi-
tions. This dea s .-mp.mrmcl: for example, by a negative
correlation between vagility and hewerozygosity in de-
capod crustaceans {Nelson and Hedgeoock, T960), More-
over, there is evidenoe among eleosts, that demersal, spe-
clalized, and less mobile {i.e, narmow miche) species
generally show higher levels of genetie variation than do
pelaric and more generalist species (Smith and  Fujio,
1982],

Thus, heteroeygosity could be related to environmenial
grain (ie., the way one speeies “secs” the environment;
Loevins, ID68), as sllg!_:l'xtnl |y:|.' Valentine ( 1976} and Supe
ported, with slight modifications, by Nevo (1978], Nelson
antd Hedgeonek (L9800, and Smith and Fujio {19462).
Many benthic invertchrates seem w have adopied a
“coarse grain” strategy: that s, they experience the ens
vironment asa mosaic of niche spportunaties rather than a
homegencons entity. For example. manne inverieheates
can he very specialized when it comes o the microbalital
sclected by the larva during sevtlement (Camphell, 1974
Shroeder and Hermans, 1975}, In groups where the larval
seitlement is less specific, as observed in the Porifera [ Fell,
1974; Sard and Vaceler, 1975 Hu'l‘ﬁ-:{uinl, 1078), differ-
ential larval mortality is another way of producing differ-
ential microhabitat colonization (Fell, 1974}, In 2 hetero-
geneous covironment Uhis differential mortality could
produce a selective pressure for diversification of geno-
tepes specialized o particular micraclimatie conditions
anel thus could lead w higher levels of gene polyvmorphism
in the population as a whole,

Nonselectionist “nevtralist” hypotheses are also avail-
able 1o explain the levels of heterorygosity in patural pog-
ulations (Kimura, 1968, 1983), According o newtralise
concepts, populaton s, genetic drilt, and divergence
time are expected 1o be the main dewerminanes of levels of
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GENETIC VARIATION [N MARINE SPONGES

gene polvmorphism. Precise cstimares of population st
are nol available for the sponges studied, Halichondria
panicen is very common under @ wide range of ceological
conditions in all temperate seas and probably represeacs
large populations (Vethaak et al., 1982 Suberites of. fiows A
and & are normally epizoic upon the shells of Chlmmnr spp.
{ Blewarm, 1973; Solé-Cava ot al., [983). Chlamiy are fished
commercially and have large populations in the Insh Sea
and ¢lsewhere, and therefore population sizes for these
pwin Sederiles species may also be large (noce than che spe-
cies of Gl that act as hosts o Seberifer are among the
medluscan species with highest heterozvgosities: Beau-
mont and Beveridge, 1984). 5, rebereus and Mycale magilen-
I, hiwever, seem 1o hivve e smaller pn-pulaL':mu, ar least
in the Trish Sea (Solé-Cava and Thoerpe, unpublished re-
sults), ver their lovels of heterozygosity are as high as those
abscrved lor the ather sponge species (Table 2).
According to the newrralist hypothesig, levels of hetero-
aygosity may he refated to the phylogenetic “age” (Soule,
19727 and 1o the “conservacivencss” {Gorman and Kim,

0.4
A
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[977} of the taxoncmic gn:up—l:lld and conseevative
groups being expected o show higher levels of genetic
variation than younger or more speciose ones. In fact, if
the average expected heterozygositics are plotted against
levels of palvmorphism for all the groups of organisms
cited by Nevo (1978), we find thar the more “primitive”
groups tend 1o show the highest levels of gene varanon
{Figure 1). However, we should not overlook the possibal-
ity that hetermeveosity s related 10 other fctors as well,
such as dilferences in the size or homeostanc cfficicnoy of
each group,

Conclusions

As can be seen from the abowve discussion and some recent
revicws [ Nevo, 1978; Smith and Fujie, 1982; Burton,
1983; Kimura, 1983), various, ofica conflicting, hvpoth-
eses, have been proposed w explain observed variations in
the levels of naterally cccurring genetic polyrmorphism,
Much can be said [ and against cach of these hypothe

JSponges

L]
Coelenterales

s Drosophila

s lnvertebrates

{excl. Insectal

{excl Drosophila)

F"EII.HJ

Figure 1. Levels of genetic vadation, expressed as i percentage of polvmorphise (8 and aversge hetero-
wygosiny (1) in dilferent groops of organisms, DR ohtained from Nevo (POTH) and Solé-Caa e al. (1083)
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cses, but it s very dillicult, because of the nature of the
problem, to test cach suggestion ohjectively. In the case of
marine sponges, & great deal of work still needs w be done,
particularly with regard to population dynamics and ge-
I'mli.f!!t, hcl‘nn: any CIJI'IC'JIJliI.IIIH Can |.'||: (Il‘ﬂwn |:u||.|::|."r||.5|tg
the likely reasons for the obseeved high levels of genetic
vilriakion
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