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HABITAT SEGREGATION IN GROUND CRICKETS: 
EXPERIMENTAL STUDIES OF ADULT SURVIVAL, 

REPRODUCTIVE SUCCESS, AND 
OVIPOSITION PREFERENCE' 

DANIEL J. HOWARI- ANI) RICHARD G. HARRISON 
Departmneit of Biologyt7 Yule Uliiversity, P.O. Bov 6666, Neiv7 Hte, t, Coninecticnt 06511 USA 

Ahstract. The closely related ground crickets Alloneinobiuis allardi and A. fiseciutus provide a 
striking example of habitat segregation. Both species are abundant in pastures and grasslands in the 
northeastern United States, but they occupy different parts of these habitats. At a site in northwestern 
Connecticut, we found nearly pure single-species populations at the extremes of a moisture gradient. 
Alloenmtohius allaIrdi occurred in dry pasture, A. fiisci'utus in wet pasture. Distribution patterns 
remained constant from one developmental stage to another and from year to year. We undertook a 
series of experiments to define the factors that determine habitat associations in these crickets. By 
introducing single-species and mixed-species populations into enclosures in both wet and dry areas, 
we could demonstrate no significant differences in adult survival or reproductive success between 
species. Both A. ullrdli and A. Jufsiiatus can survive and reproduce in wet and dry habitats. Labo- 
ratory choice experiments indicate that differences in oviposition preference also cannot account for 
field distribution patterns. Indeed, oviposition preference may be a consequence rather than a cause 
of habitat association. 

Key, ottds: (t/lilt survival; AllonemobiLus, crickets; habitat vseg!Lregation; oviposition prefe'renve; 
rep-ro/lIctit''e success. 

INTRODUCTION 

Habitat segregation among closely related or eco- 
logically similar animal species is a common occur- 
rence in nature and may play an important role in re- 
source partitioning and the maintenance of species 
diversity (Schoener 1974). Factors which may account 
for such segregation include effects of the physical 
environment, predation. parasitism, interspecific com- 
petition, and innate behavioral differences. In most 
animal communities the relative importance of these 
tractors for the maintenance of habitat segregation is 
unknown. Obtaining such information depends, in part, 
on being able to perform experimental manipulations 
in the field. 

Extensive experimental investigations of habitat 
segregation among closely related animal species have 
only been carried out for rodents (e.g., Grant 1969, 
1970. 197 1, Schroder and Rosenzweig 1975, Glass and 
Sladie 1980, Montgomery 1981) and, to a lesser degree, 
for sessile invertebrates found along the rocky inter- 
tidal (e.g.. Connell 1961, Harger 1968, 1970a, h, Stim- 
son 1970). The popularity of these groups as objects 
of experimental investigation is a consequence of both 
the striking patterns of habitat segregation that they 
exhibit and the fact that their populations can be ma- 
nipulated in the field with relative ease. 

Equally clear patterns of habitat segregation can be 
found among groups of insects. However, well-con- 

I Manuscript received 6 July 1982; revised and accepted 
31 January 1983. 

2 Present address: Dept. of Zoology, Michigan State Uni- 
versity. East Lansing, Michigan 48824 USA. 

trolled field experiments have rarely been used to dis- 
tinguish among possible explanations for these pat- 
terns. Among the taxa for which habitat segregation 
has been reported are butterflies (Shapiro and Card6 
1970, Rausher 1979), fruit flies (Fellows and Heed 
1972), tenebrionid beetles (Doyen and Tschinkel 1974), 
spittlebugs (Halkka et al. 1977), leafhoppers (McClure 
and Price 1976, Stiling 1980), and crickets (Fulton 193 1. 
1952, 1956, Alexander 1957, Alexander and Thomas 
1959, Love and Walker 1979). 

