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Abstract. Coprophagous insect communities play a critical role in the decomposition of vertebrate dung and provide ecosystem
functions fundamental to modern agriculture. While the ecology of dung beetles is rather well understood, niche differentiation in
coprophagous flies is poorly studied. Sepsid flies (Diptera: Sepsidae) are a vital part of the European community of coprophages,
with 6—7 widespread species of Sepsis often found co-occurring in the same pasture. To advance our ecological understanding of
the mechanisms that enable species to coexist, we investigated the oviposition preferences and larval performance of 7 common
species of Sepsis in the dung of different large domestic and wild mammals. Substrate preferences and subsequent performance
of larvae in laboratory experiments did not vary greatly. All species did very well on cow dung, the most common substrate in
Central Europe, but also on dung of horse and wild boar. In contrast, flies did not prefer or grow well in dung of red and roe deer,
two of the most common wild vertebrates. Thus there were only minor differences among the species tested along the specialist-
generalist (dung) gradient, indicating that differences in the choice of oviposition sites by the adults of the different fly species
and larval performance do not constitute a major axis of ecological differentiation. Nevertheless, there was a positive correlation
between substrate choice and larval performance indicating the preference of gravid females for particular oviposition sites is
adaptive. We conclude that sepsids are common in Europe because they are well adapted to the dung of herbivorous livestock
rather than wild animals. Nevertheless, specialization on particular types of dung does not define the niche of Sepsis dung flies
and hence plays a minor role in mediating their species diversity.

INTRODUCTION

According to the principle of competitive exclusion,
species that inhabit identical or very similar ecological
niches should not be able to coexist. Hence, species that
are dependent on the same physiologically non-substitut-
able resource are expected to only co-occur if they man-
age somehow to evade direct competition (Holt, 2009).
Such niche differentiation can therefore be explained as
an evolutionary result of competitive divergence by which
competition for the same resource leads to ecological char-
acter displacement, niche shifts and eventual competitive
exclusion of one species by another (Abrams, 1987). Of
course, this ghost of evolution past typically cannot be
retrospectively demonstrated in any particular existing
community. Instead, in practice, niche differentiation is in-
ferred post-hoc by comparing closely related species that
do, or do not, coexist in space or time. This typically starts
with an assessment of the spatio-temporal distribution of
organisms belonging to a particular guild in nature (e.g.

Zuo et al., 2011; Loboda et al., 2018). In such work, the
abstract concept of a species’ ecological niche needs to be
operationalized with regard to specific key environmental
factors (food, temperature, phenology, etc.) that can be
phenomenologically assessed (e.g. via global distribution
data reflecting the climatic niche of a given species’ habi-
tat; e.g. Phillimore et al., 2012; Stahlhandske et al., 2017)
or experimentally investigated (e.g. via laboratory studies
of a species’ thermal niche; Angilletta, 2009). The latter in-
volves systematic assessment of life history or fitness traits
(survival, fecundity, body size, growth rate, development
time, etc.) in response to the putative environmental factor
in question (temperature, food quality, etc.). Subsequent-
ly, experiments that directly address currently operating
competition between species, and hence competitive ex-
clusion, can be conducted (Pacala & Roughgarden, 1985;
Fox, 2002; Levine & HilleRisLambers, 2009; Violle et al.,
2011; Germain et al., 2016).
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Niche differentiation is intrinsically multidimensional
and often includes a plethora of biotic and abiotic com-
ponents. Despite the multifaceted nature of the ecology
of a species, niche differentiation (or ecological character
displacement) in relation to resource use is probably one
of the most common ways by which diversity is increased
(e.g. Schluter et al., 1985), and is repeatedly found in para-
sites, pollinators and herbivorous insects (Farrell & Mit-
ter, 1990; Ronquist & Liljeblad, 2001; Zuo et al., 2011).
Physiological adaptations that allow for efficient nutrient
acquisition are often seen as the main drivers of niche dif-
ferentiation. At least in species whose immatures are poor
dispersers, choice of oviposition site by the mothers plays
an additional major role. It has often been proposed that
female’s choice of oviposition site should evolve to maxi-
mize larval performance, though the interplay between
these two factors is complex (Wiklund, 1975; Fox & Cz-
esak, 2000; Forister, 2004; Gomez Jiménez et al., 2014;
Konig et al., 2016), as other factors, such as e.g. optimal
foraging by gravid females (Forister et al., 2009), can lead
to different and sometimes suboptimal outcomes.

