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Abstract: Understanding the contribution of protected areas to pollinating insect conservation is crucial,
especially in Haiti because of intense deforestation and environmental degradation. We compared pollinating
insect assemblage composition and abundance in two protected areas: the suburban Wynne Farm Ecological
Reserve (WFER) and the Urban National Park of Martissant (UNPM). Both sites encompass forest patches,
agroforestry, and agricultural crops. Using colored pan-traps, we collected 3722 insects from six Orders, with
68.2% identified to family level due to taxonomic limitations. WFER exhibited significantly higher insect
abundance than UNPM, though habitat differences varied between sites. Site, habitat, and their interaction
significantly influenced insect composition. Among 118 identified families, only 30.51% were shared between
sites. Our data suggest combined protection offers broader and more even insect diversity. We discovered
patrimonial lepidopteran and hymenopteran species previously unrecorded in Haiti, emphasizing the
importance of protected areas and the need for enhanced entomological expertise.
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1. Introduction

The general decline of pollinating insects over the last past three decades as the results of human
activities [1] is of particular concern to naturalists, conservation biologists, and agroeconomists [2-5].
Indeed, the decrease in the abundance and diversity of pollinating insects has direct and negative
effects agricultural production [6,7] as about 90% of flowering plant species depend upon animal
pollination [8,9]. Pollinating insects also contribute to maintain high levels of floral and animal
diversity within both natural and anthropized ecosystems [10,11].

Various factors can contribute to the decline of pollinating insects such as agricultural practices
[12], invasive species [13], pollution [14] and climate change [15,16]. However, pollinating insects are
particularly vulnerable to change in land use [17], driven by intensive agriculture and urbanization.
Ample evidence shows that agricultural intensification negatively affects both pollinator diversity
and pollination services [18,19]. Similarly, urbanization generally reduces pollinator diversity [20-
22], although to a lesser extent than intensive agriculture [23]. Given the rapid increase in global food
demand [24], the expected development of urbanization in the future [25], and their projected impacts
on land use and natural environments [26], pollinating insects may decline even more strongly in the
years to come.

In this context, an important question is to what extent pollinating insects can benefit from
protected areas (PAs). There is compelling evidence that PAs directly contribute to the conservation
of various species [27-31]. However, most protected areas have been designed to protect charismatic
species or landscapes, and might be less efficient for the conservation of little conspicuous or poorly
known species such as insects [32,33]. Assessing to what extent insects benefit from PAs remains
difficult to assess as there has been so far limited research and monitoring programs comparing insect
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assemblages within and outside of protected areas, and the few existing studies have focused on
specific orders or families. For instance, several beetle species of conservation concern are not
represented in protected areas in Italy [34]. Similarly, about one quarter of orthopteran species are
not present in protected sites in Greece [35]. On the other hand, PAs appear to contribute efficiently
to the conservation of dragonfly species of conservation interest [36,37]. Similar, albeit limited,
evidence exists for pollinating insects. Butterfly species richness was found to be highest in PAs in
Germany, but was declining at the same rate than in non-PAs over an 11-year period [38]. In Mexico,
66% of endemic Erebidae moth species are not present in PAs [39]. In Serbia, one of the main hotspots
of hoverfly (Syrphidae) diversity in Europe, PAs are only partly efficient in the conservation of this
family of pollinating insects [40]. A recent study [41] assessing insect pollinator diversity in protected
vs. unprotected areas in a hotspot of biodiversity in Nigeria found that pollinator diversity varied
more in relation to land-use type rather than area protection per se.

Assessing to what extent PAs effectively protect insect pollinators is further complicated by lack
of knowledge about the existing diversity and geographical distribution of pollinator insect species,
particularly in tropical regions [42,43]. Whereas the large majority of insect species is located in the
tropics [44], biodiversity research is mainly conducted on vertebrates in temperate regions [45].
Several factors may contribute to this situation. First, scientists from developing countries tend to
have reduced access to funding, organizational support and logistics for field work activities, training
and expertise in entomology, and biological collections [46—49]. Second, invertebrate taxonomy
appears to remain poorly appealing to young scientists and scientific institutions [50], particularly in
in the Southern Hemisphere [51,52].

