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“Abstract

- Myotis vivesi is a Mexican endemic fishing bat listed as
endangered but with no recent ficld information about
the status of its populations. We present data on the ge-
netic diversity and population size of the largest known
colont of the fishing bat on Isla Partida. The colony
showed 1 substantial amount of genetic diversity at six
microsatellite loci, with observed heterozygosity and
number of alleles per locus averaging 76% and 9.5, re-
spectively. Our estimates of effective population sizes on
Isla Partida were very large, ranging from 14 170 to 68
570 individuals. Absolute population size could not be
determined for the entire island because sites were not
sampled simultaneously but the highest number of bats
recorded at a single period was close to 8000. The colony
showed substantial changes in composition. From No-
vember to March there were almost equal number of
males and females. In March, however, roosts with indi-
viduals of both sexes had one male and several females.
In May, males disappeared and the colony was composed
almost exclusively of females with their young. Our data
indicates that fishing bats at Partida have levels of ge-
netic diversity that are similar to the values found in other
widespread Myotis species. Further research on the ge-
retic diversity and population size of other colonies along
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Resumen

Myotis vivest es una especie endémica de murciclago pes-
cador enlistada como amenazada, aunque no hay infor-
macién reciente sobre su status poblacional. Aqui
presentamos datos sobre la diversidad genética y el tama-
fio poblacional de la colonia mis grande conocidade esta
especic en Isla Partida. La colonia mostré una significati-
va diversidad genética en seis loci de microsatélites con
heterocigocidad y un namero de alelos por locus
promediando 76% y 9.5, respectivamente. El estimado
del tamaiio de poblacién efectivo en Isla Partida fue muy
alto, con un margen de 14,170 2 68,570 individuos. El ta-
mafio absoluto de poblacién no fue determinado para la
isla debido a que las localidades no fueron muestreadas
simultineamente, pero el nimero de individuos registra-
dos en un solo periodo fue de 8,000. La colonia mostré
cambios sustanciales en su estructura y composiciéon. De
noviembre a marzo, se observé un namero similar de hem-
bras y machos. En marzo, sin embrago, los grupos mos-
traban un macho y varias hembras. En mayo, los machos
desaparecieron y la colonia estuvo formada casi exclusi-
vamente de hembras con crias. Los datos de esta especie
en Isla Partida muestran que los niveles de diversidad
genética son similares a los valores observados en otras
especies de Myotis de amplia distribucién. Estudios pos-

-
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188
its distribution range are needed to evaluate the conser-
vation status of the fishing bar.

Keywords: Conservation, effective population size, Gulf
of California, Myotis vivesi, population genetics.

The geographic range of the tishing bat, Myotis vivesi
(Vespertilionidae), is restricted to the islands of the
Gulf of California with a few colonies on the
Sonoran and Baja California coasts (Maya 1968; Villa
1979; Herreraand Flores-Martinez 2001). M. vives:
1s unique among members of its family in its feed-
ing ecology and roosting habits. It eats fish, crusta-
ceans and insects, and roosts on interstices in
rockslides, crevices and caves (Maya 1968; Altenbach
1989). Fishing bats were recently listed as endan-
gered and their few known colonies and populations
appear to be decreasing (Ceballos and Navarro 1991;
NOM-ECOL-059-2002). For example, M. vivesi has
disappeared from islands where exotic rats have been
introduced (Flores-Martinez, personal observations).

Successful management of rare species requires
knowledge about the magnitude and distribution of
genetie variation in their populations (Eizirik et al.
2001). Small and/or fragmented populations are
prone to lose genetic variation much more rapidly
than large populations (Vrijenhoek 1996). This loss
of genetic variation may thwarrt successful adapta-
tion to changing environments (McCueetal. 1996).
Of more immediate concern, however, are the po-
tential effects of inflated homozygosity in small
populations. There is good evidence that high levels
ot homozygosity may substantially reduce individual
fitness in mammals, as reflected by reduced birth
weight and neonatal survival (Coltman et al. 1998;
Coulson eral. 1998). Dispersal between populations,
however, acts 1o counter the loss of genetic diver-
sity (Vrijenhoek 1996). Because these mammals fly,
fishing bat colonies may not be completely isolated
and likely maintain some level of genetic exchange
between islands. Thus, the vagility of this species
may potentially offset (to some degree) the loss of
genetic diversity due to small population size.

In this study, we present data on the genetic di-
versity and population size in fishing bats on Isla
Partida, the largest known colony of this species.
We measured genetic diversity at six microsatellite
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DNA loci. For the population size analysis, we
not measure absolute population size, but ingra; d
used microsatellite data to estimate effective pop
lation size. We did determine population strucyyia
and size ar different sites but these sites were nog
sampled simultaneously during the year which pre-
cludes estimating absolute size of the population ag|
a single time. Absolute population size is the toral}
number of individuals in the actual population, while
effective population size is defined as the numbe
ofindividuals in a theoretically ideal population hav.
ing the same magnitude of random genetic drift as
the actual population (Hartl and Clark 1997). Ef-.
fective population size is more important than ab- 4
solute size in determining the rate ar which genetic &
variation is lost (Hartl and Clark 1997). The differ
ence between the absolute and effective population |
size is influenced, among other natural history traits,
by unequal sex ratios and breeding structure
(Frankham 1995; Sugg et al. 1996).