The grassland crickets Allonemobilus (IlI(rdi and A. 
.tusuats (Grylloptera: Gryllidae) provide a striking 
example of habitat segregation. Both species are ex- 
tremely common in pastures of the northeastern United 
States, but they are found in different parts of such 
habitats. Allonemohibus tiscialtus inhabits wetter areas, 
such as low-lying land and land adjacent to ponds and 
streams. Allonenobhius (llardi occurs in a wider range 
of habitats but is most common in dry pastures and 
fields (Fulton 1931, Alexander and Thomas 1959, Paul 
1975, Howard 1982). Although mixed populations of 
the two cricket species occur frequently, it is not un- 
usual for just a few metres to separate nearly pure 
single-species populations. 

Both Alloneilnobius (IllaIrli and A. fusciatuis over- 
winter in the egg stage and have a single generation 
each year (Fulton 193 1, Alexander and Thomas 1959). 
In the northeastern United States first-instar nymphs 
of both species begin to emerge from the soil in early 
June. Adults can be found from the end of July to the 
middle of November but reach peak abundance in the 
4-wk period from the middle of August to the middle 
of September (D. J. Howard, personal observe nation). 
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FIG. 1. Map of the study area. Q l-Q9 are 6 x 6 m quad- 
rats used for sampling species distribution. WP and HT (drawn 
'x scale) are enclosures used for transplant experiments. 

The two species are extremely similar morphologi- 
cally. In fact, for many years taxonomists resisted rec- 
ognizing them as separate species, even though Fulton 
(1931, 1933, 1937) demonstrated that they could be 
easily distinguished in the field by song and habitat 
differences. In 1959, Alexander and Thomas raised 
these "subspecies" to species status and pointed out 
morphological characters that could be used to distin- 
guish pinned adults. 

The obvious differences in the distributions of these 
insects, the tremendous population densities which they 
often achieve, and their reliance on walking for habitat 
selection (>99% of adults are short winged and cannot 
fly) convinced us that they were well suited for ex- 
perimental investigations of habitat segregation. Three 
studies are described in this paper. In the first we doc- 
ument distribution patterns in the field. In the second 
we analyze survivorship and egg hatch in transplant 
experiments. In the third we investigate oviposition 
preference in a laboratory experiment. In a companion 
paper (Howard and Harrison 1984), we describe an 
experiment designed to evaluate the significance of 
habitat selection and interspecific competition as de- 
terminants of distribution patterns in the field. 

MATERIALS AND METHODS 

Distribution patterns in the field 

We carried out all fieldwork on the Zucker farm at 
the end of Drum Road in Sharon, Connecticut. The 
study site was situated in pastures encircling a pond 
called the Cow Pond (Fig. 1). The Cow Pond covers 
an area of ~300 ml and is surrounded to the north, 

west, and south by flat or gently ascending land. To 
the east is a gentle downslope ~40 m long, which ends 
at a wooded area. The horseshoe of level ground to 
the north and south is only 20 m wide, before giving 
way to moderately steep ascending slopes. To the west 
the ground remains level and very wet for ~35 m be- 
fore sloping upward. 

We estimated relative species abundances along a 
transect running north from the Cow Pond. In this 
direction the horseshoe of level ground abuts a dry, 
south-facing slope, creating a relatively abrupt tran- 
sition between wet and dry grassy areas. The transect 
extended from the edge of the pond to near the top of 
the south-facing slope and consisted of nine adjacent 
6 x 6 m quadrats (Fig. 1). Quadrats 1-3, on level 
ground adjacent to the pond, represented the wet end 
of a moisture gradient (although they were not as wet 
as the area west of the pond). On the slope (quadrats 
5-9) the soil was much drier. Quadrat 4 marked the 
transition between these two areas. Estimates of per- 
cent cover for plant species along the transect revealed 
that a variety of grasses (Festuca elatior, Festuca rub- 
ra, P0(1 praItentsis, Dactylis glomerata) occur through- 
out. The most noticeable change in vegetation from 
the wet areas to the dry slope was an increase in abun- 
dance of Euphorhia cvprlri ssias and Galium, olilhgo. 

On 21 September 1979 we collected 30 adult Allo- 
nemnohius from each quadrat, using a sweep net, and 
identified them to species in the laboratory. Since A. 
alla(rdi and A. fiisciatus are so similar in morphology 
and activity patterns, we believe our samples accu- 
rately reflect the actual species composition, i.e., there 
is no sampling bias with respect to species. Additional 
sweep net collections were made on 28 August 1980 
and 10 October 1980. At these times virtually all in- 
dividuals were adults. 