The situation is particularly exacerbated in Haiti, which is centrally located in the Caribbean
hotspot of biodiversity. This is mainly due to extreme poverty [53], ongoing environmental
degradation and growing urbanization [54-56], weak institutions and public governance [57], lack of
public funding for research and higher education [58], and very limited expertise in conservation
biology [48]. Several protected areas have however been created in Haiti, accounting for about 6.75%
of land territory and et 4.72% of maritime territory (https://www.biodiversite.ht/2020/08/03/aires-
protegees/). Their location and boundaries have been essentially established from the known or
supposed distribution of vertebrate endemics of conservation concern [59], and little if any
information is available on their relevance to the conservation of insects, including pollinating
species. Still, the Haitian government and foreign institutions plan on agricultural development to
meet increasing basic food needs associated with human population growth [60]. Given the high
dependence of major crops on pollination by insects [61], improving knowledge on the conservation
status of major groups of insect pollinators in Haiti thus appears to be primordial. More specifically,
given the overall level of environmental degradation [62], the effectiveness of Haitian PAs for the
conservation of insect pollinators deserves particular attention.

Here we report results from a study comparing assemblage composition and relative abundance
of pollinating insects between two different protected areas in Haiti, the Wynne Farm Ecological
Reserve (hereafter WFER) and the Urban National Park of Martissant (hereafter UNPM). WFER is
situated on the heights of the capital city of Port-au-Prince, at a distance of about 20km. By contrast,
UNPM is located in the middle of Port-au-Prince, with surrounding densely populated and built-up
neighborhood, one of the poorest in the city. We relied on the use of colored pan traps to collect
pollinating insects [63,64], and subsequently assessed the influence of site, habitat type, and their
interaction on the relative abundance and assemblage composition of insect pollinators. Based on
observed differences in both the number and diversity of pollinating insects between rural and urban
areas e.g. [65-67], we expected higher diversity and abundance of pollinating insects at WFER
compared to UNPM, as well as differences in order and family composition between the two sites.

2. Materials and Methods

The study was carried out between January 2018 and April 2018 at two different and contrasted
protected areas in the metropolitan area of Port-au-Prince, Western Haiti (Figure 1).
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Figure 1. A. Location of Haiti in the Caribbean. B. Location of the two study sites in Haiti: UNPM (pin
icon black / black star) is Urban National Park of Martissant site and WFER (pin icon orange / orange
star) is Wynne Farm Ecological Reserve site.

Created by Victor A. Wynne in 1956, the WFER is located in the suburban area of Kenscoff (18°
26'35.70"'N, 72° 17'39.45"W). It covers an area of 15.4 hectares, at an elevation of 1800 meters, in the
heart of a 400-hectare area, which was declared as a protected area in 2020 based on its importance
for the protection and conservation of the biodiversity of the Kenscoff region. WFER is a private
reserve, open to the general public since 1992. Its management is entrusted to the Wynne family
together with a team on site, including agronomists and farmers. Its main mission is to raise
awareness about environmental issues and sustainable agriculture.

The UNPM is located in the densely populated capital of Port-au-Prince (18° 31'32.66"N, 72°
21'45.66"W), and covers an area of 17 hectares at an elevation of 58 meters above sea level. Also known
as "Habitation Leclerc", it was declared of public utility in 2007. Ten years later, it was declared as a
protected area, in recognition of its role in environmental awareness in the urban environment of
Port-au-Prince and its large wooded area which serves as a refuge for many animal species. It is still
today the first and only urban national park in Haiti. Its management is entrusted to the “Fondasyon
Konesans ak Libete” (FOKAL). UNPM, includes, among other things, medicinal herb gardens, a
library, a cultural center and play areas for children.

