
J. 2001.. Lond. (1988) 215, 703-717

Population size and growth late, sex ratio and behaviour in the ant isopod,
Platyarthrus hoffmannseggi

T. WILLIAMSl ANO N. R. FRANKS*

School o/ Biological Sciences, University o/ Bath, Claverton Down, Bath BA2 7 A Y, UK

(Accepted 8 December 1987)
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Female-biased sex ratios are often associated with small, isolated populations. These conditions
are exhibited in populations of Platyarthrus hoffmannseggi (Brandt, 1833), a small, blind
woodlouse which lives almost solely in ant nests. This study was undertaken to determine how sex
ratio varies with population size in P. hoffmannseggi and how both of these factors affect
population growth rateo To accomplish this, a total of2155 ofthese isopods were collected from
20 nests of the ant Lasius fiavus (Fabricius. 1781). The majority of the isopod populations were
female-biased. The behaviour and survivorship of the isopods in their own and foreign ant
colonies were compared and suggest that the free movement of P. hoffmannseggi individuals
among ant colonies may be extremely limited. These studies also show how isopods are
nutritionally linked to their hosts. Measurement of the woodlice revealed two distinct sizejage
classes in each population and allowed the change in sex ratio from one generation to the next to
be estimated. Female-biased populations produce in future generations relatively more females
and fewer males than populations of a similar size with a sex ratio of unity. There was no
correlation between the degree offemale bias and the rate ofpopulation growth. These findings
are reviewed in the light of recent theoretical sex ratio models and the possible control of the
isopods' sex allocation by unusual chromosomal mechanisms and intracellular parasites.
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Introduction

Strategies of reproductive sex allocation which determine population sex ratios have recently
attracted much theoretical and empirical attention beca use relatively simple models can be used to
make quantitative predictions about the fitness of individuals (Charnov, 1982; Bulmer, 1986). Sex
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rati~s with large deviations from unity are most commonly found in populations that are very
small or those with a geographical structure so that they consist of small subpopulations with low
rates of immigration and emigration (Bulmer, 1986). A classic example are sex ratios resulting
from local mate competition, in which individuals in small groups produce female-biased progeny
to maximize their fitness by minimizing competition among their sons (Hamilton, 1967; Nunney,
1985).

Female-biased sex ratios are known in a wide variety of terrestrial isopods in a great diversity of
habitats (Vandel, 1938; Legrand & Juchault, 1972; Johnson, 1977; Katakura, 1984). However,
very little is kno.vn about the effective breeding population size in the vast majority of isopods (but
see Linsenmair, 1985 and references therein). Apart from direct effects of population size and
population structure, two other factors are believed to have a possible role in producing female-
biased sex ratios in terrestrial isopods: (a) their unusually complicated chromosomal sex
determination (Bull, 1983; Katakura, 1984); and (b) the presence of intracel1ular parasites
(Juchault & Legrand, 1970, 1972; Legrand & Juchault, 1972; Johnson, 1977), similar to the son-
killer parasites in Drosophila and Nasonia (see Williamson & Poulson, 1979 and Skinner, 1985;
Werren, Skinner & Huger, 1986, respectively), that are inherited through female lines. In either
case, the spatial structure of isopod populations is likely to be of crucial importance in preventing
the extinction of female-biased populations, and any sex ratio controlling parasites they may
support. Whether or not female-biased brood production is inherited in isopods genetically or vía
intracellular parasites, the consequences will be similar to those apparently caused by chromoso-
mal anomalies in the African butterfly, Acraea encedon, which lead to strains of females that
produce only female offspring. It appears that meiotic drive of the Y -chromosome in these
butterflies results in a strain offemales that produce only female offspring. Ifsuch strains become
increasingly common, males will become so rafe that in a random mating population extinction is
likely to resulto Models ofthese butterfly populations have shown that this sex ratio polymorphism
can only be maintained if normal females have a higher mating success or the population is
structured geographically such that subpopulations of mostly abnormal females periodically
become extinct and are re-invaded by normal female migrants from more healthy colonies (Heuch,
1978; Heuch & Chanter, 1982; Bulmer, 1986). To determine what maintains female biases in
populations of terrestrial isopods, information is therefore required on both the deme structure ,,'

and effect ofsex ratio on population growth rates. A prime candidate for such a study is the isopod
Platyarthrus hoffmannseggi (Brandt, 1833) which is a guest of ant colonies. Platyarthrus
hoffmanseggi is known to live almost exclusively in the nests of ants and to have female-biased sex
ratios (Standen, 1912; Vandel, 1962; Bernard, 1968). The movement of such guests between ant
colonies is often severely restricted because they take on the colony-specific odour of their hosts
(Van der Meer & Wojcik, 1982).