Coprophagous insect communities play a critical role in
the decomposition of vertebrate dung, and as such provide
early case studies of ecological community structure and
species interactions (Hammer, 1941; Hanski & Cambe-
fort, 1991; Skidmore, 1991; Lumaret et al., 1992, 1993;
Jay-Robert et al., 1997; Kadiri et al., 1997). Effective dung
decomposition is crucial for nutrient cycling, and conse-
quently of ecological and economic importance in (man-
aged) agricultural grasslands with high cattle densities as
are common throughout Central Europe. Previous studies
demonstrate complex spatio-temporal patterning and rapid
succession of species in cow dung (Hammer, 1941; Hanski
& Cambefort, 1991; Jay-Robert et al., 1997; Kadiri et al.,
1997; Rohner et al., 2015; Sladecek et al., 2017). However,
whereas dung beetles are relatively well studied (Hanski
& Cambefort, 1991; Lumaret et al., 1992, 1993; Bertone
et al., 2005; Lee & Wall, 2008), coprophagous dipteran
communities are not well researched even though more
than 250 central European fly species depend on decaying
organic matter for their reproduction and larval develop-
ment (Hammer, 1941; Hanski & Cambefort, 1991; Skid-
more, 1991; Papp, 1992; Rohner et al., 2015; Jochmann &
Blanckenhorn, 2016).

Black scavenger or dung flies (Diptera: Sepsidae) are
common worldwide (Ozerov, 2005). This group gener-
ally depends on decaying organic matter for reproduction
and larval development. Thus, together with various dung
beetles, which tend to be much larger on average but not
as numerous, and other fly groups, sepsid flies are part of
most if not all coprophagous insect communities in natural
and human-influenced agricultural grasslands across the
globe (see e.g. Hammer, 1941; Skidmore, 1991; Blanck-
enhorn et al., 2016; Floate et al., 2016; Jochmann et al.,
2016). Though developing in a broad range of substrates
(rotting plant matter, carcasses, sewage, etc.), sepsids are
reported to be more or less specialized on particular live-
stock faeces (Pont & Meier, 2002). Nevertheless, several
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widespread species of Sepsis with apparently very similar
ecological niches coexist in Europe (Pont & Meier, 2002;
Rohner et al., 2015; Rohner & Béchli, 2016). For example,
all 12 species of Sepsis reported in Switzerland (Haenni,
1998; Rohner et al., 2015) were found in a single tempo-
ral sample from one high-altitude pasture in Lenzerheide,
Switzerland, by Rohner et al. (2014). Even though past
research assumes that such coexistence of closely related,
ecologically similar sepsid flies must result at least in part
from specialization in terms of their breeding substrate, i.e.
dung quality (Pichel, 1993; Pont & Meier, 2002), there
are hardly any experimental studies that have tested this
hypothesis. So the precise causes of the ecological niche
differentiation of such a large number of sympatric species
remain puzzling and rudimentary at the local, regional and
even global scales.

Here we investigate niche differentiation in oviposition
preference and larval performance in relation to different
kinds of breeding substrates of a number of species of Sep-
sis that commonly co-occur throughout Europe, the first
systematic experimental investigation of its kind. While it
is known that most Sepsis spp. can breed successfully in
cow dung, there are many other types of livestock and wild
mammal dung available in agricultural areas and forests
that are at least occasionally visited and used as breed-
ing substrates by adult sepsids (Pont & Meier, 2002). The
precise composition of dung (i.e. larval food) in terms of
bacteria and fungi, as well as its consistency, dryness, par-
ticle size and specific nutrients is likely essential for larval
growth, development and survival (i.e. fitness; e.g. Luma-
ret, 1995), and might lead to niche differentiation between
species. We offered 6 common types of dung (boar, cow,
horse, red deer, roe deer, sheep) to 7 species of Sepsis in
the laboratory in order to assess, (1) the dung preference
of ovipositing females in a choice experiment, and (2) the
survival, development time, growth rate and final body
size of flies that developed in each type of dung. If dif-
ferential resource use facilitates the evasion of competition
and hence enables co-occurrence, we expected larvae to
be specialized on different types of dung (or particle sizes,
nutrient contents, etc.), and this should be reflected in both
larval performance and oviposition choice. If the choice
of oviposition sites by gravid females is adaptive, we also
expected a positive correlation between female oviposi-
tion preference and larval survival in the different types
of dung.