According to the IUCN classification [68], WFER falls into two categories, taking into account
the strict use of its space: Category I-a as an ecological reserve and Category II as a naturel park,
where human visitation, use and impacts are strictly controlled and limited to ensure protection of
conservation values. UNPM strictly belongs to category II as a national park, as it protects the
ecological processes and the characteristics of the ecosystems of its region. Both sites are characterized
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by a mosaic of green spaces, including forest patches, agroforestry and agricultural crops. At WFER,
the forest habitat is dominated by Pinus occidentalis L., Eucalyptus spp., Ligustrum lucidum L.,
Eryobotrya japonica L., Acacia mearnsii L., Acacia melanoxylon L., Persea americana L., while the
agricultural habitat is dominated by crops such as Beta vulgaris L., Passiflora ligularis, Ipomoea batatas
L., Pepino dulce, Rubus spp.. The agroforestry habitat essentially consists of Pinus occidentalis and
Acacia melanoxylon L. associated with the same agricultural crops. At UNPM, the forest habitat is
dominated by Hura crepitans L., Swietenia mahogony L., Delonix regia Raf, and Azadirachta indica, while
the agricultural habitat corresponds to various crops such as Zea mays L., Cajanus cajan, Ipomoea batatas
L., Dioscorea spp., Musa spp., Phaseolus spp., araceae spp. The agroforestry habitat is largely
domination by Swietenia mahogony L. in association with the crops.

Pollinating insects were sampled with a passive collection method using colored “pan traps”.
We used three sets of colored pan traps at each site. Each set consisted of three plastic, non-fluorescent
pan traps (22 cm diameter) of three different colors: blue, white, yellow. The combination of three
colors is particularly efficient for sampling a large diversity of pollinating insects [63,64,69,70]. We
placed one set of pan traps in each habitat type (agricultural, agroforestry and forest) at each site
(WFER and UNPM) on six consecutive sessions (14 and 11 days of average time space, respectively,
WEFER and UNPM). Trap arrangement and sampling effort were therefore the same for each habitat
type in each site. The traps were set 1 meter above the ground using a support, and filled with 300
ml of soapy water. They remained active for 24 hours. Then after, we collect all trapped insects using
a sieve (size: 0.1 mm) and stored them in 70% ethanol. We then identified specimens in the laboratory
using a stereo binocular microscope (Bresser Advance ICD 10-160x). In the absence of reference
collections and detailed identification keys for the Haitian entomofauna, the evaluation of the
diversity of insect assemblages at the family or species level was relatively difficult [71]. We therefore
identified collected insects morphologically to the order or lowest taxonomic categories, from
available references [72-75], photographs, and identification guides [76]. Because of damaged insects
and limited taxonomic expertise, we were unable to identify all specimens at the family level with
enough confidence. However, we managed to identified some specimens of conservation interest at
the species level from their conspicuous and distinctive characteristics. After examination, all
specimens collected from both sites were maintained in 70% ethanol and stored at WFER to allow
more detailed investigations in the future.

The frequency distribution of the number of collected insects per replicate did not follow a
normal distribution (Shapiro-Wilk test, W = 0.80, P < 0.0001). However, log-transformation of data
resulted in a normal distribution (W= 0.95, P = 0.1019; UNPM only: W= 0.96, P = 0.0963; WFER only:
W=0.98, P=0.1117). We therefore relied on a one-way ANOVA to first assess the overall influence
of pan trap colour on the number of insects collected per replicate. We then relied on model selection
to assess the influence of site, habitat type, pan trap colour and their interactions on the number of
collected insects per replicate using GLMs. We used Akaike's information criterion to rank models,
and models with AIC. < 2 were considered to be equally informative [77]. To further check
complementarity in the use of different pan trap colors, we examined the overall proportions of each
insect order between the three pan trap colors using a Chi-square test. We then assessed pan-trap
color dominance, D (as a measure of how much one or few orders dominate the composition) as the
proportional abundance of the three more abundant orders [78], with D = (p1 + p2 + p3) x 100, where
pj is the proportion of j*» most abundant order.

