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Tropical invertebrates, such as the ichneumonids of tropical
forests, are poorly known. Here, we report the first results of
extensive sampling at Kibale National Park, Uganda, by
providing some of the first tropical ecological data for the
ichneumonid subfamily Rhyssinae. We sampled ichneumonids
with 34 Malaise traps for a year in 10 sites, in habitats ranging
from primary forest to farmland. We also gathered weather
and vegetation data. The total sampling effort was 373 trap
months and we caught 444 rhyssines in six species. We caught
the most rhyssines in dry weather, and towards the end of the
sampling year. The rhyssines showed a clear preference for
decaying logs and for primary forest. We fitted a model which
can be used to predict future catches at the site, and draw
conclusions on when rhyssines emerge and on their adult
lifespan. Sampling extensively gave us a wealth of ecological
data on a poorly known parasitoid wasp subfamily. We
recommend that future tropical sampling collect ecological
data, and that existing data from previous large-scale surveys
be used for ecological analyses.

1. Introduction

Our planet is inhabited by millions of species, which are
distributed unevenly in different latitudes and habitats. The
global distribution of this species richness follows regular
Electronic supplementary material is available patterns, but describing these patterns—let alone explaining the
online at https://dx.doi.org/10.6084/m9.figshare.
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mechanisms behind them—is only possible if we know much
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more about the species that inhabit our planet. Ideally such knowledge includes data not only on species [ 2 |
distributions, but also on the ecology of the species, so that the observed distributions can be explained.
Currently, however, biodiversity is so undersampled that most terrestrial animal species have not even
been discovered [1]. Tropical arthropods are especially poorly known (e.g. [2,3]).

The parasitoid wasp family Ichneumonidae is ecologically significant and extremely species-rich,
but its tropical diversity is very poorly known. Ecologically, ichneumonids play an important role
in regulating population densities of other insects and spiders ([4] and e.g. [5-7]), and since they
are parasitoids, their numbers and diversity reflect that of their hosts [8-10]. They may number over
100000 species worldwide, of which only 24000 have been described [11,12]. Until recently, few
species were known from the tropics and the family was assumed to be relatively species-poor there
([13,14] but see [15]). Later, more extensive sampling revealed extremely rich ichneumonid faunas
in Costa Rica and Amazonia [16-18]. We currently do not have enough data to say whether
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ichneumonids follow the general pattern and are the most species-rich in the tropics [15,19] or show
an anomalous latitudinal diversity gradient (the earlier assumption, which numerous studies have
tried to explain [20-24]). Old World tropical forests could well harbour rich ichneumonid faunas,
which have simply not been discovered due to insufficient sampling [25].

Extensive long-term sampling appears to be needed to adequately inventory tropical ichneumonid
faunas [18,26]. Not only are many tropical ichneumonids seasonal (e.g. [27,28]), but tropical forests are
often a rich mosaic of different habitat types (e.g. [29,30]). Tropical ichneumonid species also appear
to have low population densities, or at least are hard to catch in large numbers [15,18,26,31]. Finding
out what ichneumonid species inhabit an area, and what their ecology is, thus seems to need more
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than a mere few months of low intensity sampling. It has been suggested that ichneumonids require
at least a year of sampling (to cover all seasons) and a large number of traps which cover different
habitat types [18,26,32,33].

Tropical ichneumonid faunas have rarely been extensively sampled, with the few published
long-term sampling efforts concentrated in Central and South America. The Costa Rican sampling
set the stage for later tropical ichneumonid work and has encompassed at least 1500 Malaise trap
months (e.g. over 1200 trap months of which 576 were in the most sampled site [16], about 190 trap
months [28]). This was followed by an extensive sampling programme in western Amazonia (185
trap months [18], at least 72 additional trap months [26]). African ichneumonids have been extensively
sampled in Hantam Botanical Gardens in South Africa, but the results have not yet been published
(258 trap months, S. van Noort 2018, personal communication). More limited assessments have been
conducted in Sierra Leone and Uganda [13], Namibia [34], Gabon [35], the Central African
Republic, Tanzania, Uganda and South Africa (van Noort 2018, personal communication). We
have published results of previous sampling in Uganda, but that study caught too few
ichneumonids to yield more than superficial ecological results (231 trap months using traps
smaller than the standard size [25]). It is clear that much more extensive sampling still needs to be
done in the Afrotropics: currently, only 2097 ichneumonid species are known from sub-Saharan
Africa [12,36] out of an estimated 12 100 [36,37].

Given that many species have not even been discovered, it is scarcely surprising that very little is
known of the phenology and habitat use of tropical ichneumonids. Most of the existing data stem
from the Neotropics, from the extensive Costa Rican and western Amazonian surveys, but even they
have yielded surprisingly little published information. In Costa Rica, the parasitoid subfamily
Ophioninae (that attacks larvae) was caught in greatest numbers soon after the start of the rains, and
the Pimplinae and Rhyssinae (that mostly attack prepupae or pupae) near the end of the rainy season
[16]. Later, more detailed results from Costa Rica and Panama indicate that the phenology varies from
subfamily to subfamily and between sites in ways that defy simple explanation, but overall rainfall
has a clear effect [28]. Apart from these results, only fragmentary information on the phenology of
Costa Rican ichneumonids appears to have been published. There is somewhat more information on
habitat use, e.g. with subfamilies such as Orthocentrinae seeming to prefer humid shaded habitat [16],
but much of this information is anecdotal and lacks detail. The only systematic overview we know of
found 1.89 times as many ichneumonids in wet forest as in moist forest, with parasitoids of larvae
having different habitat preferences to parasitoids of pupae [28]. In Amazonia, seasonal variation,
possibly linked to rainfall, has been observed in ichneumonid subfamily catches [38]. The catches of
subfamilies Rhyssinae and Pimplinae have also been compared to vegetation, with the ichneumonid
assemblage caught by a trap found to be associated with the surrounding vegetation [9]. For the
Afrotropics, there are much less published data (other than anecdotal evidence or data for individual
species). A single trap in a Ugandan garden caught most ichneumonids at the end of the rainy season



in May-June, and this peak was matched by a peak in lepidopteran numbers [39]. Also, Gauld & Mitchell B
[27] observed that the distributions of Ophioninae species matched continental scale vegetation zones
such as savannah or lowland forest. Overall, previous tropical results give a very incomplete picture
of ichneumonid phenology and habitat use, but suggest that rainfall increases catches, and that
ichneumonid assemblages are likely to measurably differ between habitats.