MATERIALS AND METHODS

Species, dung collection and general rearing methods

We investigated several species that commonly co-occur in
Europe (S. cynipsea, S. fulgens, S. neocynispea, S. orthocnemis,
S. punctum, S. thoracica), along with North American S. punc-
tum (Ottawa, Ontario, Canada) and S. neocynipsea (Belgrade,
Montana, USA), and S. lateralis from Tenerife (La Laguna, Ca-
nary Islands, Spain) for direct comparison. We therefore used 9
evolutionary independent lineages that we refer to as “species”
or “taxa” for simplicity (note that continental populations of S.
punctum and S. neocynipsea differ markedly in behaviour, mat-
ing system and morphology: Dmitriew & Blanckenhorn, 2012;
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Fig. 1. Mean probability (filled circles) + SE of egg-to-adult survival of larvae of 9 (sub)species of Sepsis developing in 6 types of vertebrate
dung (open circles denote the full range of the 3 replicates; species: P = 0.002; type of dung and interaction: P < 0.001).

Puniamoorthy et al., 2012; Rohner et al., 2016; Giesen et al.,
2017; Rohner & Blanckenhorn, 2018). The Central European in-
dividuals tested came from standard cultures of all species origi-
nally collected around Schwamendingen, Zurich, Switzerland
(47.34N, 8.54E; ca. 450 m altitude), except for S. neocynipsea,
which came from nearby Sérenberg, Switzerland (46.87N, 8.27E;
ca. 1150 m), as it is rare in the lowlands. Using standard rearing
methods, at least two replicated cultures were available per spe-
cies consisting of ca. 200 adult flies kept in 3-liter (2.2 x 1.2 x 1.2
dm?®) plastic containers supplied with sugar, water, and cow dung
ad libitum at constant 18°C, 60% r.h., and 14 h light.

We used dung from 6 large wild and livestock mammals com-
mon in Switzerland: wild boar, cow, horse, red deer, roe deer and
sheep. Cow and sheep dung was collected from nearby farms; all
other dung from wild animal parks (cow: cattle farm in Schwa-
mendingen, Zurich; sheep: Institute for Animal Nutrition of the
University of Zurich; horse: Wildpark Langenberg; boar, roe

deer, red deer: Tierpark Goldau). In all cases, freshly collected
dung from many individuals was mixed thoroughly and subse-
quently frozen at —80°C for at least 2 weeks to kill all arthropods.
After defrosting, we measured the water content of all the differ-
ent types of dung thrice by weighing the dung before and after
drying for 48 h at 60°C.

Larval performance

To obtain test individuals of a given species for the experi-
ment, small dishes with fresh cow dung were placed inside their
standard laboratory cultures for 24 h for females to lay eggs.
This dish was subsequently removed and stored at 24°C for 48
h until larvae hatched and had reached the second instar (follow-
ing Ferrar, 1987) and were large enough to be handled. 20 lar-
vae per species/dung replicate were then transferred with a fine
brush into rectangular dishes (44 x 22 x 16 mm?®) filled with dung
(approximately same volume and weight for all types of dung),
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Fig. 2. Mean length of hind tibia (in mm; A) and egg-to-adult development time (in days; B, see next page) + SE of larvae of 9 (sub)species

of Sepsis developing in 6 types of vertebrate dung.

which were individually held in glass vials lined with filter paper
at 24°C. We scored survivorship as the proportion of individuals
that emerged, their sex-specific (egg-to-adult) development time
and measured the length of their hind tibia as a reliable index of
body size. A rough linearized growth rate was calculated as hind
tibia length divided by development time (in days). We thus had a
7 (9) species by 6 dung types (by 2 sexes) design, each combina-
tion replicated 3 times (with experimental dish as random effect
because several individuals of both sexes emerged from each).
Non-significant interactions were removed.

To quantify and compare the degree of specialization among
species, we used the larva-to-adult survival data and calculated
various diversity indices that indicate how well a species deals
with the different types of dung. For each replicate, we calcu-
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lated (i) the total number of individuals per species that emerged
from each type of dung (akin to species richness), (ii) evenness,
which quantifies the variation in the proportions of individuals
that emerged from the different types of dung, and (iii) the Shan-
non-diversity index. ANOVAs were used to test for differences in
these diversity indices among species.