After pooling data from the six replicates, we first relied on nominal logistic regression to assess
the influence of site, habitat type and their interaction on order composition. As the site*habitat
interaction was significant (see results), we compared the frequency distribution of the four more
abundant orders among habitats between sites using chi-square tests. Then, following
recommendations from [79], we measured relative abundance-based similarities in order
composition between sites, between habitats within sites and between sites for each habitat, using
the Renkonen index [80], with Sp = £ min (p1;, p2i), where pji the proportion of species i in sample j =
nji/Nj. Following [81], we applied a logarithm transformation to order frequencies to reduce the
dominance of the most abundant orders. The index thus measures the extent to which two samples
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are alike in composition, and ranges from zero for samples with no orders in common to 1 for
identical samples.

As only a fraction of specimens could be identified at the family level (see results), we restricted
additional analyses to the comparison of the total number of families observed at each site and in
each site/habitat combination. We first drew a Venn diagram to visualize the overall overlap in family
distribution between pan-trap colours. Because both the total number of identified families and the
total number of insects collected in pan traps differed between the two sites and between habitats
within sites (see results), we relied on a simple index of proportional dominance to establish
comparisons between sites and among habitats. The index was equal to the ratio between the
minimum number of families accounting for 50% of the total number of collected individuals and the
total number of observed families. We then compared the obtained proportions using Chi-square
tests.

We performed all statistical tests using JMP 10 (SAS Institute Inc.,, Cary, NC, USA) and
considered results to be significant at the 0.05 level.

3. Results

Overall, we collected 3722 insects belonging to six different Orders (Coleoptera, Diptera,
Hemiptera, Hymenoptera, Lepidoptera and Thysanoptera; Table 1) during the course of the study,
out of which 1212 were sampled at UNPM and 2510 at WFER.

Table 1. Order composition (total numbers and percentages) of insects collected at the Urban National
Park of Martissant (UNPM) and the Wynne Farm Ecological Reserve (WFER) sites, globally (bold)
and for each habitat (FOR = forest, AGF = Agroforestry, AGC = Agriculture) within site.

Coleoptera Diptera Hemiptera Hymenoptera Lepidoptera Thysanoptera

6 835 90 169 105 7
UNPM' 05%)  (68.9%)  (7.4%) (13.4%) (8.7%) (0.6%)
FOR 3 558 61 39 70 0
04%)  (763%)  (8.3%) (5.3%) (9.6%) (0.0%)
ACE 0 108 19 89 19 7
0.0%)  (44.6%)  (7.9%) (36.8%) (7.9%) (2.3%)
ACC 3 169 10 41 16 0
(1.3%)  (70.7%)  (4.18%) (17.2%) (6.7%) (0.0%)
113 826 679 444 227 221
WEER 45 (G29%)  (27.1%) (17.7%) (9.0%) (8.8%)
FOR 48 225 191 30 53 0
(8.8%)  (41.1%)  (34.9%) (5.5%) (9.7%) (0.0%)
AGE 51 237 292 278 135 57
4.9%)  (22.6%)  (27.8%) (26.5%) (12.9%) (5.4%)
AGC 14 364 196 136 39 164
(15%)  (39.9%)  (21.5%) (14.9%) (4.3%) (18.0%)

Table 2 shows results from the six best models testing for the influence of site, habitat, pan-trap
colour, and their triple and double interactions on the number of insect collected per replicate.

Table 2. Results from model selection on variation in the number of insects collected per replicate.

Model AICc AAICc
Site + Colour + Site*Habitat 91.62 0

Site + Colour + Habitat + Site*Habitat 9431 2.69
Site + Habitat + Colour + Site*Habitat + Site*Colour 9438 276
Site + Habitat + Colour + Site*Habitat + Habitat*Colour 103.50 11.88