The ecology of the ichneumonid subfamily Rhyssinae is poorly known in the tropics, with practically
no data from tropical Africa. In general, rhyssines are held to be parasitoids of wood-boring sawfly or
beetle larvae [12,16] that prefer humid lowland forests [16]; dry periods and arid areas appear
unsuitable [40,41]. Costa Rican rhyssines seem to prefer lowland forest and may peak at the end of
the rainy season ([16, (pp. 31-34)]), and Amazonian rhyssine distributions may show some correlation
with vegetation ([9], though the effect is obscured by the practice of lumping Rhyssinae and
Pimplinae together). As for the Afrotropics, prior to the present study only 30 rhyssine individuals
were known from the whole of sub-Saharan Africa ([42], though some further specimens may exist in
undetermined museum collections). Ecological analyses are impossible with such sample sizes, and,
as far as we know, have not been attempted.

In this and a sister paper, we report the first results of an extensive 1-year sampling of Afrotropical
ichneumonids in Kibale National Park, Uganda. In the sister paper, we report the taxonomic results for
the subfamily Rhyssinae, including descriptions of two new species [43]. Here, we describe the ecology of
this subfamily. Specifically, we asked how the rhyssine species were distributed in space and time, i.e.
how ecological variables such as weather and habitat type were associated with the number of
rhyssines caught in traps.
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2. Material and methods

2.1. Study site

We placed Malaise traps near the Makerere University Biological Field Station (0°33.75' N, 30°21.37' E;
approx. 1500 m.a.s.l.) in Kibale National Park (795 km?), Western Uganda (figure 1). The park contains
medium altitude moist evergreen forest as well as swamps, grasslands, woodland thickets and
colonizing shrubs [44,45], and is surrounded by agricultural land including tea plantations and small
farms. It was formerly connected to the forest of the Congo Basin although this connection has
deteriorated due to human activity [46]. There are two wet and two dry seasons each year [47].

The study area contains nine sites of varying successional status (figure 1). Four former conifer
plantations were clearcut at different times and left to naturally regenerate into forest: R03, R01, R98
and R93 (clearcut during 2002-2004, 20002001, 1995-1999 and 1987-1994, respectively). These had
regenerated for an average of 12, 14, 17 and 22 years at the time of our study, and have, in earlier
work, been referred to as RAC9, RAC11, RAC14 and RAC19 [48]. Three ‘disturbed forest’ sites were
partially logged in 1968-1969 and had regenerated for 46 years: K13, K15 and K14 (ordered from
most to least logged). Estimates of the extent of the logging vary (e.g. [45,49,50]), but are
approximately 50% basal area reduction for K13 (also treated with the arboricide Finopal DT [48,50]),
40% basal area reduction for K15 [50] and 25% trees destroyed for K14 [45]. Two ‘primary forest” sites
have experienced minimal disturbance: site K30 was minimally logged before 1970 (2-3 trees km™>
[45]), and site K31 has confusingly been referred to both as primary untouched forest (e.g. [48]) and
as heavily logged forest [44]. Our traps were located in what we believe to be an unlogged part of
K31 (the area called K32 by Olupot [51]).

The above nine sites form a successional gradient from primary forest to recently clearcut plantation
(K31, K30, K14, K15, K13, R93, R98, R01, R03). The agricultural land outside the national park can also be
seen as a continuation of the gradient, and we included it as a 10th ‘site’. This gradient can be divided
into successional classes at many different resolutions; in this work, we primarily grouped the sites into
the four successional classes of primary forest (K31, K30), disturbed forest (K14, K15, K13), former
plantation (R93, R98, R01, R03) and farmland.

It should be noted that the successional sites are far from homogeneous. The disturbed forest sites, for
example, were not logged evenly—instead, they are a patchwork of strongly logged and barely touched
areas [45]. Even the primary forest is a bewilderingly varied mosaic of different habitat patches, with
variation in at least elevation, moisture, soil and vegetation. We were largely unable to capture this
variation, but made a distinction between traps placed in swampy primary forest (i.e. forest with
waterlogged ground such as a swamp or stream) and other primary forest.



Kanyawara map 6.2.2018. Tapani Hopkins. Uses data from Struhsaker (1997), Landsat (U.S. Geological Survey), Natural Earth and OpenStreetMap. Created with QGIS.
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Figure 1. Map of the study area in Kibale National Park, Uganda. We placed 34 Malaise traps in primary forest (K31, K30), disturbed
forest (K14, K15, K13) and former plantations which had been clearcut 1993—2003 (R93, R98, R01, R03). There were also two traps
outside the forest in farmland.

2.2. Vegetation and weather

We gathered data on the vegetation surrounding our Malaise traps using two different methods.
We listed all the plant species (except trees of at least 5 cm diameter at breast height (dbh)) present
in a 5x 5 m square centred on each trap. We also documented all trees (dbh >5 cm) in two 50 x 2.5 m
transects centred on each trap, with the transects at right angles to each other (see [52] for illustration).
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We documented the species, distance from trap and diameter at breast height of living trees—for dead
trees, we also estimated the level of decay (1, barely dead; 2, light decay; 3, clearly decaying).

Apart from documenting the vegetation surrounding the trap, we also gathered other background
data such as canopy openness and the orientation of the trap and transects. We measured canopy
openness (% sky visible from each trap) with a spherical densiometer. We measured the orientation of
the trap and the vegetation transects by measuring the direction (in tens of degrees from north) in
which the trap head was pointing with a GPS. The vegetation transects were oriented so that one was
parallel to the trap orientation, the other at right angles to it.

Weather data were provided by the Makerere University Biological Field Station. The data consisted
of daily maximum and minimum temperatures and daily rainfall, which were measured at the field
station. The data spanned almost the entire sampling year, 1 August 20144 September 2015. We
added an estimate of when wet and dry seasons generally occur [53] to these data [52].

2.3. Malaise traps and samples

We used 34 Malaise traps to collect flying insects during the sampling year 8 September 2014-14
September 2015. The traps were of a standard size (‘Marris House Nets’, ca 170 cm long with two
1.6 m*> openings) supplied by B&S Entomological Services. This is the same trap type used in
Amazonia [18] and Costa Rica [16]. They were black with a white roof, and collected insects into
approximately 80% ethanol (diluted from 96% undenatured ethanol supplied by Labtek Uganda
Limited). We emptied traps at approximately two-week intervals.

