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O R I G I N A L  P A P E R  

Ger Ernsting • Wil van Ginkel • Steph B.J. Menken 

Genetical population structure of Trechisibus antarcticus (Coleoptera; 
Carabidae) on South Georgia and on the Falkland islands 

Abstract Samples of Trechisibus antarcticus (Coleop- 
tera, Carabidae), collected on South Georgia and the 
Falkland Islands, were analysed at 8 polymorphic 
allozyme loci, related to the supposition of a recent 
arrival of this species on South Georgia. The data 
showed absence of rare alleles in the South Georgia 
sample, but otherwise a high similarity between the two 
populations. 

Introduction 

South Georgia is a subantarctic island, situated well 
south of the Antarctic Convergence. It is covered for 
a large part by glaciers, which partition the island into 
many small "habitat islands"; the Stromness Bay area 
and the neighbouring Cumberland Bay area are two of 
them. In both areas abandoned whaling stations are 
situated. Due to its isolated position and harsh climate, 
South Georgia has an impoverished fauna (Block 
1988). Surveys, reviewed in Gressitt (1970), recorded 
only eight species of beetle, including Oopterus sole- 
dadinus Gu6rin-M6n6ville 1830 (Carabidae). The first 
record of this beetle on South Georgia dates back to 
1963 (Darlington 1970) when it was found in the 
Grytviken whaling station area at Cumberland East 
Bay. 

In 1982 a second carabid species, Trechisibus antarc- 
ticus Dejean 1831, was found on South Georgia (Vogel 
1985). This species was found in the Husvik whaling 
station area at Stromness Bay, where it seemed to be 
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the only carabid (ibid.). In 1988, however, both species 
were found to occur in that area (Ottesen 1990). The 
distribution of O. soledadinus was restricted to the 
built-up area of the whaling station where it was found 
in appreciable numbers. T. antarcticus had a wider 
distribution, covering much of the Husvik Harbour 
lowland area, in some places with high numbers. More- 
over, a second population was found in the tussock 
grass (Parodiochloaflabellata) area along the southern 
shore line of Leith Harbour near Harbour Point 
(Ottesen, unpublished work). Both O. soledadinus and 
T. antarcticus are wingless on South Georgia. 

In the 1991/1992 summer season the density of T. 
antarcticus in the Husvik area was found to be extreme- 
ly high and, compared to 1988, its distribution to be 
extended (Ernsting 1993). In that season it became clear 
that this predator may have a strong impact on the 
indigenous soil community, exemplified by its negative 
effect on the density of the endemic herbivorous beetle 
Hydromedion sparsutum Mfiller 1884. The effect ap- 
peared to arise from the smaller larval instars of this 
species being preyed upon by T. antarcticus (Ernsting 
1993). 

The question when, and from where, T. antarcticus 
arrived at South Georgia cannot be answered with 
certainty. The potential sources are confined to the 
Falkland Islands and the southern part of South Amer- 
ica since it occurs in these localities (Roux and Voisin 
1982; Jeannel 1962). The whaling stations on South 
Georgia, in operation from 1904 until 1965, were sup- 
plied from the Falkland Islands (Headland 1984) and 
most probably T. antarcticus was introduced from 
there by supply vessels. The introduction may have 
occurred, once or repeatedly, at any time since 1904. 
A more precise dating of its arrival is not possible: the 
recent discovery (though extensive surveys have been 
carried out previously, Gressitt and Clagg 1970) might 
be due to increased abundance following a period of 
low density.  

The possibility that T. antarcticus at South Georgia 
has recently been introduced from the Falkland Islands 
together with the potentially dominating role of this 
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species in the soil community of South Georgia, led us 
to compare the current genetic composition of the 
South Georgia and Falkland Islands populations, with 
the intention of repeating the comparison in the future. 

Materials and methods 

Animals 

About 100 T. antarcticus were collected on 2 April 1992 fi'om 
a tussock grass field along the shore line of Husvik Harbour, about 
500 m north of the whaling station (Ernsting 1993). On 14 April 
about the same number of T. antarcticus was collected on the 
Falkland Islands from beneath stones in the grassy vegetation at 
Cape Pembroke near Port Stanley. The animals were collected by 
means of an electric aspirator. They were brought live to Amster- 
dam, arriving there on 17 April; then they were deep frozen at 

- 70~ until electrophoretic analYsis. 

Electrophoretic and staining techniques 

Homogenisation 

Because the homogenate of specimens appeared to be very acidic 
(pH < 3), we used a homogenisation buffer, viz. 0.5 M Tris-HC1 
(pH 8.0), 0.001 EDTA and 0.001 M MgC12. To 50 ml of this buffer 
we added: 5 gl [3 mercaptoethanol, 25 mg dithiothreitol and 16 mg 
NADP. We used 50 gl of this buffer to homogenise one specimen. 

Buffers 

After optimisation we used two buffer systems to separate the 
allozymes. 
I. Bridge buffer: 0.687 M Tris, 0.157 M citric acid; pH 8.3. Gel 
buffer: 33.3 ml bridge buffer diluted to 1 1, 20 V/cm. 

II. Bridge buffer: 0.155 M Tris, 0.043 M citric acid; pH 7.0. Gel 
buffer: 66.7 ml bridge buffer diluted to 1 1, 20 V/cm. 
Gels were made with 11% connaught starch hydrolysed NAD and 
NADP added, and then applied to horizontal gel electrophoresis. 
We used modifications of general histochemical staining techniques 
to visualise the electromorphs. 