Site + Habitat + Colour + Site*Habitat + Site*Colour + Habitat*Colour 103.29 11.67
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Site + Habitat + Colour + Site*Habitat + Site*Colour + Habitat*Colour +
Site*Habitat*Colour
The best model retained only the effects of site, pan-trap colour, and the interaction between site
and habitat. The mean number of insects collected per replicate at WFER was more than twice that at
UNPM (back-transformed mean value and 95% confidence interval, X wex = 109.4, [75.8-157.9] and
X unem = 55,1 [40.3-74.9]). It also differed between the three pan trap colors (back-transformed mean
and 95% confidence interval, Blue: 13.0 [9.0-18.8], White: 23.5 [17.6-31.5], Yellow: 32.4 [23.5-44.8]; One
way ANOVA, Fz,105 = 8.14, P = 0.0005). Finally, the number of collected insect par replicate differed
significantly between habitats at UNPM (F251=16.97, P <0.0001), whereas the difference was not quite
significant at WFER (Fzs1 = 3.00, P = 0.0588). Post-hoc Tukey HSD tests showed that the difference at
UNPM was essentially due to a higher number of insects collected per replicate in the forest habitat
compared to the two other habitats (P < 0.0001 for both comparisons), whereas there was no

109.28 17.66

significant difference between the agroforest and agricultural habitats (P = 0.9383).

Individuals from all six orders were collected in pan traps of each color, although their overall
relative proportions differed, as expected, between colors (Chi-square test, X’ =170.22, d.f. =10, P <
0.0001). Three orders (Diptera, Hemiptera and Hymenoptera) accounted for 77.7% of the total
number of collected insects. Order dominance, D, based on the three most abundant orders was
85.4%, 75.3% and 71.6% for the white, yellow and blue colors, respectively.

3.1. Analysis of Assemblage Composition at the Order Level

Insects from the six orders were collected at each site, but not systematically in each habitat
(Table 1). The effects of site (nominal logistic regression, X?=2325.59, d.f. =5, P <0.0001), habitat (X?=
369.81, d.f. =10, P <0.0001) and their interaction (X2=39.10, d.f. =10, P <0.0001) on order composition
were all significant. In addition, the relative abundance of insects among habitats varied between the
two sites for the four most abundant and ubiquitous orders (Chi-square test, Diptera: X?=261,16, d.f.
=2, P<0.0001; Hemiptera: X?=261,16, d.f. =2, P <0.0001; Hymenoptera: X?=32.71, d.f. =2, P <0.0001;
Lepidoptera: X2 = 63.02, d.f. = 2, P < 0.0001). Differences in order composition were to some extent
reflected in the obtained values for the Renkonen index of similarity (Table 3).

Table 3. Values of the Renkonen index of similarity in order composition, Sp, between pairs of habitat
for each site (FOR = forest habitat, AGF = agroforestry habitat, AGC = Agriculture habitat).

FOR/AGF FOR/AGC AGF/AGC

UNPM 0.809 0.908 0.848
WFER  0.830 0.791 0.920

Overall similarity in order composition between the two sites (Sp = 0.856) was relatively high.
However, similarity in order composition between the two sites was higher for both the forest (Sp =
0.851) and agroforest habitats (Sp = 0.828) than for the agricultural one (Sp = 0.753). In addition,
similarity in order composition between pairs of habitats differed between the two sites (Table 3).

3.2. Analysis of Assemblage Composition at the Family Level

Overall, we identified 2538 specimens at the family level (852 from UNPM and 1686 from
WEFER), accounting to 68.2% of the total number of collected insects. The percentage of identified
specimens did not differ between the two sites (UNPM: 70.3%, WFER: 67.2%, X2=0.69, df.=1, P =
0.4055). However, the proportion of specimens identified at the family level differed significantly
between orders (Table 4; logistic nominal regression, X?=403,17, d.f. =5, P <0.0001).
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Table 4. Percentage of species identified at the family level and number of different families for each
of the six pollinating insect orders (TNC = total number of collected specimens; %ID = percentage of
specimens identified at the family level; NF = number of different families identified).

Coleoptera Diptera Hemiptera Hymenoptera Lepidoptera Thysanoptera

TNC 119 1661 769 613 332 228
%ID  60.5 74.0 42.0 87.1 77.1 54.4
NF 6 52 27 11 21 1

Overall, we identified 118 different families (Table 4), out of which 36 (30.51%) were observed
at both sites, 20 (16.95%) were observed only at UNPM, and 62 (52.54%) were observed only at WFER.
Overall, 46.6% of all identified families were captured in only a single colour trap, whereas about
30% of them were captured in the three colored pan-traps (Figure 2).
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Figure 2. Venn diagram showing overlap in coloured pan-trap catch composition and numbers of
shared species per pan-trap colour (B = blue, W = white, Y = yellow).