To assay distributions of nymphs along the same 
transect, we used a D-VAC, a gasoline-powered insect 
vacuum. Collections were made on 13 June 1980, 3 
July 1980, and 16 June 1981, when all Alloneniohius 
were still early- or middle-instar nymphs. Sixty sec- 
onds of sweeping with the D-VAC in a given quadrat 
was usually sufficient to obtain between 25 and 120 
nymphs. 

We have found no morphological characters that are 
useful in differentiating nymphs of the two species. 
However, Howard (1982) has found nearly fixed allelic 
differences between these species at four loci coding 
for soluble proteins. We exploited one of these "di- 
agnostic" loci, malate dehydrogenase (Mdh), to assign 
nymphs to species. Use of biochemical characters per- 
mits identification of nymphs for the first time. Field- 
collected nymphs were transported back to the labo- 
ratory and stored at -80'C. Using standard techniques 
of horizontal starch gel electrophoresis (Selander et 
al. 1971), we assayed individual nymphs to character- 
ize their Mdh phenotype. We used a pH 6.5 Tris-ci- 
trate electrode buffer, diluted 1:3 for the gel buffer 
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(Whitt 1970). Almost no ambiguity exists when iden- 
tifying nymphs in this manner. Three-banded hetero- 
zygotes occur very rarely (<0.2%) and represent either 
rare hybrids or the occurrence of the allele commonly 
found in one species as a rare allele in the other. 

Transplant studies 

We performed transplant experiments with both 
species to determine whether adult survival and/or 
ability of eggs to hatch differed between dry and wet 
pasture. We first staked out two 6 x 6 m areas, one 
in extremely wet pasture, a few metres from the west 
bank of the pond (WP), and a second in dry pasture 
north of and adjacent to quadrat 9, near the top of the 
south-facing slope (HT). Prior to transplanting adults 
we made three collections from WP and two collec- 
tions from HT to document the relative abundance of 
the two species at these sites (Table 1). Collections 
from WP always contained >95% A. fasciatus. In con- 
trast, A. Jasciatus was almost never found at HT. 

In late July 1980, we built six contiguous enclosures 
(1/2 X 1/2 m) at each site (Fig. 1). The I m high walls 
were made of polyethylene, a material that Allone- 
mobius cannot climb. We carefully buried all ground 
edges 10 cm. The top of each enclosure was left 
uncovered, and great care was taken not to damage 
the vegetation inside. 

On 29 July we sprayed each enclosure with Mala- 
thion 50 in order to kill all crickets trapped within. 
This is a relatively safe, effective insecticide. Because 
adults of both species had first begun to appear only 
3-4 d earlier and were still rare in the pastures at this 
time, we presume that females had deposited few, if 
any, eggs in the enclosures. The spraying appeared to 
be very effective. Examination of the enclosures 7 and 
13 d later failed to uncover any crickets. However, to 
ensure that the enclosures were cricket-free we re- 
sprayed all enclosures on 21 August. 

On 28 August we collected 92000 adult Allonemo- 
bius: 1000 from the south-facing slope (predominantly 
A. allardi) and 1000 from areas adjacent to the Cow 
Pond (predominantly A. fasciatus). Species identifi- 
cations were made in the laboratory. We then set up 
four cages each containing 100 A. allardi, four cages 

TABLE 1. Species composition of collections from hilltop 
(HT) and west pond (WP) sites. 

Numbers of 
individuals 

Date of A. A. 
Sites collection allardi fJasciatus 

HT 21 September 1979 30 0 
13 July 1980 66 2 

WP 13 June 1980 2 98 
3 July 1980 3 111 

24 July 1980 2 43 

TABLE 2. Species composition of adults collected from en- 
closures on 16 October 1980. Original (4 September) pop- 
ulations were 100 individuals per enclosure (50 + 50 in the 
mixed-species treatments). 