We placed 16 traps in primary forest, 7 traps in disturbed forest, 9 traps in clearcut plantations and 2
traps outside the natural park in agricultural land (figure 1). We tried to cover as broad a range of
habitats as possible: in primary forest, for example, we placed traps in swampy low ground and
gravelly high ground, as well as the more common red-clay middle elevations.

Because an earlier sampling with randomized trap locations yielded few ichneumonids [25], we used
more conventional methods for deciding on trap placement. We placed traps on or near likely insect
flight paths, and tried to include as many ‘special’ habitats, such as fallen trees, as possible.
Inevitably, this will have introduced some subjective bias to the results, but we feel this is an
acceptable price for maximizing sample size and habitat coverage. The trap sites are described in
greater detail in [52].

The total sampling effort was 857 samples, totalling 11 390.97 trap days or roughly 373 trap months.
A further 19 samples (271.16 trap days =9 trap months, three rhyssines) were not included in the
ecological analyses since they were unrepresentative of a normal catch: they include samples partly
eaten by tree mice or trampled by elephants. All 34 traps were in use for most of the sampling year,
with the exception of the very beginning (when not all traps were yet in place) and the last few
months (when some traps wore out or were destroyed by hailstorms).

We processed the samples at the Zoological Museum of the University of Turku, Finland (ZMUT). We
separated the ichneumonoid wasps (families Ichneumonidae and Braconidae), then pinned the rhyssines
and sorted them into species (cf. [43]). The samples are deposited at ZMUT.

2.4. Statistical analyses

We classified our trap sites into five forest types: primary forest, swampy primary forest, disturbed forest,
clearcut plantation and farmland. These are mainly based on the successional status of the forest
(figure 1). However, we separated swamps from other primary forest because the vegetation around
swamp traps differed from that of primary forest (NMDS ordination [52]). We also reclassified two
trap sites (R93T1 and R93T2) into disturbed and primary forest, respectively, due to their vegetation
resembling forest more than clearcut plantation [52].

To analyse how factors such as rainfall and forest type affect the number of rhyssines caught, we
fitted a generalized linear model to our data. We modelled the effect of four ecological variables on
expected rhyssine catches. For each species, we calculated the expected number of individuals in a
sample as

Catch = days - exp(a; + a5 - date + a3 - rain + a4 - deadwood + dforesttype)s (2.1)

where days is the number of days the sample was collected and was included as an offset, date is the
number of days from 1 September 2014 00:00 to the middle of the sampling period, rain is the average
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Figure 2. Number of rhyssines caught during the sampling year September 2014—September 2015, compared to the predicted catch
and daily rainfall. Less individuals were caught when it rained, especially during the two rainy seasons, and catches increased with
time. The catches of each wasp species are stacked (colour coded by species, as individuals per day per trap). The black line shows
the total catch predicted by a model taking into account the date, rainfall, amount of decaying wood and forest type. Rainfall has
been smoothed by taking 15 day averages (dots show actual rainfall), catches are averaged over the sampling period which for most
samples was approximately 14 days. Catches after 4 September 2015 are not shown since no weather data were available then.

daily rainfall (in mm) during the time the sample was collected, dead wood is the amount of decaying
wood near the trap and forest type is one of ‘primary’, ‘swamp’, ‘disturbed’, ‘clearcut’ or ‘farm’. In
calculating the amount of decaying wood, we only included clearly decaying wood (level of decay: 3)
and gave the greatest weight to large pieces of wood near the trap (sum of dbh? distance™" in the two
transects [52]).

We fitted this model to our data using the package mvabund of the R software [54,55]. We assumed
negative binomial errors, and checked that they fit our data by plotting the residuals. To test the
significance of each ecological variable, we calculated likelihood ratios for each species and compared
them to a null distribution (acquired by resampling our trap sites 999 times). We tested the overall
significance of each ecological variable (i.e. for the subfamily as a whole; sum of likelihood ratios of
the species) by the same method. For the forest type variable, we calculated these likelihood ratios
pairwise between the forest types. We did not adjust the probabilities for multiple testing since doing
so would have introduced an unacceptable level of false negatives (type II errors); it should thus be
noted that the results may contain false positives (type I errors).

All analyses were carried out in the R software, v. 3.4.0 [54]. We also used the R packages mvabund
[55] and vegan (for NMDS ordination, [56]). The complete analyses and data are available online [52,57].

3. Results

We caught a total of 444 rhyssine individuals that were usable in ecological analyses. They belonged to
six species, with sample sizes ranging from 160 individuals (Epirhyssa uelensis) to a single individual
(E. johanna). Two species had less than 10 individuals.

Four ecological factors affected the number of rhyssines caught in traps. Catches increased later in the
sampling year, and decreased in rainy weather (overall p <0.05; figure 2). Traps also caught more
rhyssines when surrounded by large amounts of decaying wood (overall p <0.05; figure 3). Traps in

" €L6061 9 s tado 205y sosyjeumol/bobunsyqndfaanosiedor



wasps/trap day

0.20

0.15

0.10

0.05

— predicted wasp catch

o farm

o clearcut
@ disturbed
m swamp
B primary

ﬂmﬂ HH |
imie Eale RN R Ne KRR e Neal o Nel Nealhs dionl
EFHEEHRHEEREE R
SS88558823000 0000y
AR AR U ICIVIVIVICIVIC
<< o

[Sagty =

VAN A~
B
25588
EL A
=5

72

=

N

[ ] II II I
<t — AN~ AN — <t
FRHEEEEEEE
V12222355
SEER R
SEEMY

QO

@]

Figure 3. Number of rhyssines caught in 34 traps (as individuals per trap per day). Catches were highest in the primary forest trap

(CT1 and lowest in farmland. The black line shows the catch predicted by a model taking into account the date, rainfall, amount of
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Figure 4. Effect of forest successional status on rhyssine catches. The species generally show a gradient from primary forest (catch
size standardized to 1) down to farmland. Catch sizes are based on a model which also takes into account the date, rainfall and
amount of decaying wood. Forest types that do not differ significantly (p > 0.05) are joined by a grey line, with the probability of
getting the largest observed difference by chance displayed to the left. For the subfamily as a whole, clearcut plantation and
disturbed forest did not differ from each other, nor did swamp and primary forest (grey lines in legend). The difference
between disturbed forest and swamp was also insignificant (p = 0.05). We calculated significances by comparing the relative
catches of the forest types to a null distribution (acquired by resampling the trap sites 999 times), and did not adjust
significances for multiple testing. Two species are not displayed due to too low sample size (n < 10).

primary forest and swamp caught the most rhyssines, followed by traps in disturbed forest and clearcut
plantation and then by traps in farmland (overall p <0.05; figure 4). However, the difference between
swamp and disturbed forest was not quite significant (p =0.05; figure 4).
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3.1. Phenology and habitat use of individual species

The phenology and habitat use of the six species largely followed that of the subfamily as a whole.
Catches were affected by the date, rainfall, amount of decaying wood and forest type (table 1 and
figure 2; electronic supplementary material, figures 51-56). There were some exceptions to the overall
pattern, however, especially for the species for which we had a small sample size.