Adult oviposition preference

Using the same species and types of dung as above, we con-
ducted a second experiment to determine the oviposition prefer-
ences of females of a given species when simultaneously offered
all types of dung (following Blanckenhorn et al., 2013). Small
rectangular dishes (44 x 22 x 6 mm’®) filled with dung of each
kind were simultaneously introduced in a randomized spatial
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Fig. 2 (continued).

array into the above-described 3-litre population containers con-
taining many individuals of each species (at 18°C). After 24 h, all
eggs laid were counted. There were three (container) replicates
per species / population.

RESULTS

Larval performance

Larva-to-adult survival of species varied significantly in
the different types of dung (P = 0.002; dung and taxa by
dung interaction: P < 0.001). Survival in deer dung and
sheep dung was generally poor for all taxa. By contrast,
survival in dung of cattle, horse and wild boar was high,

except for S. cynipsea, which also survived poorly in wild
boar dung (Fig. 1). Correspondingly, the adult flies that
emerged, after roughly the same egg-to-adult development
time, from red and roe deer and sheep dung tended to be
smaller, implying slower larval growth (Fig. 2; Table 1).
The different species varied in their performance in the dif-
ferent types of dung (significant species by dung interac-
tion in Table 1). While Shannon index and richness based
on larval survival did not differ among species (F, |, = 1.74,
P=0.161; F; ,= 1.46, P = 0.243, respectively), there was
interspecific variation in evenness (F ;= 3.16 P = 0.022;
Fig. 4).

79



Laux et al., Eur. J. Entomol. 116: 75-84, 2019

doi: 10.14411/eje.2019.008

S. cynipsea S. fulgens S. lateralis
1.00 4 [e)
o
0.754 o o
o o
0.504
o
o
0259 f $
0.00 1 ® e o e o o S e e o
g S. neocynipsea Montana S. neocynipsea Sérenberg S. orthocnemis
+ 1.004 o o
c
g ;
§, 0.754
T ° ©
8 0501
» o
> o °
Q2 0251 o + o
(=] o
o o
c t . o
2 0.001 ¢ ¢ ¢ o o ® o o o °© ° o o o
|
o . ,
g. S. punctum Ottawa S. punctum Ziirich S. thoracica
g 1.001 o
0754 o °
0.50 4 $ o o
¢ o
0.251 ° o
o 3 o g
0.00 1 e o o e o o e ° 8 e o
& ° @ R ) 2 N o 2 X 2 2 3 S Q o o
C)o 0\6 OO QJ® b@ b@l 00 0\6 Q @0 6?/ b@ 00 @ (©) Q,e (] Q
DN 0 & o 0 N & &
¢ s@ 2 & &b < \é@ 2 & &6 < @b 2 i @b
dung type

Fig. 3. Mean proportion (filled circles) + SE of the eggs laid by females of 9 (sub)species of Sepsis into 6 types of vertebrate dung offered
simultaneously as oviposition substrates (open circles denote the full range of the 3 replicates; species, type of dung and interaction: P

<0.001).

The proportion of water (+ SE) in the different types of
dung was estimated as: 0.81 (= 0.001) for that of cow, 0.77
(+ 0.013) for horse, 0.69 (= 0.007) for red deer, 0.72 (+
0.001) for roe deer, 0.78 (+ 0.003) for sheep and 0.71 (+
0.003) for wild boar (P <0.01).

Adult oviposition preference

In accordance with the results of the performance test,
most species of sepsid flies preferred cattle, horse and wild
boar dung over deer and sheep dung (Fig. 3), so there was a
positive correlation between performance and oviposition
preference (Fig. 5). In fact, no eggs whatsoever were laid

Table 1. Analysis of variance of the effects of 6 types of dung, 9 taxa and sex (plus their interactions; excluded if not significant) on the

length of the hind tibia, development time and growth rate.