En- 16 October composition 
clo- A. allardi A. fasciatus 
sure 
num- Original Fe- To- Fe- To- 

Site ber composition Malemale tal Malemale tal 

WP 3 A. allardi 3 0 3 0 0 0 
4 A. allardi 1 9 10 0 0 0 
1 A. fasciatus 0 0 0 2 8 10 
6 A. fasciatus 2 6 8 4 0 4 
2 mixed 7 3 10 0 6 6 
5 mixed 0 2 2 3 2 5 

13 20 33 9 16 25 

HT 7 A. allardi 0 4 4 0 0 0 
12 A. allardi 5 13 18 0 0 0 
9 A. fasciatus 0 0 0 3 6 9 

10 A. fasciatus 3 2 5 5 6 11 
8 mixed 7 9 16 3 4 7 

11 mixed 4 2 6 1 3 4 
19 30 49 12 19 3 1 

each containing 100 A. fasciatus, and four cages each 
containing 50 A. allardi and 50 A. fasciatus. Each cage 
had equal numbers of males and females of each 
species. On 4 September, we released one cage of 
crickets into each of the 12 enclosures. Two replicates 
of each treatment were represented at both transplant 
sites (Table 2 and Fig. 1). 

We arrived at the numbers to be released as a com- 
promise between the need for adequate sample sizes 
and a desire not to inflate field densities in the enclo- 
sures severely. We estimated field densities of the two 
species on 24 July 1980 by exhaustively sampling, with 
D-VAC and net, two 1?/2 x 1?V2 m areas, one within 2 
m of WP, the other within 2 m of HT. Both collections 
yielded 34 Allonemobius. Thus, release of 100 crickets 
into an enclosure exaggerated field densities by a fac- 
tor of three, but was necessary to ensure sufficiently 
large sample sizes. 

Except for weekly checks of the enclosures to look 
for and repair tears in the walls, we left them undis- 
turbed for the next 6 wk. Only one tear was ever found, 
in an outer wall of enclosure 10. It was repaired 
promptly. On 16 October, D. J. Howard spent 7 mill 
in every enclosure catching crickets with a sweep net. 
Crickets obtained were counted and identified to 
species in the laboratory. 

These collections allowed us (1) to compare adult 
survivorship within the enclosures and (2) to monitor 
how effective the enclosures were as barriers to move- 
ment of adults. We only censused adults once because 
more frequent monitoring would have resulted in se- 
vere disturbance of the enclosures. Both species of 
Allonemobius tend to hide in the vegetation, and sim- 
ple visual inspections are not adequate either to count 
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FIG. '. Proportion of A. allardi found in quadrats and at 
the west pond site over the course of three field seasons. The 
darkened areas of the bars represent the proportion of A. 
(llardi. Number above each bar gives the number of individ- 
uals collected. 

or to identify individuals. We felt that the harmful ef- 
fects of regularly entering the enclosures and search- 
ing for crickets would more than offset the advantages 
of such a detailed census procedure. We decided to 
wait until late in the season to sample the enclosures 
in order to provide females with sufficient time to lay 
eggs. 

Our fences were destroyed during the winter and 
were rebuilt in April 1981 before any cricket eggs had 
hatched. In rebuilding, we were careful to lay down 
the new polyethylene along exactly the same lines oc- 
cupied by the old polyethylene. 

First-instar nymphs of both species begin to appear 
in this part of North America in early June. We first 
sampled from the enclosures on 16 June. Using the 
D-VAC we collected in each enclosure for 30 s, enough 

time to cover the entire area of each enclosure. Nymphs 
from each enclosure were identified to species by their 
Mdh phenotype. 

Because samples of nymphs from WP contained few 
individuals, we repeated our enclosure collections on 
23 June 1981. On this occasion we collected with the 
D-VAC for 30 s in all the enclosures at HT but for 2 
min in the enclosures at WP. Although we could cover 
the entire surface area of an enclosure in 30 s, we have 
found that repeated collection of the same area yields 
greater numbers of nymphs, i.e., not all nymphs are 
sucked up the first time around. 