Families observed at both sites were significantly more abundant at both UNPM (one-way
analysis of variance on log-transformed data, F15¢ = 11.63, P = 0.0012) and WFER (F1,96 = 13.26, P =
0.0004). However, their abundance was not significantly correlated between the two sites (Pearson
correlation coefficient, 2 = 0.03, n = 36, P = 0.3063). The ratio of the number of observed families to
total sample size differed significantly between the three habitat types at UNPM (Chi-square test, X2
=6.58, d.f. =2, P =0.0372), whereas no such difference was found for WFER (X?2=23.98, d.f.=2, P =
0.1368). The minimum number of families accounting for 50% of all captured insect was 7 (12.5% of
all identified families) and 13 (12.3%) at UNPM and WEFER, respectively, with no significant
difference in proportional dominance between the two sites (X? = 0.02, P = 0.8919). Similarly,
proportional dominance did not differ between habitats within each site (UNPM: X?2=0.76, d.f. =2, P
=0.6827; WFER: X?=0.28, d.f. =2, P = 0.8679), nor between sites for each habitat (Agroforestry: X? =
0.06, d.f.=1, P=0.8020; Agriculture: X2=0.24, d.f. =1, P =0.6246; Forest: X2=0.65, d.f. =1, P =0.4194).
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3.3. Identified Species of Patrimonial Interest

Although we could not identify all collected specimens to genus or species level, we captured in
pan traps several species of patrimonial interest during the course of our study, particularly
Lepidopterans and Hymenopterans endemic to Hispaniola.

The endemic lepidopteran Calisto thomasi [82] was present at WFER in both the agroforest habitat
(four and two specimens collected in the yellow and white pan traps, respectively) and the agriculture
habitat (three and one specimens collected in the yellow and white pan traps, respectively). A second
endemic lepidopteran, Pyrisitin pyro (formerly called Eurema pyro) [83], was only found in the
agroforest habitat at WFER (four and one specimens collected in the yellow and white pan traps,
respectively). Another Nymphalidae, the near-threatened Amnetia jaegeri [84], endemic from
Hispaniola and Jamaica [85], was collected and observed at WFER in the agroforest habitat (three and
two individuals in the yellow and white traps, respectively). The least concern Prickly ash
Swallowtail, Papilio pelaus, endemic from the Greater Antilles, was observed in the forest habitat at
both WFER (two and one individuals in the blue and white traps, respectively) and UNPM (one
individual in the blue trap). Finally, the recently identified Arctiinae species, Cosmosoma odilae [86]
was observed at WFER in the agriculture habitat (one individual in the yellow trap).

Two endemic hymenopterans, the mason wasps Odynerus haitiensis [87] and Omicron lacerum
[88], were collected during the course of the study. The first species was observed in the agroforest
habitat at both WFER (five and two individuals in the yellow and white traps, respectively) and
UNPM (one and two individuals in the yellow and white traps, respectively). The second species was
only found in the agroforest habitat at WFER (four individuals in the yellow pan trap).

4. Discussion

Although we were not able to provide detailed taxonomic identification for all collected
specimens, the present study adds to our knowledge of pollinating insects in Haiti and provides a
firm basis for easy replicate monitoring. Combining pan traps of three different colors allowed us to
better assess the presence and relative abundance of insect orders and families as previously reported
[63,69,70,89,90]. Overall, attractiveness differed between pan-trap colours, with blue ones attracting
lower numbers of insects and yellow ones attracting higher numbers compared to white ones.

As expected, the abundance of pollinating insects at the suburban WFER was significantly
higher, more than twice that observed at the urban UNPM. However, differences in abundance
among habitats were not consistent between the two sites. This was mainly due to insects being more
abundant in the forest site at UNPM whereas there was a tendency for the reverse at WFER. This
contrast is most probably due to differences in tree and vegetation composition between the two
forest habitats, although additional data should be collected over a longer time-period to better
understand variation in abundance between sites and among habitats.