Epirhyssa ghesquierei Seyrig, 1937 (n = 154) followed the overall pattern with one exception. Catches in
clearcut plantation were not significantly lower than in primary forest and swamp (p = 0.09; figure 4).

Epirhyssa johanna sp. nov. Hopkins (in preparation) (11 =1) consists of one female caught in clearcut
plantation, towards the end of the rainy season. The sample size was too low for ecological analyses.

Epirhyssa overlaeti Seyrig, 1937 (n =78) followed the overall pattern with two exceptions. It was less
affected by rain than other species, and the effect of rainfall was not significant (p =0.31; table 1). The
difference between swamp and disturbed forest was not significant (p = 0.09; figure 4).

Epirhyssa quagga sp. nov. Hopkins et al. (in preparation) (n =45) followed the overall pattern with
two exceptions. It was more abundant near decaying wood, but the effect was not significant (p =0.08;
table 1). It was absent from farmland, but otherwise showed no significant differences in its distribution
between forest types (figure 4).

Epirhyssa tombeaodiba Rousse & van Noort, 2014 (n = 6) was caught in different traps during the latter
half of the sampling year (electronic supplementary material, figure S5). The sample size was too low for
ecological analyses.

Epirhyssa uelensis Benoit, 1951 (n =160) followed the overall pattern with one exception. It appeared to
be less common in swamp than in other primary forest (p = 0.03; figure 4), due to traps near running water
(CCT3, K30T4/K30T5, K31T3) catching nothing. This may, however, be a false positive since the overall
difference for the subfamily as a whole was not significant (p =0.16 swamp versus primary forest).

4. Discussion

4.1. Four ecological variables affected catches

The four ecological variables of date, rainfall, amount of decaying wood and forest type affected the
number of rhyssine adults caught by Malaise traps. Although there was some variation between
species, the overall pattern was for catches to be highest near decaying wood in primary forest. The
best time to catch rhyssines was in dry weather at the end of the sampling year.

The greatly increased catches near decaying wood strongly suggest that African rhyssines, like their
counterparts elsewhere [12], parasitize immature stages of wood-boring endopterygote insects. Our
Ugandan catches could be more than tripled by the presence of decaying wood (e.g. Epirhyssa
overlaeti, trap CCT1: exp(4.42*0.27) = 3.3). The hosts are presumably wood-boring beetle larvae, since
there are probably very few wood-boring sawflies in the Afrotropics [58] and we cannot recall seeing
any in our samples. Some of the observed variation in trap catches may be explained by our only
measuring the amount of decaying wood, instead of actual host densities. Trap CCT1, for example,
caught more than twice the number of rhyssines predicted by our model (figure 3). The log next to it
(a fallen Fagara macrophylla (Oliv.) Engl. in a humid microclimate) attracted a conspicuous number of
other decaying wood taxa such as long-ovipositored braconids and stilt-legged flies (Micropezidae),
and seems to have been exceptionally suitable habitat for the hosts of rhyssines. Future sampling
could benefit from also sampling wood-boring species with, for example, intercept traps.

African rhyssines appear to prefer undisturbed forest. Even after taking decaying wood into account,
we found a successional gradient in catches: primary forest and swamp gave the highest catches,
disturbed forest and clearcut plantation less, and farmland outside the national park yielded no
rhyssines (figure 4). This has clear conservation implications: without the protection offered by the
national park, all six species would presumably be locally extinct. It is unclear why forest type has
such a strong effect, or rather why the effect persists after accounting for differences in the amount of
decaying wood. We suspect that the wood of different forest types is not equivalent: factors such as
microclimate, decay rate and tree species could all have an effect on what the host densities are in a
given volume of wood. Factors unrelated to host availability, such as the humidity and shelter
available to adults, may also play a part.

Ugandan rhyssines are caught in greater numbers when it does not rain (figure 2). This is the exact
opposite of what little has earlier been observed in the tropics. In Costa Rica Pimplinae + Rhyssinae
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peaked at the end of the rainy season [16]. So did ichneumonids as a whole in a garden in Uganda [39]. [ 10 |
Ichneumonids in moist forest in Panama also peaked in the rainy season [28]. The most likely explanation
for the discrepancy between earlier results (peak in rainy season) and our results (less rhyssines when it
rains) is that ours are the first results for the subfamily Rhyssinae alone. Earlier work has lumped
Rhyssinae with other ichneumonid subfamilies, which may well have masked the subfamily’s
phenology. Our results indicate that adult rhyssines are either more active or more abundant—or
probably a combination of both—when it is not raining. Their phenology may differ from that of
other subfamilies due to their biology. Rhyssine hosts live inside decaying wood instead of feeding as
free larvae on green vegetation, so rainfall probably has little effect on host densities. In the absence of
any variation in host availability, adult rhyssines can be expected to fly when it is safest to do so, in
clear weather. As well as being less active when it rains, it is plausible that adult rhyssine abundances
are higher during the dry seasons, since the whole point of the adult phase is to search for hosts or
mates, and rain interferes with this by making flying dangerous. It should also be noted that the
undisturbed forest that the rhyssines mainly inhabit remains quite moist even during the dry seasons.