Length of hind tibia

Development time Growth rate

MS df F P MS df F P MS df F P
Species 0.967 8 58.69 <0.001 129.341 8 120.25 <0.001 0.011 8 50.05 <0.001
Type of dung 3.287 5 185.62 <0.001 22.892 5 18.95 <0.001 0.021 5 92.68 <0.001
Sex 0.029 1 1.63 0.203 5.771 2 6.19 0.002 0.001 1 478 0.030
Species * type of dung  0.073 38 3.64 <0.001 3407 38 2.55 <0.001 0.001 38 2.79 <0.001
Species * sex n.s. 2.674 9 2.29 0.018 n.s.
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Fig. 4. Mean evenness (filled circles) + SE, a standard diversity
index indicating the degree of specialisation, of 9 (sub)species of
Sepsis flies for 6 types of vertebrate dung based on larval survival
(i.e. Fig. 1; the range of the replicates for each species is indicated
by the open circles).

into roe and red deer dung by any species of Sepsis (Fig.
3). Most species favoured cattle dung except S. orthocne-
mis, which favoured horse, sheep and wild boar dung even
though they also performed well on cattle dung (Fig. 3 vs.
Fig. 2).

While most species did well on at least cattle, but often
also horse and wild boar dung (i.e. wild pigs; the three
most common livestock in Europe: Figs 1, 2), S. cynipsea
preferred sheep (also very common) over horse, S. later-
alis preferred horse over wild boar, S. thoracica the op-
posite, whereas S. neocynipsea appears to be a cattle dung
specialist (Fig. 3). S. fulgens does well on both horse and
wild boar (besides cattle), with S. orthocnemis definitely
discriminating against cattle dung and preferring dung of
the other livestock (Fig. 3). Based on oviposition choice,
S. neocynipsea and S. thoracica seem most specialized on
cattle dung, whereas all other species are more generalist,
though the differences based on our data are not great (Fig.
3).

DISCUSSION

Given that diversity is often linked to ecosystem func-
tion (Oehri et al., 2017), understanding the mechanisms
mediating diversity and abundance of coprophages could
be vital for agricultural management. Substrate preferences
of ovipositing females and performance of larvae in the
laboratory did not vary greatly among 7 European species
of sepsids that commonly co-occur in pastures in nature.
All species did very well on cow dung, the most common
substrate in Switzerland, but also on that of horse and wild
boar. In contrast, flies did not grow well in dung of red
and roe deer, two of the most common wild vertebrates
in the area, and did not lay any eggs on it (Fig. 3). Hence,
the foraging niches of the closely-related species investi-
gated seem to overlap greatly, indicating that specialization
on different kinds of dung contributes little to the avoid-

doi: 10.14411/eje.2019.008

logit(larval survival)

dungtype
® cow O sheep
B horse O roe deer
A A wvild boar A red deer
3 2 -1 0 1

logit(proportion of eggs laid in substrate)

Fig. 5. Positive relationship of logit survival (from Fig. 1) and logit
oviposition preference (from Fig. 3) for 9 (sub)species of Sepsis
and 6 types of dung (P < 0.001). The oviposition prefence by spe-
cies interaction was not significant, hence type of dung and spe-
cies were both treated as random effects in the analysis.

ance of direct competition in the larval habitat. Despite
this rather slight interspecific variation, we nevertheless
found a positive correlation between a mother’s choice of
substrate and subsequent larval performance (i.e. survival)
across the 9 taxa (Fig. 5). This follows the expectation that
natural selection should align adult oviposition preference
and larval performance. We conclude that Sepsis spp. are
common because they are better adapted to the dung of
herbivorous livestock than that of wild animals. In con-
trast, the type of dung does not define the niche of Sepsis
dung flies, at least not in the absence of competition (as
tested here). The mechanisms allowing dung insects to co-
exist despite direct larval competition, therefore, remain
somewhat elusive.

Even though we did not find marked differences in the
dung preferences of the closely-related species investigat-
ed, substrate specialization of sepsid flies is very apparent
at higher phylogenetic levels. Orygma luctuosum, for in-
stance, which is the sister taxon to all other sepsids, breeds
exclusively on rotting brown algae. Zuskamira and Or-
talischema are mainly collected on horse dung, and most
members of the genus Themira are known to breed primar-
ily in waterfowl (ducks, geese, swans, etc.) excrement and
only rarely visit cowpats (Table 1 in Pont & Meier, 2002).
Substrate preference therefore is evidently not strongly
constrained and can evolve, but appears to vary primar-
ily among clades with little variation between very closely
related species or populations.

