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Abstract

There has long been doubt as to whether there are one or
two British species of the sea anemone genus Urricina. In
the present study. populations of both putative species.
which occur sympatrically in the Isle of Man, have been
compared by electrophoresis of isozymes and nematocyst
analysis. The analysis of fourteen isozyme loci exhibited a
high genetic identity between the two taxa (/=0.907). but
four loci showed significant differences in gene frequencies:
thus indicating reproductive isolation. The populations
displayed highly significant differences in the sizes of the
various nematocyst types. The individual analysis of data
for each type of nematocyst revealed that the basitrics
from the actinopharynx and from the tentacles contribute
most to the observed difference. Consequently, U. felina
(L.) and U. eques (Gosse) are assumed to be valid species,
as suggested by Manuel (1981). The mean heterozygosities
for each species (0.410 and 0.436. respectively) are the
highest reported for cnidarians.

Introduction

Sea anemones of the genus Urticina Ehrenberg, 1834
(formerly Tealia Gosse. 1858) are very abundant in the
North Atlantic Ocean, from the lower intertidal zone
down to 400 m. They are considered to be boreal-artic and
circumpolar in distribution (Carlgren. 1949: Manuel.
1981). It has been assumed by some authors (Elmhirst and
Sharpe, 1923; Stephenson. 1935: Carlgren. 1949) that this
genus has only one highly polymorphic species. Hand
(1955), however, considered that several of the “varieties”
of the genus were not conspecific. In the most recent
major work on British anthozoans. Manuel (1981) consid-
ered .there to be two valid species, U. felina (L.) and
U. eques (Gosse). The differentiation between U. felina and
U. eques is based principally on colouration (dark in

U. felina, paler in U. eques) and presence of gravel encrus-
tations on the column (abundant in felina but rare or

absent in eques) (Hand. 1955; Manuel. 1981). However.

Elmbhirst and Sharpe (1923) argue that these characters are

extremely variable, and depend on the type of microhabitat |

S

in which the anemone is found. The nematocysts used by

Hand (1955) to differentiate several “species” of Tealia,

were considered by Carlgren (1921) to be variable and of
little or no use-in distinguishing what he considered to be
varieties of a single species. The taxonomic status of the
various morphotypes of Urticina is of considerable signifi- |
cance. since the proper identification of species in such a
common genus is clearly important for meaningful ecology.

The considerable potential of biochemical taxonomy
based upon enzyme electrophoresis has been clear for

some time (see Gottlieb. 1971; Avise, 1974) and has been
used to solve taxonomic problems in a wide variety of

groups (for reviews see Ferguson, 1980; Thorpe, 1982.
1983: Ayala. 1983). Previous biochemical genetic studies
on sea anemones include those on species of Actinia (e.g.

Ottaway and Kirby. 1975; Black and Johnson. 1979; °

Carter and Thorpe. 1981: Orr eral. 1982; Ayre, 1983:

Quicke and Brace. 1983: Haylor et al, 1984), Merridium
(e.g. Hoffman. 1976: Bucklin and Hedgecock. 1982).
Haliplanella (e.g. Shick and Lamb, 1977; Shick eral,
1979). and Bunodosoma (e.g. McCommas and Lester.
1980). From some of the above and other biochemical. .

genetic studies it is clear that many “varieties” of sea

anemone species have proved to be reproductively isolated .
and therefore cannot be conspecific. Whether this problem
is common in anthozoans or perhaps largely restricted to

only a few species is, at present. unclear.
'The objective of the present work was to assess the

population structure of the taxa Urticina felina and -

U. eques that occur sympatrically in the Isle of Man, and
10 try to establish their taxonomic status. The methods
used were enzyme electrophoresis in conjunction with a
detailed study of nematocyst types in the two putative
species. '
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Miaterials and methods

Over the period November 1983—March 1984. 49 speci-
mens of Urticina felina (L.) and 29 specimens of U. eques
(Gosse) were collected by diving in shallow (<10m)
subtidal areas of rocky substratum in the inner part of Port
Erin Bay (Isle of Man). All samples could be easily and
unambiguously assigned to U. felina or to U. eques using
the characters of colour and of abundance and size of
verrucae (see Hand. 1955: Manuel. 1980, 1981). In both
species the size (diameter of expanded oral disc) ranged
approximately from 3 to 7cm. After collection. the sea
anemones were kept in the laboratory in running sea
water and fed regularly with scallop adductor muscle.

For electrophoresis. sections were cut from the sea
anemones to include both oral disc tissue (including
tentacles) and column. Samples were homogenised in not
more than an equal volume of distilled water. The rest of
the sea anemone was divided into two parts. on¢ being
frozen at ~20 °C (for no longer than one week) to be used
for further electrophoresis, and the other stored in 4%
Formalin for nematocyst analysis.