Materials and Methods

Study area. The study was conducted on Isla Partida
(28°52" N and 113°02° W), a 1.2 km?island in the
Gulf of California, Mexico. Fishing bats roost in
rockslides and crevices and are the only mammal
species present on the island (Maya 1968; Fig. 1).
Population size. Estimates of population size of
the colony were conducted at 6 different sites on the
island between November 2000 and May 2001 (Fig.
1). Most sites were not sampled during the same pe-
riod; consequently, estimares of population size per
period are not representative of the whole jsland.
Using Im? quadrants, we sampled approximately 1.6
% of rockslides used as day-roosts by the bats (Maya
1968). Quadrants were randomly selected and all
rocks inside them were quickly removed and the
number of bats was counted. Each quadrant was re-
filled to its original conditions. The total number
of bats at each site was then extrapolated from the
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average number of bats per m” and the total roost
surface. Sampling did not include roosts in crevices
orunder large rocks because bats in these sites can-
not be trapped with the method we used. Maya
(196) had the same problem when he sampled this
colony.

Genetic determinations. Approximately 10 mm?
of patagial membrane were collected from 36 indi-
viduals of M. vivesi captured with a 12 x 2 m mist
net placed on the SE of the island (site 5 in Fig 1).
The samples were placed in cryogenic vials with etha-
nol and stored at 4 °C. Genomic DNA was extracted
using Qiagen® DNeasy™ tissue kits. We followed
the standard Qiagen tissue kit procedure except that
we used only 1 mm? of tissue per individual and di-
gested the tissue at 56 °C for 24 hours.

In our initial screen of potential microsatellite
primers, we tested sixteen individuals from Isla Parti-
da at 24 microsatellite loci using primers developed
for M. myotis (Petri et al. 1997, Castella and Ruedi
2000) and Plecotus anritus (Burland et al. 1998).
Thirteen of these loci were monomorphic and five
others showed variation with poor resolution. The
remaining six loct (D15, MM5, G30, £24, Paur-03, and

Fig. 1. Study area and sampling sites. Numbers correspond to the sites listed on Table 1. Nets were placed on site 5.

Paur-06) showed clearly resolved variation and were,
thus, chosen as the microsatellite markers for this
study.

Polymerase Chain Reaction (PCR) am plifications
were performed in 10mL reactions containing 1-3
ng DNA, 0.5 uM each primer, 2-3 uM MgCl, 175 uM
dNTPs, and 0.5 unit of GIBCO Tag. Amplification
conditions were 94 °C for 2 min; 30 cycles of 94 °C
for 40's, 50-55°C for 40's, and 72 °C for 1 min; then
2 finakextension of 5 min at 72 °C. PCR products
were separated on 5% denaturing polyacrylamide
gels, stained with fluorescent dye, and visualized
with a Molecular Dynamics fluorimager (Rodzen et
al. 1998, Belfiore et al. 2000).

Statistical analysis. Microsatellite variability was
quantified as observed and expected heterozygosity
(Ho and Hg, Nei 1978) using the program TFPGA
version 1.3 (Miller 1997). To confirm that each lo-
cus was an independent sample of each individual’s
genome, genotypic linkage disequilibrium was tested
using GENEPOP version 3.1 (Raymond and Rousset
1995). Genotypic proportions were tested foragree-
ment with Hardy-Weinberg expectations using the
exact tests (Guo and Thompson 1992) and score
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tests (Rousset and Raymond 1995) in GENEPOD.
Effective population size N, was calculated in two
ways. One, as N, = {1/[1- Hg)? = 1}/8m, where m
is the average mutation rate per locus, assuming a
strict stepwise mutation model (Ohta and Kimura
1973); and two, as N, = Hy/4m(1- Hy), which fol-
lows the assumption of the infinite alleles model
(1AM, Kimura and Crow 1963). We assumed a value
of 10 for m, since the estimated mutation rates at
microsatellite loci vary between 10%and 10 (We-
berand Wong 1993).