The association between larval performance and adult
oviposition behaviour is complex and has been debated
in the past. Insects, for instance, are described as show-
ing innate oviposition preferences (Dormont et al., 2010),
or attracted to or ovipositing preferentially on substrates
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that they themselves fed on during their larval develop-
ment (i.e. the highly-debated Hopkins host selection prin-
ciple: Barron, 2001). Oviposition can further depend on the
presence of other species or conspecifics (Dormont et al.,
2010). However, females may also reproduce at sites that
benefit themselves but not necessarily their larvae (Foris-
ter et al., 2009). Here we found females prefer those types
of dung that were most suited for their offspring. This is
most likely an adaptive response, even though sepsid fly
females are not able to detect hazardous residues of antibi-
otics (Conforti et al., 2018).

Although we studied the locally most common and
abundant species of sepsids and types of vertebrate dung,
this study is incomplete in that there are also several more
species and substrates. This is typically the case in studies
of e.g. host-parasite or plant-pollinator systems, where it
is often not possible to study all guild members and po-
tential substrates. While testing the dung of several verte-
brate herbivores (cow, horse, sheep, deer) and one omni-
vore (boar / pig), we did not test that of carnivores, even
though at least S. punctum, for instance, is known to breed
regularly in dog excrement (also a domesticated mammal:
Pont & Meier, 2002). While some sepsids are able to suc-
cessfully breed in dung of various (wild or domesticated)
carnivores, we doubt that many specialize on that type of
dung as it is too rare. However, Meroplius minutus is pu-
tatively “particularly attracted”, i.e. potentially a special-
ist, on human (an omnivore) faeces and is now presumably
rare because of the current high level of human hygiene
(van der Goot, 1987; Pont & Meier, 2002). Testing more
types of dung of many categories (omnivore, carnivore; cf.
Frank et al., 2017), rotting plant material and carcasses, is
therefore warranted. However, the finding that all species
tested seem to perform very well on cow dung indicates
these species share similar physiological foraging niches
and adaptations.

Frank et al. (2017) recently assessed the nutrient qual-
ity and quantity of dung produced by various wild and
domestic vertebrate herbivores, carnivores and omnivores
(including some birds) and found it to be unrelated to its at-
tractiveness for various species of dung beetles. Herbivore
dung had the highest C/N ratio and lipid content but low-
est amino acid content of all dung categories. Cow dung
(81% water, as estimated here), in fact herbivore dung in
general (Frank et al., 2017), has the highest water content
of all the types of dung tested. This might relate to Swiss
cows feeding largely on fresh grass rather than other types
of silage (e.g. corn mash, as is common in North America).
It is possible that the water content, in addition to various
nutritional aspects, plays some role in the flies’ choice of
particular type of dung for egg laying (as is the case in
other flies: Fatchurochim et al., 1989). This might be of
particular relevance if high water content lowers the risk
of desiccation and hence prolongs the duration over which
larvae can develop in the dung (Lumaret, 1995).

In conclusion, we found little variation in the preferences
for different types of dung and performance of 7 (9) closely
related and common dung flies. Preferences for different
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types of dung thus cannot account for, or define, the niche
differentiation of these species that regularly co-exist in
the same pastures or other sites in Switzerland and else-
where (Rohner et al., 2014, 2015, 2019). We further found
that oviposition preference of adults correlated with lar-
val performance, indicating the oviposition behaviour of
gravid fly females is adaptive. Given this association and
the low interspecific variance in performance across sub-
strates, it appears that the temperate sepsid flies tested are
well adapted to or dependent on the presence of vertebrate
species of livestock (rather than wild) (cf. Pont & Meier,
2002). Although sepsids are probably among the few taxa
that benefit(ed) from humanity’s agricultural activities and
are not of special conservation concern, our study never-
theless shows that these flies are particularly vulnerable
to residues of regularly-used veterinary pharmaceuticals
because of their predominant use of the dung of livestock
(Blanckenhorn et al., 2013; Puniamoorthy et al., 2014;
Floate et al., 2016; Jochmann et al., 2016; Conforti et al.,
2018).
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Appendix: Fig. A1. Mean (filled circles) + SE of various standard
diversity indices indicating the degree of specialisation of 9 (sub)
species of Sepsis flies for 6 types of vertebrate dung based on lar-
val survival (i.e. Fig. 1; the range in the replicates for each species
is indicated by the open circles).