The two spikes in rhyssine catches in early February and July (figure 2) strongly suggest that
Ugandan rhyssines peak in abundance then. These spikes occurred in the middle of the dry seasons
and appear to represent actual increased abundances rather than just increased flight activity. This is
because catches at the time were much higher than what our model predicted (figure 2), and our
model already accounted for the normal effect of rainfall on rhyssine catches. The obvious
interpretation is that Ugandan rhyssines preferentially emerge twice a year, in the middle of the
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dry season. This makes biological sense given that flight conditions are best then, and supports
our hypothesis that seasonality has little effect on host availability for tropical rhyssines. More
speculatively, the width of the spikes can be used to infer the adult lifespan. Both spikes in abundance
lasted about two weeks (or less, traps were emptied at two-week intervals). The average lifespan of
an adult Ugandan rhyssine is thus likely to be less than two weeks. This is much shorter than the
46 days or more measured for Rhyssa persuasoria (L.) when reared in colder climates [59], but not
unrealistically short given that life expectancies may decrease with increased temperatures [60] and
adult lifespans of about a week have been observed in other subfamilies (e.g. [60]). Predation, which
is at its strongest in the tropics for at least some insect taxa [61], may also lead to shorter lifespans
than what are achieved in rearings.
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Overall catches rose steadily over the sampling year (figure 2). Catches were several times larger in
August 2015 than they were in September 2014—at its most extreme, this pattern predicts over a 30-fold
rise (for Epirhyssa quagga, table 1). We are unable to explain this rise, nor do we know if it occurs
regularly every year or if we observed part of a longer trend. Factors such as the exceptionally strong
2015-2016 El Nind [62] and the generally less extreme weather of the latter two seasons we sampled
(March-August) could have an effect, but this seems unlikely since we already included daily rainfall
in our model. We are confident, however, that the rise reflects a genuine increase in abundances rather
than more efficient trapping.

4.2. Extensive long-term sampling yielded ecological results

Our study followed the lead of earlier extensive sampling in Costa Rica [16] and Amazonia [18,26] in
sampling tropical ichneumonids with large numbers of Malaise traps for a whole year. This gave us
the sample size, as well as the coverage in time and space, that we needed to find out when and
where rhyssine species fly.

Insufficient sample size has been the main reason why almost nothing was known about the ecology
of Afrotropical rhyssines before this study: 30 published specimens for the whole of sub-Saharan Africa
[42] are simply not enough. Our sample size of 444 individuals clearly demonstrates that extensive, long-
term sampling can give the kind of sample sizes that are needed for ecological analyses. However, it
should be noted that such sampling is no guarantee of success: our earlier survey at the same site
caught no rhyssines (231 trap months with smaller traps and a slightly different sampling design [25]).

As well as giving a large sample size, extensive sampling also gave us a good coverage of different
habitats and seasons. This allowed us to draw much more extensive conclusions on rhyssine habitat use
and phenology than what has been possible before. It also contrasts with most earlier Afrotropical
sampling, which tends to have been short term (e.g. [35]) or have involved only a few traps [39].
However, not even our sampling design gave complete coverage: we know of several habitats such as
papyrus swamp and the canopy that we did not sample. Drawing more extensive conclusions would
also benefit from an even longer sampling period than a year.



Our success in getting ecological data from the Afrotropics suggests using the same approach for [ 11 |
other extensive sampling programmes. The extensive Amazonian (e.g. [18]) and Costa Rican (e.g. [16])
sampling programmes have up to now mainly yielded taxonomic results, out of necessity given the
huge sample sizes and numerous newly discovered species. The ecology of the species has received
less attention (but see [28]). Since our sampling designs have been almost identical and background
data such as weather and vegetation are either obtainable or have already been collected (e.g.
Amazonian vegetation data: [9]), we feel that it could be worthwhile revisiting the data of these
sampling programmes. We are currently revisiting the Amazonian data, with the intention of getting
comparable ecological information on the Amazonian rhyssines.

Our long-term aim is to describe how ichneumonid species are distributed on our planet, and to
explain these distributions. Ecological data given by extensive sampling would be valuable in
furthering this goal. Comparing the species richness of different sites, in particular, is much easier if
we know what habitats and seasons have been sampled. We recommend the use of model-based
methods (such as we have used here) in future sampling programmes, since models allow us to
predict the catch sizes of a trap in an arbitrary habitat and weather. This would allow for easy
comparison of sites irrespective of what habitats have been sampled, and potentially even help in
explaining any observed differences in species richness.
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4.3. Conclusions

Malaise trapping can reveal a lot more about tropical ichneumonids than just listing species, provided the
ichneumonids are sampled for a long enough time and with enough traps. We paint a picture of
Afrotropical rhyssines which avoid flying when it rains, presumably prey on the wood-boring larvae
of decaying logs, and mainly live in natural forest. Our study also highlights how poorly we know
the tropical ichneumonids. Further tropical sampling, and revisiting earlier results, will offer a wealth
of useful data on the ecology of this family.
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Authors” contributions. T.H. participated in designing the Malaise trapping, carried out the fieldwork, participated in
processing the material, performed the analyses and drafted the manuscript; H.R. participated in designing the
Malaise trapping, supervised the fieldwork and helped draft the manuscript; LE.S. participated in designing
the Malaise trapping, supervised the fieldwork, supervised the processing of the material and helped draft the
manuscript. All authors gave final approval for publication.

(ompeting interests. We have no competing interests.

Funding. This study was funded by the Finnish Cultural Foundation, Oskar Oflunds Stiftelse, the Helsinki Entomology
Society and Waldemar von Frenckells stiftelse (grants to T.H.).

Acknowledgements. Isaiah Mwesige helped maintain the Malaise traps and ably carried out a whole range of other
fieldwork. Richard Sabiiti identified the plant species and helped gather the vegetation data. Yosinta Tumusiime
gathered the weather data. Our field research was supported by the staff of the Makerere University Biological
Field Station. Countless people helped process the samples, including the staff of the Zoological Museum of the
University of Turku, students of the university and school pupils from throughout the Turku region. These
contributions are gratefully acknowledged.

References

Scheffers BR, Joppa LN, Pimm SL, Laurance WF.
2012 What we know and don’t know about
Earth’s missing biodiversity. Trends Ecol. Evol.
27, 501-510. (doi:10.1016/j.tree.2012.05.008)
Hamilton AJ et al. 2010 Quantifying uncertainty
in estimation of tropical arthropod species
richness. Am. Nat. 176, 90-95. (doi:10.1086/
652998)

May RM. 2010 Tropical arthropod species, more
or less? Science 329, 41-42. (doi:10.1126/
science.1191058)

Gauld 1, Bolton B. 1988 The hymenoptera.
London, UK: Oxford University Press & British
Museum (Natural History).

Vérkonyi G, Hanski I, Rost M, Itdmies J. 2002
Host-parasitoid dynamics in periodic boreal

moths. Oikos 98, 421-430. (doi:10.1034/j.1600-
0706.2002.980306.)