In this paper, we examine growth rate and change in sex ratio in 20 populations of
P. hoffmannseggi in the discrete nest mounds of the ant Lasius jiavus. The yellow meadow ant
Lasius jiavus is well known for its habit of building conspicuous, regularly-spaced, nest mounds.
Such mounds often contain 100 or more litres of soil and persist for decades (King, 1981). Ants in
neighbouring mounds are mutually hostile and maintain underground feeding territories (Waloff
& Blackith, 1962; Pontin, 1963). We analyse the behaviour and survivorship of P. hoffmannseggi to
determine whether they can move freely between host nests and we also elucidate the nutritional
link between these ant-guests and their hosts. In addition, we report the first observations of
mating and fighting behaviour in this isopod.
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Materials and methods

Twenty discrete populations of P. hoffmannseggi were sampled from individual LasiusJiavus nest-mounds
in Black Rock Drove, Cheddar Gorge, Somerset, between 14 October 1984 and 13 March 1985. Each
L.Jiavus nest-mound was completely excavated and all the P. hoffmanseggi were removed in the laboratory
from the finely sifted soil. The head capsule of every isopod was measured at its widest point to an accuracy of
0.025 mm as a reliable measure of body size (Sutton, 1980) and its sex determined by examination of the
exopodites and endopodites ofthe 1st and 2nd pleopods. Only isopods with obvious external genitalia were
included in the data. The frequency of isopods that were excluded because their sex could not be easily
determined was less than 1 in 100. In addition, in 13 ofthe 20 nests sampled, the smallest individuals were
clearly male, so that our census did not overestimate the number of females by assigning small, sexually
ambiguous individuals to the female category. When used in behavioural studies or experiments, the isopods

were not sexed and measured until the end of the study.
A culturing method was developed which permitted close observation of the isopods and the ants in

artificial soil-free nests. The nests were constructed of a 2-mm thick cardboard floor placed on a glass sheet of
the same size. Walls and central dividers were made of card and held in po sitio n with masking tape; the card
was kept moist by cellulose wicks leading from the nest to a dish of water. A roof of large microscope slides
supported by the nest dividers allowed access to all parts of the nest. A plastic tube 40 mm long, internal
diameter 3,5 mm, connected the inside ofthe nest with a foraging arena in which egg- and honey-based ant
food (Bhatkar & Whitcomb, 1970) was always available. The nest could be observed through a binocular
microscope mounted on a free-moving platform. All light was excluded save for an optical fibre ring,
mounted round the objective lens ofthe microscope, linked to a cold light sourcegiving dim white light which

did not appear to disturb either ants or isopods.
On the basis of a series of 1 h observation bouts, ethograms were constructed for P. hoffmannseggi with

their own ants and with ants from unrelated L.Jiavus nests to which they were introduced (the former will be
termed 'established' isopods, the latter 'introduced'). The isopods that had been introduced to unfamiliar
ants were observed at intervals over an 8-day periodo Introduced and established isopods received equal
handling. A large nest 300 mm by 300 mm was used for introduced P. hoffmannseggi because the colony was
quite large (2000 ants), whereas a smaller nest 120 mm by 150 mm containing approximately 300 ants housed
8 established isopods. In neither nest did the isopods arrear to be restricted by the density of ants. Queenless
ant colonies with all stages ofbrood were used. At the beginning of each observation bout a single isopod was
selected at random and continually observed for an hour. Each behavioural act exhibited by this focal animal
(Altmann, 1974) was recorded. A behaviour was defined as a single logical unit such as grooming. A total of
20 h of such observation were made for both introduced and established isopods. During the course of these
observations the vital dye, neutral red, was introduced to the ants' food in the foraging arenas. The isopods

had no direct access to this food.
To determine the effect of host familiarity on isopod survival, 44 isopods were reintroduced to their own

colony in an artificial nest following the usual sifting of nest soil and separation of ants and isopods. At the
same time, 40 isopods were removed from their own ant colony and introduced to a culture with a similar
density of L.Jiavus workers from an un familiar colony. After 40 days the number ofsurviving isopods in these

different cultures were counted.

Results

Sex rarios

The populations of P. hoffmannseggi contained from 20 to 495 individuals (x= 108, S.D. = 117)
and these were found to have sex ratios, expressed as proportion of female, of between 0.45 and
0,76 (Table 1). Female-biased sex ratios were seen in 14 out of the 20 nests, although only six of
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T ABLE 1
Population data lor Platyarthrus hoffmannseggi Irom 20 nests 01 Lasius jlavus

Estimated number of each
sex in each age class

Population
size

Overall proportion
fernale

,:~!
0-45
0-60.
0-76..
O-57
O-51
0-76..
O-52
0,57
O-50
0,57..
0,46
0.47
0,48
0.50
0.62
0.63
0.67..
0.52
0-64
0.62..

Nest MI F.

11
26
8'5

17
26
71
5

15
2

47,5
26
63
8,5

13
10
8

18,5
31
3

104

M2

17.5

20

3

35.5

26.5

23

9

19

10

38,5

29.5

85

11

15

6

5

1

34

4

99

F2

15
32
10-5
53
24
48

6
31
8

63-5
20
88
11.5
23

8
11
7-5

48
11

203

Growth cate!

A
B
C
D
E
F
G
H

57
96
25

123
98

143
21
80
20

193
100
319
42
72
29
30
39

151
22

495

13,5

18

3

17,5

21,S

11

1

15

O

43,S

24,S

83

11

21

5

6

12

38

4

89

1.33
1.18
1.17
2.56
1.06
0,87
2.50
1.67
9'00
1.12
0,98
1.18
1.15
1.12
0.93
1.14
0.28
1.19
2.14
1.56

J
K
L
M
N
O
p
Q
R
S
T

1 Growth rate estimated as number of young (new ase class) individuals divided by the

number of older ase class individuals
* X2: P<O.O5
** P<O.OI