Results

Population size. Estimates of population size ranged
from 500 to almost 5000 adults per site, and from
500 to almost 8000 adults per sampling period (Ta-
ble 1). Because most sites were not sampled simul-
taneously, we could not pool them to obtain a single
estimate of total population size on the island at a
given time. However, they offer interesting infor-
mation about the colony composition. From No-
vember to March we found both sexes at roost sites
witha predominance of females. In quadrants with
individuals of both sexes, there was always one male
with more than one female; with a trend towards a
lower male to female ratio in late March during mat-
ing (Table 1). In the two sites sampled in May, we
estimated 5116 young and 7846 adults, of which al-
most all adults were pregnant and lactating females
(Table 1). This is the highest estimate of population
size that we obtained for a section of the island.
Genetic variation. Fishing bats showed substan-
tial genetic variability at the six microsatellite loci,
with the total number of alleles ranging from 3 to
15 and observed heterozygosities ranging from 0.39
to 0.94 (Table 2). None of the tests of linkage dis-

Table 1. Population size estimates of Myotis vivesi in roosts on rock slides on Isla Partida. Shared roosts represent
quadrants were individuals of both sexes were found. Numbers in parenthesis represent shared roosts.

fi
i

equilibrium were significant and no departureg £
Hardy-Weinberg expectations were detected, Ry
tive population size estimates varied from 141
to 68,570 individuals depending on the
(Table 2). A

Discussion

Population size and structure. We did notice Chan
in the composition of the colony, although we co il
not estimate an absolute population size for Paryid

Island that included all sites sampled. In the sites sams
pled from November to March we found individuzl
ofboth sexes present with a slight female-biased sag
ratio. This trend was much stronger in late March
when we found an average of 2.80-4.40 females ‘.,,=
male in roosts with individuals of both sexes present;

The highest population size at Partida (7846
bats) was registered in May, when we found pregs
nant and lactating females with their young almost’
exclusively in two large roosting areas. This figure
is similar to the 6844 adult bats (mostly females wit 5
young) previously estimated in June and July of 1963
(Maya 1968). The real population size in this perio
was probably higher because sampling did not in
clude roosts in crevices or under large rocks nor sites
where we previously found bats. Adult males wer
not found in the sites sampled in May, which indi
cates that either they move to nearby islands or roost )
in other areas on Partida. Maya (1968) reports in-
semination in fishing bats to occur from late July to
September, with fertilization delayed to February
and March, and births from May to June.

Genetic variation. The bats showed a large
amount of genetic variability in the microsatellite
loci sampled. Values of observed heterozygosity
(Ho) in M. vivesi are similar when compared with

Site Date

No. of No. of adult Average Estimated Adult No. of young  Estimated Young

quadrants bats ( : ) in shared roost Population Size () Population Size
1 11/2000 g 31 (1:2.5) 1:2.2 (5) 2790 0 0
2 01/2001 10 25 (1:5) 1:1.6 (3) 500 0 0
3 03/2001 10 40 (1:5) 1:4.4 (5) 800 0 0
4 03/2001 9 31 (1:4.2) 1:2.8(9) 2170 0 0
5 05/2001 16 42 (1:38) 1:2 (1) 2937 33 (1:1.5) 2062
6 05/2001 11 55 (0:55) - 4909 28(1:1) 3054




statistics of the six microsatellite loci
- esi on Isla Partida. Ho and Hg are observed
d heterozygosity (Nei 1978). N is the esti-
ive population size assuming the stepwise
1y and Kimura 1973)* and the infinite alleles
ura and Crow 1963)"*.

i No. of . .

Neies  Ho  He  "Ne/1000  “Ne/1000

6 0.61 0.68 10.41 5.14

g 079 086 52.57 13.90

15 091 092 14548 24.59

15 0.94 0.92 135.81 23.68

10 091 088 64.20 15.59

3 0.39 0.46 2.99 2.10

95 076 079 68.57 14.17

ber microsatellite studies of related species. For
;_:“ ple, average Ho in M. myotis, a common and
spread bat in the Mediterranean, is 0.67-0.78
eas in M. vivesi it was 0.76 (Castella and Ruedi
0; Castella et al. 2000). Similar H average val-
are also found when the same microsatellite loci
included in the comparison: average Ho of the
iD15, E24 and G30 is 0.86 in M. myotis and 0.82
in M. vivesi (Castella and Ruedi 2000). Our data
Ssuggest that the effective size of the Partida pop-
alation is very large, ranging between 14,170 and
68,570 individuals.

~ Conservation implications. High genetic diversity
and large effective population sizes suggest that the
largest k10w colony of fishing bats is not under an
- immediate risk of extinction, Similarly, our highest
estimate of population site is similar to the num-
bers described by Maya (1968) which indicates that
the colony has not been reduced significantly as it
has happened in other islands. Its unique roosting
habits, however, makes this species very vulnerable
to anthropogenic disturbances and justifies the pro-
tection of this colony in particular by the large num-
ber of females that give birth in the island. High
levels of genetic diversity in Partida do not neces-
sarily mean that the species” risk of extinction is
not significant in other parts of its distribution. For
example, the genetic diversity of the greater horse-
shoe bat Rhinolophus ferrumequinum is not uni-
2 formly distributed but presents areas where
heterozygosity is very low (Rossiter et al. 2000).
Future research on the geographic distribution of
the genetic diversity of the fishing bat will allow us

e
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to determine the status of the species and help de-
sign biologically sounded strategies for its conser-
vation.
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