The overall difference in order composition between the two sites was mainly due to the large
predominance of Diptera and very low abundance of both Coleoptera and Thysanoptera at UNPM
compared to WFER (Table 1). In particular, about two thirds of dipterans, hemipterans and
lepidopterans were captured in the forest habitat at UNPM, whereas the distributions of the same
orders were more even among the three habitats at WFER. Although we could not fully examine
diversity at the family level, only about 30% of identified families were observed at both sites. Overall,
then, our results indicate that the combination of the two protected areas conserves a wider and more
even diversity of pollinating insects than either area on its own.

Importantly, we observed several species of patrimonial interest at both sites. In particular, two
endemic Lepidopterans, C. thomasi from the Nymphalidae family and P. pyro from the Pieridae
family, were collected at WFER. Interestingly, the presence of both species had only been
documented so far from south-western Haiti [82,91]. In addition, the distribution of P. pyro has been
reported to be extremely restricted in the Dominican Republic Hispaniola, where the species has been
observed in mesic habitat at elevation of about 450 m [92]. Their presence in agricultural crops and
agroforestry habitat might be the consequence of the intensive deforestation of pine forests in many
parts of Haiti. Several characteristics of WFER, such as relatively high elevation, adjacent could forest
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and, possibly, the non-use of chemicals in agricultural crops, may also contribute to explain their
presence. Although the danaid butterfly Anetia jaegeri is considered as rare [85] and was listed as
Near-Threatened in the IUCN red list about 25 years ago [93], we collected five individuals at WFER
in the agroforestry habitat, suggesting that the species might be relatively abundant there. We also
provide first evidence for the presence of Cosmosoma odilae in Haiti. The species was only known from
the Dominican Republic, where it appears to widely distributed at medium and high altitudes [86].

The observation of two collected endemic hymenopterans of patrimonial interest belonging to
the Vespidae family, O. haitiensis (observed at both sites) and O. lacerum (observed only at WFER),
confirms the importance of the two protected sites for the conservation of pollinating insects in Haiti.
Although very little is known about their biology and ecology, most species the genus Odynerus are
known for hunting on caterpillars (Lepidoptera: Gelechiidae) or weevil larvae (Coleoptera:
Curculionidae) to provision their nests, while adults feed on nectar [94,95]. Omicron larvae are
known to provision their nests with microlepidopteran larvae, whereas adults feed on nectar [96].
The relative abundance and distribution of both species in Haiti deserves further consideration.

Our results then confirm the relevance of protected areas for the conservation of pollinating
insect taxa, such as butterflies, ground beetles, hoverflies and wild bees [97-99]. Given the high
importance of pollinating insects for ecosystem services, we recommend to extend investigations to
other protected and non-protected green areas in urban and suburban areas of Haiti. In particular, a
more inclusive assessment of the diversity of pollinating insects could be achieved through setting
pan traps at various heights [100], increase spatial replicates within habitat type, and relying on bar-
coding for family and species identification [101]. Improving on techniques and methods would in
particular allow for a better assessment of species' richness and diversity using appropriate indices
[78]. This information is of particular importance to increase basic knowledge on insect biodiversity
in the country, and to develop management plans for green areas, in the light of habitat requirements
of the various taxa of pollinating insects.

Unfortunately, taxonomic expertise on insects remains restricted to a very few people in Haiti,
and mainly in the field of medical [102] or agricultural entomology [103]. Consequently, taxonomic
specialists are lacking and several insect species, including pollinators, may remain undescribed, thus
limiting the assessment and monitoring of biodiversity in Haiti, with direct negative consequences
in terms of conservation. In addition, local researchers are particularly isolated and have very limited
access to molecular tools and modern equipment for the preservation of biological samples [48]. This
situation is unlikely to improve in the coming years, unless non-governmental organizations invest
massively in the training of Haitian entomologists with a strong academic background in biological
conservation. In the meantime, preserving the few existing protected urban and suburban areas from
degradation should be a national priority.
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