


























Figure 6. Species accumulation curve for wet and dry periods respectively.

Figure 7. Rarefaction curve (solid line) + 1 SE (broken line) for the full dataset, based on number of
captured butterflies. Labelled points refer to subsets of the complete dataset.

The different richness of wet and dry season is also apparent through rarefaction (figure 7). The
dry season dataset contains more species than would be expected from the overall dataset, and
the wet season contains fewer. Few of the seven study periods lie above the overall line and
three (periods 3-5, figure 7) lie more than a standard error below. This result suggests that the
overall diversity is greater than the average of all the study periods. One explanation for this
finding is that different portions of the overall community were sampled in the seven study
periods.



Figure 8. Species abundance distribution based on capture frequencies of 69 species of fruit-feeding
nymphalid species (histogram). Parameters for the fitted log-series distribution (solid line) are = 17.13
and x = 0.9822. Parameters for the log-normal distribution (dashed line) on the log base 3 scale are
mean —8.530, sd 3.990. Both distributions fit the observed frequencies equally well.
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The distribution of species capture frequencies does not resemble either the log-normal or the
log-series distributions (figure 8). However, the discrepancy between the observed and fitted
distribution is not significant in either case. In fact, the relative fit of both distributions to the
observed is equally good (D = 0.333, p = 0.89). Note, however, that the fit of the log-normal
distribution suggests around 400 species were never observed.

Temporal variation in abundance

Figure 9 shows the variation in capture frequency among study periods for the ten commonest
species. Just two species, Taygetis andromeda and Archaeoprepona demophon did not vary
significantly in capture frequency among periods. The remaining eight species all showed
highly significant variation, seven of which remain significant after sequential Bonferroni correc-
tion for multiple tests (table 2). For some species this variation has no discernible pattern, as in
Morpho amathonte. For others, such as Cithaerias menander and Tayegtis penelea, the major-
ity of all captures appear in a single period. Two species, Tigridia acesta and Taygetis salvini,
exhibited marked changes in abundance that coincided with the transition from wet to dry sea-
son. Taygetis salvini was the commonest species during the first few weeks of the study, but
declined markedly after the last significant rains (which fell in early December, corresponding to
the start of period 5) and was absent in January (period 7).

Discussion

The analyses have revealed several factors that may determine a species’ frequency of capture
in baited traps, including population density and phylogenetic inertia, as well as events happen-
ing on much shorter timescales. These results have several implications for the estimation of
butterfly abundance using baited traps.

One of the most important factors determining a species’ capture frequency is the population
density estimated by mark-recapture. This is reassuring and suggests that studies based on
naive capture frequencies have measured something biologically meaningful. However, popula-
tion density explained only 50% of the variation in species’ capture frequencies. Surprisingly
there was no effect of body size, suggesting that trappability is not simply a function of physical
ability to get into traps, or to escape from them.



Table 2. Tests for heterogeneity in capture frequency among study periods for the ten commonest species
overall. In each case I fitted a binomial ANOVA, estimating the scale parameter from the Pearson 2.

The predictor is the period of the study (a factor with seven levels) and response variable is the number of
animals caught on any given day (n = 52), with binomial denominator as the number of traps. #c is the
total number of captures across the whole study, r? and y? are the parameters of the model and p is the
uncorrected p-value The number of stars indicates the significance level after sequential Bonferroni
correction for multiple tests (*** p < 0.001; ** p < 0.01; * p < 0.05). Each model has 45 residual degrees
of freedom.

Species #e _r X _p
Tigiridia acesta 153 0.35 70.87 0.0002**
Morpho peleides 93 0.31 21.96 0.0025*
Cithaerias menander 57 0.53 78.29 <0.0001***
Taygetis salvini 54 0.53 50.69 <0.0001***
Antirrhea miltiades 51 0.41 35.65 <0.0001***
Taygetis andromeda 44 0.09 5.77 0.59
Archaeoprepona demophon 35 0.12 6.02 0.35
Morpho amathonte 35 0.32 22.63 0.0015**
Taygetis penelea 34 0.28 17.42 0.0215ns
Archaeoprepona camilla 33 0.28 19.45 0.0074*

There is strong evidence that subfamilies differ significantly in residual capture frequency, sug-
gesting that trappability may be associated with some aspect of butterfly behaviour that is
phylogenetically constrained. Morphine butterflies are much more likely to be trapped than other
species, which is surprising because two factors suggest that the opposite might be the case.
Firstly, several Morpho peleides were observed to escape from traps, suggesting that the overall
escape rate for baited traps may be high. Secondly, Morpho males are frequently observed
flying long distances along linear features (streams and the Pipeline Road) in search of females.
This means that the home ranges for these species are grossly underestimated, leading to an
overestimate of the true population density. However, the large home range also means that
the probability of encountering baited traps is much higher than for other species. If true then
we might expect a male biased sex ratio. This is certainly the case for Morpho amathonte:
females were not observed in traps even once. There is also a male bias in Morpho peleides:
40 males were trapped compared with just 12 females (sign test p = 0.0001). The third mor-
phine species, Antirrhea miltiades, does not show this behaviour and had nearly equal numbers
of males (14) and females (15). Satyrines were also more likely to be trapped than other sub-
families (although significantly less likely than morphines). Once possible explanation is that
data were generally collected in the morning. Satyrines are crepuscular and may have fewer
opportunities for escaping than species that are active during the middle of the day.