For both numbers of surviving adults and numbers 
of nymphs the following year, we used a three-way 
analysis of variance with replication (Sokal and Rohlf 
1969) to test for effects of species differences, site dif- 
ferences, treatment differences, and interactions be- 
tween these factors. For analysis we doubled the num- 
ber of individuals found in mixed-species enclosures 
to compensate for the initial difference in single-species 
density. Data were log transformed before analysis. 
With log-transformed data, doubling values adds a 
constant value to the effects terms in the analysis of 
variance but does not change the error distribution. 

Oviposition pre/er-eicwe 

An obvious difference between A. allardi habitats 
and A. ftaIsciatUs habitats is soil moisture. We wanted 
to know whether females of either species displayed 
a strong oviposition preference for dry soil or wet soil 
and whether this preference might help explain habitat 
segregation. We investigated this question in the lab- 
oratory. 

We collected adult females at the Zucker farm on 
10 September 1980. On 12 September, 14 females of 
each species were placed into each of three plastic 
cages (28 x 29 x 9 cm). Each cage contained four open 
Petri dishes (90 x 20 mm) filled with 75 mL of a 4:3 
sand: soil mixture. The soil in each Petri dish was 
moistened with 10, 15, 20, or 25 mL of deionized water, 

TABLE 3. Three-way analysis of variance with replication, 
evaluating the effect of species, site, and treatment on sur- 
vival of adult Allonemnohius. Before analysis data were log 
transformed. 

Source of variation df ss MS 

Species 1 0.0006 0.0006 0.01 NS 
Site 1 0.1269 0.1269 1.27 NS 
Treatment (single 

vs. mixed species) 1 0.1772 0.1772 1.77 NS 

Species x site 1 0.0304 0.0304 0.30 NS 
Species x treatment 1 0.0242 0.0242 0.24 NS 
Site x treatment 1 0.0009 0.0009 0.01 NS 
Species x site 

x treatment 1 0.0328 0.0328 0.33 NS 

Error 8 0.8007 0.1001 

Total 15 1.1934 
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TABLE 4. Species composition of offspring in enclosures in 
June 1981. Nymphs were collected on 16 and 23 June. See 
text for details. 

June composition 

Enclosure Original A. A. 
Sites number composition allardi fasciatus 

WP 3 A. allardi 12 3 
4 A. alaIlardi 24 1 
1 A. fasciatus 5 35 
6 A. fJasciatus 9 28 
2 mixed 7 10 
5 mixed 9 18 

66 95 

HT 7 A. allardi 64 1 
12 A. alaIlardi 127 4 
9 A. frisciatus 10 111 

10 A. fiasciatus 7 32 
8 mixed 68 91 

11 mixed 36 1 3 
312 252 

giving a range from barely moist to very wet. Position 
in the cage at one of the four corners was determined 
randomly. The experiment ran for 4 d, and we ran- 
domly changed Petri dish positions within a cage every 
day. Food (Purina Cat Chow'") was evenly scattered 
throughout each cage, and a wet cotton ball was placed 
in the center. At the end of the experiment we counted 
the eggs in each dish. 

RESULTS 
Distribiutioni patterns in the field 

The results of the six collections from quadrats 1-9 
are presented in Fig. 2. We also include census data 
from collections directly adjacent to and inside WP. 

Three of the collections (21 September 1979, 28 Au- 
gust 1980, and 10 October 1980) were made when the 
vast majority of crickets in the field were adults. The 
other three collections were made when no adults were 
present, and most individuals were early- (13 June 1980, 
16 June 1981) or middle- (3 July 1980) instar nymphs. 
Nymphs and adults clearly had very similar distribu- 
tion patterns in the field. Moreover, these patterns were 
stable during the three years of our study. 

WP was the wettest area of pasture and consistently 
had the highest proportion of A. fasciatus. Along the 
transect, quadrats 1-4 (the wetter part of the transect) 
contained a mix of A. allllrdi and A. fasciatus, with 
the latter decreasing in abundance away from the pond. 
Alloneinobius Jflscialtus was only rarely collected on 
the dry south-facing slope in quadrats 5-9. 