Electrophoresis was by standard horizontal starch-gel
methods (reviews by Brewer, 1970; Harris and Hopkinson,
1978; Ferguson, 1980). Gels used 12.5% starch (Sigma
Chemical Company, Poole, Dorset, England). Extensive
wials were conducted with several buffer systems, principal
among which were a discontinuous histidine/citrate
svstem, pH 8.0 (Brewer, 1970); a discontinuous tris-citrate/

Borate pH 8.3 (Poulik. 1957) and a discontinuous tris-
maleic. pH 7.4 (Carter and Thorpe, 1981). However. a
range of buffers was found to be unnecessary and most of
the results were obtained using a continuous tris-citrate,
pH 8.0 buffer from Ward and Beardmore (1977). (Compo-
sition. electrode buffer: 30.3 g Tris+12.0g citric acid +
1000 ml distilled water; gel buffer: 38.5 ml of electrode
buffer diluted to 1000 ml with distilled water). An excep-
tion was Aconitase, which was run on a continuous tris-
citrate. pH 7.0 buffer (Brewer. 1970).

The staining of the gels followed standard procedures,
using recipes from Shaw and Prasad (1970) and Harris and
Hopkinson (1978). Enzyme nomenclature is in accordance
with Harris and Hopkinson (1978).

The nematocyst types were identified as basitrics,
spirocysts and microbasics following the terminology of
Carlgren (1949) and Hand (1955). Ten to fifty nematocysts
of each type were measured in macerated samples of each
of three tissues (mesenteric filaments. actinopharynx and
tentacles) from ten individuals of each species.

Results
Genetic analysis
Allele frequencies for the loci studied in Urticina felina

and U. eques are presented in Table 1. Apart from the
locus Pgi-I, none of the genotypic frequencies differed
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Table 1. Urricina felina and U. eques. Allele frequencies at 14 en-
zvme loci. Enzymes are ACON (aconitase EC 4.2.1.3). EST (este-
rase EC 3.1.1.1.). GOT (glutamate-oxaloacetate transaminase
EC 2.6.1.1.). HK (hexokinase EC 2.7.1.1). ME (malic enzvme
EC 1.1.1.40). ODH (octanol dehydrogenase EC 1.1.1.1). PGD (6-
phosphogluconate dehydrogenase EC 1.1.1.44). PGM (phospho-
glucomutase EC 275.1). PGl (phosphogiucose isomerase
EC 5.3.1.9). SOD (superoxide dismutase EC L15.LD

Locus Allele U. felina n U. eques n
Acon 1 0.667 18 0417 12
2 0.333 0.583
Est-1 1 0.210 30 0.214 14
2 0.710 0.286
3 *0.080 0.500
Est-2 1 0.385 28 0.000 14
2 0.385 0.070
3 0.115 0.000
4 0.115 0.571
S 0.000 0.357
Got-1 1 0.404 94 0.464 56
2 0.521 0.500
3 0.075 0.036
Got-2 1 0.063 96 - 0.000 56
2 0.937 1.000
Hk 1 0.183 94 0.121 58
2 0.312 0.276
3 0.237 0.207
4 0.269 0.397
Me I 0.012 86 0.040 58
2 0.788 0.900
3 0.165 0.040
4 0.035 . 0.020
Odh 1 0.233 86 0.086 58
2 0.709 0.810
3 0.058 0.103
Pgd 1 0.087 223 0.121 58
2 0.837 0.603
3 0.076 0.241
4 0.000 0.035
Pgm 1 0.269 78 0273 44
2 0.205 0.364
3 0.513 0.341
4 0.013 0.022
Pgi-1 1 0.088 68 0.350 40
2 0912 0.650
Pgi-2 1 0.806 72 0.750 40
2 0.194 0.250
Sod-1 l 1.000 80 1.000 38
Sod-2 1 0.088 80 0.081 38
2 0.300 0.297
3 0.550 0.514
4 0.062 0.081
5 0.000 0.027

significantly from those expected for populations in
Hardy-Weinberg equilibrium. Pgi-/ showed a significant
(P<0.01) deviation from equilibrium in U. felina sam-
ples. This deviation was due to a heterozygote deficiency.
The mean observed (H,) and expected (H.) hetero-
zygosities were not significantly different either in Urticina
felina (H,=0.348; H.=0.410; y=835 DF= 12: P=0.68)
or U.eques (H,=0.424: H.=0436; y=841: DF= 11:
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Fig. 1. Urticina felina and U. eques. Typical gels for EST. PGD
and PGI. The first ten individuals are U, Jetina, the others
U. eques. All the enzymes migrate anodally

Table 2. Urticina felina and U, eques. Results of contingency table
comparisons between allele frequencies at four 1sozyme loci