Enzyme systems analysed 

A routine screening of the following 15 proteins was carried out 
(enzyme commission number and locus abbreviation in paren- 
theses): glucose-6-phosphate dehydrogenase (EC. 1.1.1.49, G@dh), 
phosphoglucomutase (EC. 5.4.2.2, Pgm), glycerotriphosphate de- 
hydrogenase (EC 1.1.1.8, Gpdh), arginine kinase (EC. 2.7.3.3, Ak), 
phosphogluconate dehydrogenase (EC. 1.1.1.44, Pgdh), glutamate- 
oxaloacetate transaminase (EC. 2.6.1.1, Got), carbonate dehydratase 
(EC. 4.2.1.1, CA), malic enzyme (EC. 1.1.1.40, Me), malate dehydro- 
genase (EC. 1.1.1.37, Mdh), isocitrate dehydrogenase (EC. 1.1.1.42, 
Idh), hexokinase (EC 2.7.1.1, Hk), aconitase (EC. 4.2.1.3, Acon), 
esterase (EC. 3.1.1.1, Est), mannose phosphate isomerase 
(EC. 5.3.1.8, Mpi) and glucose phosphate isomerase (EC 5.3.1.9, Gpi). 

Results and Discussion 

In our samples the 6-Pgdh and Got loci were monomor- 
phic, with the same electromorph fixed, whereas CA, 
G6pdh, Pgm, c~-Gpdh and Ak gave weak and uninter- 
pretable patterns. 

On the Falkland Islands the Mpi, Idh, Mdh and Gpi 
loci were slightly polymorphic (Table 1); the rare alleles 
(frequency 0.01-0.08) of these loci were absent in the 
South Georgia sample, except one rare Gpi allele. Not- 
withstanding the absence of rare alleles at the four loci 
mentioned, the average heterozygosity of the loci listed 
was not lower in the S. Georgia sample (0.189) than in 

Table 1 Allele frequency 
variation in a population of 
Trechisibus antarcticus from 
South Georgia and one sampled 
near Port Stanley on the 
Falkland Islands (n number 
of individuals; ho observed 
heterozygosity; he expected 
heterozygosity; G result of 
G-test for differences in 
allele frequencies between the 
samples; H-W deviations from 
Hardy-Weinberg proportions; 
n.s. not significant) 

Allozyme Population n Allele G ho ho H-W 
1 2 3 

Acon Pt. Stanley 
S. Georgia 

Mpi Pt. Stanley 
S. Georgia 

Idh Pt. Stanley 
S. Georgia 

Me Pt. Stanley 
S. Georgia 

Est Pt. Stanley 
S. Georgia 

Gpi Pt. Stanley 
S. Georgia 

Mdh Pt. Stanley 
S. Georgia 

Hk Pt. Stanley 
S. Georgia 

Mean Pt. Stanley 
S. Georgia 

27 0.80 0:20 0.333 0.320 n.s. 
48 0.68 0.32 - n.s. 0.271 0.440 < 0.05 

64 0.02 0.96 0.02 0.078 0.077 n.s. 
64 - 1.00 - n.s. 0.000 0.000 n.s. 

63 0.99 0.01 - 0.016 0.020 n.s. 
63 1.00 - - n.s. 0.000 0.000 n.s. 

64 0.23 0.77 - 0.188 0.354 < 0.01 
64 0.39 0.61 - < 0.05 0.406 0.476 n.s. 

47 0.07 0.93 - 0.149 0.130 n.s. 
45 0.23 0.77 - < 0.01 0.467 0.354 < 0.05 

64 0.01 0.98 0.01 0.031 0.039 n.s. 
64 0.01 0.99 - n.s. 0.016 0.020 n.s. 

64 0.08 0.92 - 0.156 0.147 n.s. 
72 - 1.00 - < 0.01 0.000 0.000 n.s. 

61 0.30 0.69 0.01 0.393 0.428 n.s. 
63 0.27 0.71 0.02 n.s. 0.349 0.422 n.s. 

0.168 
0.189 
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the ]f~alkland Islands sample (0.168), due to a higher 
variability of the Est and Me loci. As shown by the 
G-te?,t of independence (Sokal and Rohlf  1981), the 
alloz2me frequencies of Me, Est and Mdh were signifi- 
cantly different between the two samples. 

Substantial  deviations from a Hardy-Weinberg  equi- 
librium for genotypes were found for the Acon and Est 
locus in the S. Georgia  sample and for the Me locus in 
the Por t  Stanley sample. Considering that  in repeatedly 
appl)'ing a goodness-of-fit test, the probabil i ty in- 
creas ~s that  high values of the test statistic are obtained 
by cl:ance alone, it is only the deviation found for the 
Me i~cus that  may  require an explanation.  Wi thout  
addi: ional information,  however, it is impossible to 
decide which of the assumptions of the Hardy-Wein-  
berg principle has been violated. 

Tl:e total  informat ion on allele frequencies results in 
a gerletic identity (Nei 1972), I -- 0.9912, and a genetic 
distance, D = 0.0088. 

Apparently,  overall the two populat ions are geneti- 
cally very similar; sampling error  can easily explain the 
diffmences found. Still, definite conclusions about  the 
origi:l of the South Georgia  popula t ion  can only be 
drawn when populat ions  from Patagonia  and Tierra 
del 1: uego are also included in a comparison.  
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