Transplant studies 

There were no significant differences in adult sur- 
vival among sites, between species, or between treat- 
ments (Tables 2 and 3). Moreover, none of these fac- 
tors interacts significantly with any other. The number 

of adults surviving in each enclosure was only a small 
fraction of those initially introduced. This was not un- 
expected, since we delayed our census until mid-Oc- 
tober, by which time field populations of A. allardli 
and Afril~sciuitus had been declining for a month. Table 
2 also shows that for both species we found more fe- 
males than males. 

We found evidence of contamination in two enclo- 
sures, numbers 6 and 10. Only A. fjscisitu~s was re- 
leased into both enclosures, but 5 out of 16 crickets 
in enclosure 10 were A. (llIardi, and 8 out of 12 crick- 
ets in enclosure 6 were A. allardi. We presume that 
the A. allardli in enclosure 10 came from adjacent areas 
of dry pasture where A. (llardi is abundant. These 
crickets may well have entered the enclosure through 
the hole we found in the polyethylene fence (see Ma- 
terials and Methods). However, the 8 A. allar-di in 
enclosure 6 were likely the result of leakage from 
neighboring enclosures, since in this case the contam- 
inating species is rare outside the enclosures. In per- 
forming our data analysis we ignored contamination. 
If the A. allardi in enclosure 6 did come from neigh- 
boring enclosures, then our comparisons underesti- 
mate the overall survival of that species at WP. 

We found no significant differences in the number 
of offspring produced by the two Allonemohius species 
at either transplant site (Tables 4 and 5). Moreover, 
the presence or absence of one species had no signif- 
icant effect on the number of nymphs produced by the 
second species. However, site differences did have a 
significant impact on the number of offspring pro- 
duced. We found significantly more nymphs of both 
species in dry pasture (HT) than in wet pasture (WP) 
(P < .01). The significance of this difference is under- 
scored by the fact that we collected for longer periods 
of time in the WP enclosures than in the HT enclo- 
sures. 

TABLE 5. Three-way analysis of variance with replication 
evaluating the effects of species, site, and treatment on 
Allonemohius offspring production. Before analysis data 
were log transformed. 

Sig- 
nifi- 

Source of cance 
variation df ss MS F, (P) 

Species 1 0.0061 0.0061 0.07 NS 
Site 1 1.2194 1.2194 14.47 <.01 
Treatment (single NS 

vs. mixed 
species) I 0.0000 0.0000 0.00 NS 

Species x site 1 0.1729 0.1729 2.05 NS 
Species x treatment I 0.0001 0.0001 0.00 NS 
Site x treatment I 0.0099 0.0099 0.12 NS 
Species x site 

x treatment 1 0.0009 0.0009 0.01 NS 

Error 8 0.6740 0.0842 

Total 15 2.0831 
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TABLE 6. Number of eggs laid in soil moistened with different amounts of water. 

mL of water Signifi- 
cance 

Species Cage 10 15 20 25 Total Degrees of freedom x2 (P) 

Number of eggs laid 
A. allardli OPI 25 33 85 108 251 3 77.33 <.005 

OP2 30 23 40 101 194 3 78.78 <.005 
OP3 30 38 61 89 2 18 3 38.62 <.005 

Total 9 194.73 <.005 
Sum 85 94 186 298 663 Pooled 1 178.39 <.005 

Heterogeneity 8 16.34 <.05 

A. fasciatus OP4 27 37 24 41 129 3 6.04 NS 
OP5 34 42 34 0 110 3 37.82 <.005 
OP6 8 12 9 4 33 3 3.96 NS 

Total 9 47.82 <.005 
Sum 69 91 67 45 272 Pooled 1 15.59 <.005 

Heterogeneity 8 32.23 <.005 

Our polyethylene fences clearly did not prevent all 
movements of nymphs between enclosures, or from 
outside, as evidenced by contamination of single- 
species enclosures. Again we ignored contamination 
in the data analysis. The effect of doing this can be 
evaluated as follows. We can consider each set of six 
contiguous enclosures as a single large enclosure into 
which we introduced equal numbers of the two species. 
The totals in Table 4 reflect production of offspring in 
these two large enclosures. Because of the relative 
species abundances outside the enclosures, any con- 
tamination at WP (where A. fasciatus produced more 
offspring) must have been due to A. fasciatus, and any 
contamination at HT (where A. allardi produced more 
offspring) must have been due to A. allardi. At each 
site contamination from outside could only enhance 
the apparent success of the species commonly found 
at that site. Therefore the totals in Table 4 represent 
a maximum estimate of species differences. 