Morris RJ, Lewis OT, Godfray HCJ. 2004
Experimental evidence for apparent competition
in a tropical forest food web. Nature 428,
310-313. (doi:10.1038/nature02394)

Roslin T, Wirta H, Hopkins T, Hardwick B,
Vérkonyi G. 2013 Indirect interactions in the


https://doi.org/10.5281/zenodo.2554871
https://doi.org/10.5281/zenodo.2554871
https://doi.org/10.5281/zenodo.2225643
https://doi.org/10.5281/zenodo.2225643
http://dx.doi.org/10.1016/j.tree.2012.05.008
http://dx.doi.org/10.1086/652998
http://dx.doi.org/10.1086/652998
http://dx.doi.org/10.1126/science.1191058
http://dx.doi.org/10.1126/science.1191058
http://dx.doi.org/10.1034/j.1600-0706.2002.980306.x
http://dx.doi.org/10.1034/j.1600-0706.2002.980306.x
http://dx.doi.org/10.1038/nature02394

10.

n

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

2.

2.

high arctic. PLoS ONE 8, e67367. (doi:10.1371/
journal.pone.0067367)

May R. 1988 How many species are there on
earth? Science 241, 1441-1449. (doi:10.1126/
science.241.4872.1441)

Sadksjdrvi IE, Ruokolainen K, Tuomisto H,
Haataja S, Fine PVA, Cérdenas G, Mesones |,
Vargas V. 2006 Comparing composition and
diversity of parasitoid wasps and plants in an
Amazonian rain-forest mosaic. J. Trop. Ecol. 22,
167-176. (doi:10.1017/50266467405002993)
Basset Y et al. 2012 Arthropod diversity in a
tropical forest. Science 338, 1481-1484. (doi:10.
1126/science.1226727)

Gauld ID, Sithole R, Gomez JU, Godoy C. 2002
The Ichneumonidae of Costa Rica, 4. Mem. Am.
Entomol. Inst. 66, 1-768.

Yu DS, van Achterberg C, Horstmann K. 2011
World Ichneumonoidea 2011. Taxonomy,
biology, morphology and distribution. Taxapad.
See http:/www.ichneumonoidea.name/
taxapadmain.php.

Owen D, Owen J. 1974 Species diversity in
temperate and tropical Ichneumonidae. Nature
249, 583-584. (doi:10.1038/249583a0)

Janzen DH, Pond CM. 1975 A comparison, by
sweep sampling, of the arthropod fauna of
secondary vegetation in Michigan, England and
Costa Rica. Trans. R. Entomol. Soc. Lond. 127,
33-50. (doi:10.1111/j.1365-2311.1975.
th00551.x)

Morrison G, Auerbach M, McCoy ED. 1979
Anomalous diversity of tropical parasitoids: a
general phenomenon? Am. Nat. 114, 303-307.
(doi:10.1086/283477)

Gauld ID. 1991 The Ichneumonidae of Costa
Rica, 1. Mem. Am. Entomol. Inst. 47, 1-589.
Gaston KJ, Gauld ID. 1993 How many species of
pimplines (Hymenoptera: Ichneumonidae) are
there in Costa Rica? J. Trop. Ecol. 9, 491-499.
(doi:10.1017/50266467400007550)

Sadksjdrvi IE, Haataja S, Neuvonen S, Gauld ID,
Jussila R, Salo J, Burgos AM. 2004 High local
species richness of parasitic wasps
(Hymenoptera: Ichneumonidae; Pimplinae and
Rhyssinae) from the lowland rainforests of
Peruvian Amazonia. Ecol. Entomol. 29, 735-743.
(doi:10.1111/.0307-6946.2004.00656.%)

Quicke DLJ. 2012 We know too little about
parasitoid wasp distributions to draw any
conclusions about latitudinal trends in species
richness, body size and biology. PLoS ONE 7,
€32101. (doi:10.1371/journal.pone.0032101)
Rathcke BJ, Price PW. 1976 Anomalous diversity
of tropical ichneumonid parasitoids: a predation
hypothesis. Am. Nat. 110, 889—893. (doi:10.
1086/283111)

Janzen DH. 1981 The peak in North American
ichneumonid species richness lies between 38
degrees and 42 degrees N. Ecology 62,
532-537. (doi:10.2307/1937717)

Gauld ID. 1987 Some factors affecting the
composition of tropical ichneumonid faunas.
Biol. J. Linn. Soc. 30, 299-312. (doi:10.1111/j.
1095-8312.1987.tb00304.x)

Eggleton P, Gaston KJ. 1990 ‘Parasitoid” species
and assemblages: convenient definitions or
misleading compromises? Oikos 59, 417-421.
(d0i:10.2307/3545155)

24.

25.

26.

27.

28.

29.

30.

3N

32.

33

34,

35.

36.

37.

38.

Gauld ID, Gaston KJ, Janzen DH. 1992 Plant
allelochemicals, tritrophic interactions and the
anomalous diversity of tropical parasitoids: the
‘nasty’ host hypothesis. Oikos 65, 353-357.
(doi:10.2307/3545032)

Hopkins T, Roininen H, Saaksjérvi IE. 2018
Assessing the species richness of Afrotropical
ichneumonid wasps with randomly placed traps
provides ecologically informative data. Afr.
Entomol. 26, 350—359. (d0i:10.4001/003.026.
0350)

Gomez IC, Saaksjarvi IE, Mayhew PJ, Pollet M,
Rey del Castillo C, Nieves-Aldrey J-L, Broad GR,
Roininen H, Tuomisto H. 2017 Variation in the
species richness of parasitoid wasps
(Ichneumonidae: Pimplinae and Rhyssinae) across
sites on different continents. Insect Conserv.
Divers. 11, 305-316. (doi:10.1111/icad.12281)
Gauld D, Mitchell PA. 1978 The taxonomy,
distribution, and host preferences of African
parasitic wasps of the subfamily Ophioninae.
Farnham Royal, Slough, UK: Commonwealth
Agricultural Bureaux.