The above discussion is based on the premise that mark-recapture provides more accurate
estimates of true abundance than simple capture frequencies. However, Jolly-Seber and other
mark-recapture methods make a number of assumptions in order to derive population esti-
mates. The most important of these that all individuals (of a given species) have equal probabil-
ity of capture. This assumption is violated if the behaviour of marked animals is altered in a way
that affects their chances of being trapped in the future, either through trap shyness (aversion to
the trauma of capture and marking) or trap addiction (attraction to the bait or spatial learning).
Lewis (2003) felt sufficiently strongly about trap addiction that he moved his traps on each day
of fieldwork. Clearly, this is extremely time-consuming, so experiments to investigate this effect
would be timely.



Figure 9. Capture frequency by week for the ten commonest species overall.
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Methods exist to test and even overcome these kinds of problems, but these require a large
number of recapture events. Unfortunately, large samples are the exception rather that the rule:
of 24 species with mark-recapture population estimates, six were based on a single recapture
event, and only six are based on more than six recaptures. Anecdotally | can report several
instances where an individual was caught in the same trap on consecutive days. However, this
was rare and is unlikely effect the overall results.

Even if all the assumptions are met for all species, the small samples are themselves problem-
atic. The variance in population size is population size is severely underestimated for such
small samples (Southwood and Henderson 2000), although it is unclear whether small-sample
biases could be responsible for the perceived differences in catchability among subfamilies.
Clearly it would be desirable to have more recaptures. Given the short inter-capture distance of
most species, a higher recapture rate could probably have been achieved with a higher density
of traps (the same number of traps but covering a smaller area).

Notwithstanding the potential problems of mark-recapture methods, they are likely to be more
accurate that capture frequencies, particularly when considering relative, rather than absolute,
species abundance. This is because relative abundance estimates from mark-recapture will be
unbiased unless there are systematic biases in the way that method assumptions are violated
among species. This is more likely to be true than the assumption underlying capture frequen-
cies, namely equal catchability across species.

Both capture frequencies and mark-recapture estimates are based on sampling the population
in traps. Counting butterflies this way is convenient, but relies on an artificial situation, i.e. the
provision of bait. If traps provide the majority of all available food for fruit-feeding butterflies
then the habitat may become locally saturated with resources, possibly attracting animals over
long distances to take up temporary residence and generally providing a distorted picture of the
community structure under natural conditions. This effect is difficult to quantify without a thor-
ough census of the normal availability of rotting fruit, so it is important to compare abundances
estimated by trapping with other methods. This was the aim of the transect walks, carried out
towards the end of the study. Unfortunately, logistical problems prevented a large dataset from
being compiled. The results that were obtained provide a conflicting message. The finding that
the number of taxa shared by the two methods is consistent with the size of the local species
pool suggests that more intensive sampling would yield a better fit between the abundance
estimated by the two methods. However, some observations do suggest systematic differences
between the methods. For instance, the fact that 8/25 species seen on transects were never
trapped during the entire study (52 field days) suggests that some species that ought to belong
to the fruit-feeding guild are highly unlikely to be trapped. This supports the findings from the
trapping data, which showed some taxa have higher relative trapping frequencies than others
(table 1). Conversely, some of the most frequently trapped species were never observed on
transects (e.g. Taygetis spp., Tigridia acesta). These species are all relatively small and cryptic
(figure 10), so the difference between methods is likely to reflect low detectability rather than
strong preference for traps. Walpole and Sheldon (1999) suggest that a species probability of
detection on transects is related to flight behaviour.

Figure 10: Left to right: Tigridia acesta, Taygetis andromeda and Taygetis salvini. These species were
common in traps but never observed along transects.




Analysis of temporal variation in capture frequencies revealed considerable hetereogeneity in
the butterfly community composition. Eight of the ten commonest species show significant
variation in capture frequency among study periods. The fact that these fluctuations are ob-
served on a scale of weeks rather than months suggests that changes are more likely due to
migration than birth and death. Likely causes of local migration are the phenology of hostplants
and fruiting trees. The corollary of these fluctuations is that rapid biodiversity assessments need
to survey large areas in order to attain acceptable confidence intervals around abundance
estimates for most species. Furthermore, the variation in Simspon’s index illustrates the need
to account for seasonal changes when designing sampling protocols.

The magnitude of small-scale temporal variation in species abundance raises the possibility that
variation exists on small spatial scales as well. Spatial heterogeneity in is thought to be largely
responsible for the high diversity of butterflies in undisturbed tropical forests (Hamer and Hill
2000). However, it has never been shown that species abundance varies on scales as small as
those in this study (25ha). Field observations suggest that some species (e.g. Antirrhea
miltiades) were more common in some traps, and in some regions of the trapping grid, than
others. Further analyses will test for differences in capture frequency of different traps, for each
of the ten commonest species (figure 9), to determine whether capture frequency is a function of
elevation, distance to water and size of the nearest canopy gap.
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