Oviposition preference 

Although A. allardi females laid eggs in all ovipo- 
sition dishes, they clearly preferred the wetter dishes 
(Table 6). In all three replicates there is a highly sig- 
nificant deviation from random with the most favored 
oviposition site being the 25-mL water dish (chi-square, 
P < .005). A. fasciatus females do not show the same 
preference. In two of the three replicates, there is no 
significant deviation from random. In the third, fe- 
males entirely avoided the very wet oviposition dish. 
Overall, A. fasciatus females deposited significantly 
more eggs in the dish with 15 mL of water (pooled chi- 
square, P < .005). However, the heterogeneity among 
the replicates makes it difficult to attach much weight 
to this result. The safest conclusion from these data is 
that A. flisciatus females exhibit no strong oviposition 
preference with regard to soil moisture content. 

DiSCUSSION 

The estimates of relative species abundance for 1979, 
1980, and 1981 clearly document the habitat associa- 
tion of A. allardi with dry pasture and A. farsciatus 
with wet pasture. The degree to which the two species 
are segregated is best demonstrated by comparing the 
species composition of collections from WP, the wet- 
test site studied, and collections from HT, one of the 
driest sites studied. These sites are only 70 m apart in 
a continuous area of grazed pasture. Of 259 crickets 
collected during the summer of 1980 from WP, all but 
7 were A. fasciatus. Of 98 crickets collected at HT in 
1979 and 1980, all but 2 were A. allardi (Table 1). The 
transect collections also revealed dramatic changes in 
relative species abundance over a distance of 10-20 
m. Moreover, the location of this transition remained 
constant from one developmental stage to another and 
from year to year. 

What determines the habitat associations of these 
remarkably similar cricket species? In many groups of 
insects, habitat association may be a consequence of 
specific resource requirements, especially dependence 
on particular food plants. However, different food plant 
preferences are not an obvious explanation for habitat 
segregation among ground-living crickets, which prob- 
ably utilize a wide variety of food resources (Alex- 
ander 1968, Harrison 1978). 

Differential survival in different habitats could be 
responsible for observed patterns of habitat associa- 
tion. Differential survival has been implicated in shap- 
ing zonation patterns in the rocky intertidal (Connell 
1972, 1974). The intertidal is a clearly defined envi- 
ronmental gradient, and transplant experiments can be 
used to study survivorship in different parts of the 
gradient. Such direct field experiments have been rare 
in studies of terrestrial animals, although laboratory 
studies examining the importance of physiological ad- 
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aptation have been quite common (e.g., Heller and 
Gates 1971, Heller and Poulson 1972, Hoover et al. 
1977). In our transplant experiments we monitored (I) 
the number of adults of A. allardi and A. fasciatus 
surviving for 6 wk in enclosures built in wet and dry 
areas of a pasture and (2) the number of offspring they 
produced the following summer. We did not follow 
survivorship of nymphs throughout the summer. We 
found no significant difference in adult survival be- 
tween species at the two sites (Tables 2 and 3). Al- 
though A. (illardi rarely ventures into the wet pasture 
at the west end of the Cow Pond (Table 1), adults are 
capable of surviving there. Similarly, A. fasciatus 
adults are clearly able to survive in the dry pasture at 
the top of the south-facing slope, although they are 
rarely found there. Finally, the presence or absence 
of one species had no significant effect on the survival 
of the other. Given the striking pattern of habitat seg- 
regation of the two species, only if differences in adult 
survival are large could they be invoked as an impor- 
tant proximate factor limiting distributions. Clearly, 
differences in adult survival are not large. 