Shapiro BA, Pickering J. 2000 Rainfall and
parasitic wasp (Hymenoptera: Ichneumonoidea)
activity in successional forest stages at Barro
Colorado Nature Monument, Panama, and La
Selva Biological Station, Costa Rica. Agric. For.
Entomol. 2, 39-47. (doi:10.1046/j.1461-9563.
2000.00048.x)

Tuomisto H, Ruokolainen K, Kalliola R, Linna A,
Danjoy W, Rodriguez Z. 1995 Dissecting
Amazonian biodiversity. Science 269, 63—66.
(doi:10.1126/science.269.5220.63)

Whitney BM, Alonso JA. 1998 A new
Herpsilochmus antwren (Aves: Thamnophilidae)
from northern Amazonian Peru and adjacent
Ecuador: the role of edaphic heterogeneity of
terra firme forest. The Auk 115, 559-576.
(doi:10.2307/4089406)

Noyes JS. 1989 The diversity of Hymenoptera in
the tropics with special reference to Parasitica in
Sulawesi. Ecol. Entomol. 14, 197-207. (doi:10.
1111/}.1365-2311.1989.tb00770.x)

Fraser SE, Dytham C, Mayhew PJ. 2008 The
effectiveness and optimal use of Malaise traps
for monitoring parasitoid wasps. Insect Conserv.
Divers. 1, 22-31. (doi:10.1111/j.1752-4598.
2007.00003.x)

Saunders TE, Ward DF. 2018 Variation in the
diversity and richness of parasitoid wasps based
on sampling effort. Peer/ 6, e4642. (doi:10.
7717/peer].4642)

van Noort S, Prinsloo GL, Compton SG. 2000
Hymenoptera, excluding Apoidea (Apiformes) &
Formicidae (Insecta). Cimbebasia Mem. 9,
289-364.

van Noort S. 2004 Ichneumonid (Hymenoptera:
Ichneumonoidea) diversity across an elevational
gradient on Monts Doudou in Southwestern
Gabon. Calif. Acad. Sci. Mem. 28, 187-216.
van Noort S. 2018 WaspWeb: Hymenoptera of
the Afrotropical region. See www.waspweb.org
(accessed on 23 April 2018).

Townes H, Townes M. 1973 A catalogue and
reclassification of the Ethiopian Ichneumonidae.
Mem. Am. Entomol. Inst. 19, 1-416.
Veijalainen A. 2012 Species richness of
Neotropical parasitoid wasps (Hymenoptera:

39.

40.

M.

4.

8.

4,

45.

46.

47.

4.

49.

50.

51

52,

Ichneumonidae) revisited. PhD thesis, University m

of Turku, Finland.

Owen DF, Chanter DO. 1970 Species diversity and
seasonal abundance in tropical Ichneumonidae.
Oikos 21, 142-144. (doi:10.2307/3543849)
Porter CC. 1978 A revision of the genus
Epirhyssa (Hymenoptera: Ichneumonidae).
Revision del género Epirhyssa (Hymenoptera:
Ichneumonidae). Stud. Entomol. 20, 297-318.
(doi:10.5380/abpr.v33i0.625)

Porter CC. 1982 Systematics and zoogeography
of the neotropic genus Epirhyssa (Hymenoptera:
Ichneumonidae). Nat! Geogr. Soc. Res. Rep. 14,
513-522.

Rousse P, van Noort S. 2014 A review of the
Afrotropical Rhyssinae (Hymenoptera:
Ichneumonidae) with the descriptions of five
new species. Eur. J. Taxon. 91, 1-42. (doi:10.
5852/€jt.2014.91)

Hopkins T, van Noort S, Roininen H, Broad G,
Kaunisto K, Saaksjérvi IE. In preparation.
Extensive sampling of Afrotropical Rhyssinae
(Hymenoptera: Ichneumonidae) reveals two new
species and demonstrates the limitations of
previous sampling efforts.

Struhsaker TT. 1997 Ecology of an African rain
forest: logging in Kibale and the conflict between
conservation and exploitation. Gainesville, FL:
University Press of Florida.

Chapman (A, Lambert JE. 2000 Habitat
alteration and the conservation of African
primates: a case study of Kibale National Park,
Uganda. Am. J. Primatol. 50, 169-185. (doi:10.
1002/(SIC1)1098-2345(200003)50:3 < 169::AID-
AJP1>3.0.0;2-P)

Naughton-Treves L. 1998 Predicting patterns of
crop damage by wildlife around Kibale National
Park, Uganda. Conserv. Biol. 12, 156—168.
(doi:10.1046/j.1523-1739.1998.96346.X)
Chapman (A, Wrangham RW, Chapman LJ,
Kennard DK, Zanne AE. 1999 Fruit and flower
phenology at two sites in Kibale National Park,
Uganda. J. Trop. Ecol. 15, 189-211. (doi:10.
1017/50266467499000759)

Nyafwono M, Valtonen A, Nyeko P, Roininen H.
2014 Butterfly community composition across a
successional gradient in a human-disturbed
Afro-tropical rain forest. Biotropica 46, 210-218.
(doi:10.1111/btp.12085)

Duclos V, Boudreau S, Chapman CA. 2013 Shrub
cover influence on seedling growth and survival
following logging of a tropical forest. Biotrapica
45, 419-426. (doi:10.1111/btp.12039)

Owiny AA, Valtonen A, Nyeko P, Malinga GM,
Roininen H. 2016 Tree communities of different
aged logged areas in an Afrotropical rainforest.
Afr. J. Ecol. 54, 207-216. (doi:10.1111/aje.12287)
Olupot W. 2000 Mass differences among male
mangabey monkeys inhabiting logged and
unlogged forest compartments. Conserv. Biol.
14, 833-843. (doi:10.1046/j.1523-1739.2000.
98585.X)

Hopkins T, Roininen H, Saaksjarvi IE. 2019
Uganda Malaise trapping 2014-2015
background data [Dataset]. Zenodo (doi:10.
5281/zen0do.2225643)

Hartter J, Stampone MD, Ryan SJ, Kimer K,
Chapman (A, Goldman A. 2012 Patterns and
perceptions of dimate change in a biodiversity

*sosi/Jeunof/6106uiysgnd/aposjedos

.” £L606 L v 9 /)g L 305 v H ,.