Locus 7 DF P
Est-1 9.53 2 0.009
Est-2 2251 4 0.0002
Pgd 12.66 2 0.003
Pgi-2 11.44 1 0.0007

ﬂQl

-

P=0.63). Allele frequencies in U. felina and U. eques were
significantly different at four of the fourteen isozyme loci
(Table 2. Fig. 1). Whilst none of these loci is individuaily
diagnostic [i.e.. loci that allow the identification with 995
of confidence of one individual to its species (Avala.
1983)]. the probability of error in the identification of one
individual. when the four loci are used in conjunction is
extremely small (P=4.6X10~%). An incorrect conclusion
will be reached less than once each two thousand times
when identifying one unknown individual as U. Selina or
eques based exclusively on its genotypes at the loci Est-/.
Est-2, Pgd and Pgi-1.

It is also of note that a blue pigment which migrated
cathodally was present in all 49 samples of Urricina Jelina.
but absent in the 29 U. eques analysed. Unlike the blue
water-soluble pigment of the anemone Corynactis cali-
JSornica (see West. 1979), the colour of the pigment disap-
peared if the gel was immersed in solutions of HCI
(0.01 A). NaOH (0.01 M), trichloroacetic acid (30% w/v) or
Formalin (4% v/v). Extractions of homogenates of Urticina
anemones with organic solvents, such as hexane. ethyi
ether.or acetone produced only yellow and red pigments.
whereas the blue pigment was soluble in water or meth-
anol. From its chemical behaviour. it is likely that this
pigment is of proteinaceous nature (see. Cheesman e al..
1967), as previously suggested by Elmhirst and Sharpe
(1923).

Nematocyst analysis

No difference was found between the qualitative distri-
bution of nematocysts in the sea anemones studied. Both
Urticina felina and U. eques have basitrics in the mesenteric
filaments. actinopharynx and tentacles, three size classes of
microbasic p-mastigophors in the mesenteric filaments.
and spirocysts in the tentacles. This distribution has been
previously described by Hand (1955). However. there is a

Table 3. Urticina felina and U. eques. Mean size (um). standard deviation (0) and number of ne-
matocysts (n) analysed for each nematocyst type (total in 10 individuals). Student’s 7 test is calculated
on the individual means of the 10 individuals of each population (DF = 18). Fisher’s F test is calculat-

ed from a nested analysis of variance (Sokal and Rohlf, 1981)

Organ and U. felina U. eques ' P
nematocyst type
Mean o n Mean g n
Mesenteric filaments
Basitric 18.67 1.00 130 20.68 2.32 114 2.39 0.03
Microbasic 1 12.72 081" 153 13.57 0.73 180 2.35 0.03
Microbasic 2 2267 1.46 148 25.04 1.38 140 3.54 0.03
Microbasic 3 39.27 3.44 161 43.07 3.95 145 2.18 0.04
Actinopharynx '
Basitric 65.37 481 230 73.68 372 263 4.10 0.0009
Tentacles
Basitric 23.61 1.70 156 27.16 2.39 146 3.63 0.002

F.(U. felina/U. equesy=40.77 DF=1and 113 P=2x10~
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significant difference in the size of the nematocysts be-
tween U. felina and U. eques (Table 3). Individual means
for each nematocyst type in each tissue were compared
between the two taxa by a nested analysis of variance with
rephcates (Sokal and Rohif, 1981). Spirocysts were not in-

cluded in this analysis because they are considered as -

being of little taxonomic significance (Manuel, 1981), The
individual analysis of data for each nematocyst class
showed that basitrics from the actinopharynx and from the
tentacles contribute most to the overall difference between
the taxa (Table 3). '

Discussion

Two important and related, but very different uses of
isozyme analysis are as diagnostic taxonomic characters
(Ayala, 1983) or as indicators of reproductive isolation.
Naturally, the existence of a genetic diagnostic character
between two populations also indicates reproductive isola-
tion between them. However, populations can be repro-
ductively isolated and genetically divergent without
showing any diagnostic locus. Isozymes as diagnostic
characters are specially important to distinguish sibling
species (¢.g. Thorpe' er al, 1978; McCommas and Lester,
1980) or carly stiiges of development of different species
(e.g. Bryce and Hobart, 1972). However, more commonly
the question is to decide whether two or more populations,
.well characterized morphologically (and ideally sympatric)
are conspecific. It is common for loci to show significant
differences in their allele frequencies, without being neces-
sarily diagnostic. This is the case for the loci' Est-1, Est-2,
Pgd and -Pgi-2 i Urticina ﬁlina and U. eques. None of
these foci was éiaghosﬁc “but'the accumutated probability
that the analysed samples were from the same population

and that the differences found were produced by chance

was extremely low (P <107'*). The calculation of accu-
mulated probability for several Toci assumes that they are
independent. The possible existence of linkage between
some isozyme loci in Actinia equina (Quicke and Brace,
1983) could be a warmng against the assumptxon of in-
dependence of our isozyme loci. However, in the present
work, since all samples were from known individuals, it
was possible to test for linkage between the four loci. Our
results show no significant correlation between them and
provide no indication of any possible linkage.