Since there was no significant difference in adult 
survival, the numbers of nymphs in the enclosures the 
following spring should reflect fecundity of females 
and survival of overwintering eggs, developing em- 
bryos, and early-instar nymphs. We detected no sig- 
nificant difference between species in number of sur- 
viving offspring at either WP or HT (Table 5). 
Obviously, both A. (illardi and A. faisciatus can re- 
produce and overwinter successfully in habitats in 
which they ordinarily do not occur. Thus, differential 
reproductive success cannot be invoked as a proxi- 
mate factor determining patterns of habitat segregation 
in these species, although small differences (masked 
by heterogeneity among our replicates) may, over evo- 
lutionary time, have affected patterns of habitat utili- 
zation. Although there was no significant difference 
between species in offspring production at either site, 
there was a significant difference between sites. Both 
A. allardi and A. fJisciatus apparently produced more 
offspring at HT than at WP (Tables 4 and 5). However, 
this may have been a sampling artifact. Because the 
enclosures at WP were covered by dense vegetation, 
the soil was cooler, and egg hatch may have been sig- 
nificantly delayed. (Nymphs collected in the WP en- 
closures in late June were virtually all first or second 
instar, while larger nymphs were common on the 
warmer, drier slope.) If we had collected later in the 
summer we may not have found a significant differ- 
ence in numbers between the two sites. 

Another factor which can play a critical role in the 
habitat segregation of closely related insect species is 
oviposition preference. This is especially true for 
groups with relatively immobile juveniles (in which 
case oviposition choice determines habitat associa- 
tions of the larvae). For example, Fogleman et al. ( 198 1) 

have shown that habitat segregation between two 
species of Drosophila found in the Sonoran desert is 
largely a function of the oviposition preference of one 
of the species. In the field, larvae of Drosophila met- 
tleri occur almost exclusively in soil soaked with cac- 
tus rot juices, whereas larvae of D. nigrospiracula are 
found only in rotting cactus tissue. In the laboratory 
the larvae of D. nigrospiracula cannot survive in soaked 
soil substrate; however, when D. mettleri females are 
forced to oviposit in rotting cactus tissue, the larvae 
survive as well as they do in soaked soil (Fogleman et 
al. 1981). Thus, the habitat segregation of these two 
species is largely a function of the oviposition pref- 
erence of D. mettleri. Similarly, in a study of three 
Aristolochia-feeding swallowtail butterflies, Rausher 
(1979) demonstrated that habitat segregation of one 
species, Parides montezumna, from two other species, 
Battus philenor and B. polydamus, is largely a con- 
sequence of oviposition preference. For all three 
species larval survival and development are enhanced 
in shady habitats relative to sunny habitats. However, 
only P. montezuma lays most of its eggs in shady hab- 
itats. 

Our laboratory studies of oviposition preference do 
not provide any evidence that it plays an important 
role in the habitat segregation of A. allardi and A. 

fasciatus. A. allardi, the dry-pasture cricket, prefers 
to lay its eggs in wet soil, whereas A. cfasciatus, the 
wet-pasture cricket, displays no strong preference for 
wet or dry soil. We can explain this finding if we as- 
sume that ground cricket eggs are particularly suscep- 
tible to desiccation in dry areas. If so, there may be 
strong selection for A. allardi females to oviposit in 
the wettest soil available, because the range of soils 
they normally encounter includes soils that are often 
too dry but rarely, if ever, too wet. However, A. fas- 
cialtus is always near wet soil, so there may be no 
selection pressure to choose wet soil for oviposition. 
Thus, oviposition preference may be a consequence 
rather than a cause of habitat association in these 
ground crickets. This scenario emphasizes that cues 
used in choosing oviposition site may be independent 
of those used in habitat selection. 

In a companion paper (Howard and Harrison 1984) 
we explore whether habitat selection or interspecific 
competition can explain field distribution patterns. We 
find good evidence for habitat selection in A . Jatsciattus 
but no support for the notion that current competition 
affects distribution patterns. 
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