http://dx.doi.org/10.1371/journal.pone.0067367
http://dx.doi.org/10.1371/journal.pone.0067367
http://dx.doi.org/10.1126/science.241.4872.1441
http://dx.doi.org/10.1126/science.241.4872.1441
http://dx.doi.org/10.1017/S0266467405002993
http://dx.doi.org/10.1126/science.1226727
http://dx.doi.org/10.1126/science.1226727
http://www.ichneumonoidea.name/taxapadmain.php
http://www.ichneumonoidea.name/taxapadmain.php
http://www.ichneumonoidea.name/taxapadmain.php
http://dx.doi.org/10.1038/249583a0
http://dx.doi.org/10.1111/j.1365-2311.1975.tb00551.x
http://dx.doi.org/10.1111/j.1365-2311.1975.tb00551.x
http://dx.doi.org/10.1086/283477
http://dx.doi.org/10.1017/S0266467400007550
http://dx.doi.org/10.1111/j.0307-6946.2004.00656.x
http://dx.doi.org/10.1371/journal.pone.0032101
http://dx.doi.org/10.1086/283111
http://dx.doi.org/10.1086/283111
http://dx.doi.org/10.2307/1937717
http://dx.doi.org/10.1111/j.1095-8312.1987.tb00304.x
http://dx.doi.org/10.1111/j.1095-8312.1987.tb00304.x
http://dx.doi.org/10.2307/3545155
http://dx.doi.org/10.2307/3545032
http://dx.doi.org/10.4001/003.026.0350
http://dx.doi.org/10.4001/003.026.0350
http://dx.doi.org/10.1111/icad.12281
http://dx.doi.org/10.1046/j.1461-9563.2000.00048.x
http://dx.doi.org/10.1046/j.1461-9563.2000.00048.x
http://dx.doi.org/10.1126/science.269.5220.63
http://dx.doi.org/10.2307/4089406
http://dx.doi.org/10.1111/j.1365-2311.1989.tb00770.x
http://dx.doi.org/10.1111/j.1365-2311.1989.tb00770.x
http://dx.doi.org/10.1111/j.1752-4598.2007.00003.x
http://dx.doi.org/10.1111/j.1752-4598.2007.00003.x
http://dx.doi.org/10.7717/peerj.4642
http://dx.doi.org/10.7717/peerj.4642
http://www.waspweb.org
http://dx.doi.org/10.2307/3543849
http://dx.doi.org/10.5380/abpr.v33i0.625
http://dx.doi.org/10.5852/ejt.2014.91
http://dx.doi.org/10.5852/ejt.2014.91
http://dx.doi.org/10.1002/(SICI)1098-2345(200003)50:3%3C169::AID-AJP1%3E3.0.CO;2-P
http://dx.doi.org/10.1002/(SICI)1098-2345(200003)50:3%3C169::AID-AJP1%3E3.0.CO;2-P
http://dx.doi.org/10.1002/(SICI)1098-2345(200003)50:3%3C169::AID-AJP1%3E3.0.CO;2-P
http://dx.doi.org/10.1046/j.1523-1739.1998.96346.x
http://dx.doi.org/10.1017/S0266467499000759
http://dx.doi.org/10.1017/S0266467499000759
http://dx.doi.org/10.1111/btp.12085
http://dx.doi.org/10.1111/btp.12039
http://dx.doi.org/10.1111/aje.12287
http://dx.doi.org/10.1046/j.1523-1739.2000.98585.x
http://dx.doi.org/10.1046/j.1523-1739.2000.98585.x
http://dx.doi.org/10.5281/zenodo.2225643
http://dx.doi.org/10.5281/zenodo.2225643

54,

55.

56.

57.

conservation hotspot. PLoS ONE 7, e32408.
(doi:10.1371/journal.pone.0032408)

R Core Team. 2017 R: a language and
environment for statistical computing. Vlienna,
Austria: R Foundation for Statistical Computing.
See https:/www.R-project.org/.

Wang Y, Naumann U, Wright S, Eddelbuettel D,
Warton D. 2017 mvabund: Statistical methods
for analysing multivariate abundance data. See
https:/CRAN.R-project.org/package=mvabund.
Oksanen J et al. 2018 vegan: community ecology
package. See https://CRAN.R-project.org/
package=vegan.

Hopkins T, Roininen H, Saaksjarvi IE. 2019
Uganda Malaise trapping 2014-2015 Rhyssinae

58.

59.

60.

ecology data [Dataset]. Zenodo (doi:10.5281/
zenodo.2554871)
van Noort S, Goulet H. 2015 New distribution

records for the rare genus Afrotremex Pasteels 61.

(Siricidae: Hymenoptera) and provision of
interactive Lucid identification keys to species.
Biodivers. Data J. 3, €7160. (doi:10.3897/BDJ.3.

€7160) 62.

Hocking H. 1967 The influence of food on
longevity and oviposition in Rhyssa persuasoria
(L.) (Hymenoptera: Ichneumonidae). Austral.
Entomol. 6, 83—88. (doi:10.1111/j.1440-6055.
1967.th02120.x)

Hailemichael Y, Smith JW. 1994 Development
and longevity of Xanthopimpla stemmator

(Hymenoptera: Ichneumonidae) at constant
temperatures. Ann. Entomol. Soc. Am. 817,
874-878. (doi:10.1093/aesa/87.6.874)

Roslin T et al. 2017 Higher predation risk for
insect prey at low latitudes and elevations.
Science 356, 742—744. (doi:10.1126/science.
3j1631)

Jacox MG, Hazen EL, Zaba KD, Rudnick DL,
Edwards CA, Moore AM, Bograd SJ. 2016
Impacts of the 2015-2016 El Nifio on the
California current system: early assessment
and comparison to past events: 2015-2016
El Nifio impact in the CCS. Geophys. Res.
Lett. 43, 7072-7080. (doi:10.1002/
2016GL069716)

16061 19 s ado 205y sosy/jeunol/bioBusygndisaposeror [


http://dx.doi.org/10.1371/journal.pone.0032408
https://www.R-project.org/
https://www.R-project.org/
https://CRAN.R-project.org/package=mvabund
https://CRAN.R-project.org/package=mvabund
https://CRAN.R-project.org/package=vegan
https://CRAN.R-project.org/package=vegan
https://CRAN.R-project.org/package=vegan
http://dx.doi.org/10.5281/zenodo.2554871
http://dx.doi.org/10.5281/zenodo.2554871
http://dx.doi.org/10.3897/BDJ.3.e7160
http://dx.doi.org/10.3897/BDJ.3.e7160
http://dx.doi.org/10.1111/j.1440-6055.1967.tb02120.x
http://dx.doi.org/10.1111/j.1440-6055.1967.tb02120.x
http://dx.doi.org/10.1093/aesa/87.6.874
http://dx.doi.org/10.1126/science.aaj1631
http://dx.doi.org/10.1126/science.aaj1631
http://dx.doi.org/10.1002/2016GL069716
http://dx.doi.org/10.1002/2016GL069716

	Extensive sampling reveals the phenology and habitat use of Afrotropical parasitoid wasps (Hymenoptera: Ichneumonidae: Rhyssinae)
	Introduction
	Material and methods
	Study site
	Vegetation and weather
	Malaise traps and samples
	Statistical analyses

	Results
	Phenology and habitat use of individual species

	Discussion
	Four ecological variables affected catches
	Extensive long-term sampling yielded ecological results
	Conclusions
	Ethics
	Data accessibility
	Authors' contributions
	Competing interests
	Funding

	Acknowledgements
	References