It is interesting to note that we did not find any two
anemones with identical genotypes over the fourteen loci
analysed. This indicates that sexual reproduction is, if not
the only, at least by far the most important method of
reproduction in both species of Urticina. This is contrary
to the situation in Haliplanella luciae (Shick et al., 1979),
Metridium senile (Hoffman, 1976), Actinia equina (Orr
etal, 1982; Quicke and Brace, 1983) or A. tenebrosa
(Black and Johnson, 1979; Ayre, 1983). In these anemones,
asexual reproduction may be significant and presumably
can play an important role when colonizing new environ-
ments. This also can lead to electrophoretically detectable
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clones in some populations. It is not known whether
Urticina species reproduce asexually (Stephenson, 1935;
Chia, 1976), but the gametes and planktonic larvae of
U. felina (as Tealia crassicornis) have been described (Chia
and Spaulding, 1972).

The significant (P <0.01) heterozygote deficiency at
the Pgi-1 locus.in Uriicina felina is-puzzling and may
merely result from sampling error. Alternative explana-
tions based upon disruptive selection (e.g. Thoday and
Gibson, 1962, but see Lewontin, 1974, pp 161-162) or
population mixing (Wahlund, 1928) are not supported by
data for the other loci, and also necessitate an exception-
ally strong selection against the heterozygotes or some
improbably high differences in allele frequency between
the populations concerned (see Manwell and Baker, 1970,
pp 20-21). A homozygote excess could also result from
asexual reproduction, but this is clearly not the explana-
tion since no two mdmduals were identical over ali the

enzyme loci (see above). -

The blue pigment protein provides a clear difference
between Urticina felina and-U. eques although, of course,
the genetic -basis of this difference is~not known. The

. protein may well be coded by a single genetic locus which

is absent (or at least not functignal) in U. eques. It is also
of note that in U. felina the mesoglea is blue eompated to
the pink or white colour of this tissue in U. egues. This dif-
ference may be due to the presence of the blue pigmented
protein in U. felina.

The nematocyst differences (Table 1) between Urticina
Jelina and U. eques are also very significant and provide a
further clear diagnostic character. Differences in allele
frequencies between the sympatric populations of U. eques
and U. felina, in conjunction with the diagnostic blue
protein and the highly significant differences in the nema-
tocyst sizes, indicate that the populations are reproductively
isolated and must be given specific status. This is in full
agreement with the conclusion of Manuel (1981). Morpho-
loglcally, the two species can be readily distinguished
using the diagnostic characters described by Hand (1955)
and Manuel (1980, 1981).

Despite the reproductive isolation between Urticina
Jelina and U. eques, the genetic identity (Nei, 1972) and
similarity (Thorpe, 1979) indices between the two species
are high (/=0.847; §=0.745). If the putative locus (Pt-1),
coding for the blue protein, is not considered, the indices
are even higher (/=0.907; S=0.798) {the unusually large
differences between 7 and S values are due to the very
high genetic variability within the populations (see Thorpe,
1979, 1982; Hillis, 1984)]. The values are similar to those
encountered between Actinia equina and A. prasina (Gosse,
1860) (see Haylor er al., 1984), but are well above average
for general comparisons of congeneric species of plants
and animals (Thorpe, 1979, 1982, 1983; Ayala, 1983). High
levels of genetic identity between different species could
be related to recent (Avise and Ayala, 1976) or saiuuonal
(Ayala, 1975, 1983; Gottlieb, 1976) speciation. The contrast
between the small genetic distances and the clear morpho-
logical differences between U. felina and U. eques could be
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due to differential evolutionary forces acting on the
isozymes and morphological genes (Turner, 1974). How-

ever. any kind of speculation on the comparison of '

morphological and genetical data must be made with
caution. because of the common polygenic nature of many
morphological characteristics as opposed to the per locus
analysis of isozymes (see Lewontin. 1984). A better knowi-

edge of the ecology and the natural history of the genus

Urticina is needed before conclusions can be drawn about
the evolution of its species.

The very high levels of heterozygosity found in both

populations may indicate that they have not suffered any’

major reduction in effective population size in the recent
past. The predominance of sexual reproduction is im-
portant in maintaining panmixia among local populations,

but the lecithotrophic short-lived planktonic larvae that

these anemones produce (Chia and Spaulding, 1972) may
not enable the species to sustain a reasonable gene flow
between geographically distant populations. An analysis of
samples from other localities inside and outside the Irish
Sea could be helpful in understanding further the popula-
tion structure of these species.
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