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Ecological Factors and the Distribution of
Adult Odonata in Puerto Rico!

Ariel Diaz?, Delwin J. Rodriguez-Flores?, Ana G. Rivera-Vega?,
Edgardo Cruz-Marcano?, Iris M. Velazquez-Oliveras?, and
Luis A. Villanueva-Cubero?

Abstract: Puerto Rico’s dragonfly and damselfly (Odonata) fauna, while abundant and diverse,
is not well known, with the most recent surveys being over 80 years old. This work reports on
sampling conducted on the island between late 2015 and early 2017. A total of 1,754 specimens
in 19 genera and 30 species were collected, representing 61.2% of the species reported for the
island. The number of individuals, number of genera, and number of species were higher on sites
with a mean annual precipitation between 1300 mm and 1900 mm and a mean maximum annual
temperature between 28.51°C and 32.50°C. Similarly, the number of individuals, number of
genera, and number of species were higher on the woodland and shrubland cover types than on
any of the other cover types. While some inferences can be made from our data, an increased
collection effort in less sampled areas is necessary.

Key Words: Odonata, adults, precipitation, temperature, cover type, Holdridge life zones,
Puerto Rico

Insect species exist within a specific range of climatic variables.
Consequently, for any geographic region, the abundance of insects and the
distribution of their populations are determined, in part, by abiotic variables, such
as precipitation and temperature, as well as other climatic parameters. For
example, the abundance and species richness of saturniid moths (Lepidoptera)
exhibit a positive relation with both temperature and evapotranspiration in a
Mexican semi-deciduous forest, where the highest percentage of species was
captured during the hottest month of the year (Lara-Peréz et al. 2017). In Rio
Grande do Sul, Brazil, Azevedo and Kriiger (2013) found that both temperature
and relative humidity are related to species richness of blowflies (Calliphoridae)
while species abundance was only correlated with temperature. In New Zealand
landscapes, temperature has been found to be a good predictor for the presence of
both established and non-established insect pests (Peacock et al. 2006). Similarly,
abundance and species richness of dung beetles are strongly correlated with
rainfall in semi-arid Brazil, where an increase in abundance occurs at the
beginning of the wet season (Liberal et al. 2011).

! Received on December 11, 2019. Accepted on December 18, 2019. Last revisions received on
December 30, 2019.

2 Department of Biology, University of Puerto Rico at Humacao, Call Box 8690, Humacao, Puerto
Rico 00792. Emails: ariel.diaz@upr.edu (AD), delwin.rodriguez@upr.edu (DRF),
ana.riveral 7@upr.edu (ARV), edgardo.cruz4@upr.edu (ECM), iris.velazquez@upr.edu (IMVO).

3 HC-05 Box 53274, Aguadilla, Puerto Rico 00603. E-mail: lvillanuevacubero@gmail.com

DOI: 10.9784/LEB7(3)Diaz.01
Electronically available on December 31, 2019. Mailed on December 31, 2019.


mailto:ariel.diaz@upr.edu
mailto:delwin.rodriguez@upr.edu
mailto:ana.rivera17@upr.edu
mailto:edgardo.cruz4@upr.edu
mailto:iris.velazquez@upr.edu
mailto:lvillanuevacubero@gmail.com

Life: The Excitement of Biology 7(3) 116

It has been suggested that increasing temperatures associated with global
climate change will result in changes in species distribution and abundance and
in a northward shift of many northern hemisphere animals, including arthropods
(Hickling et al. 2005, 2006). Among arthropods, distribution trends in Odonata
have received considerable attention in the last two decades. Powney et al. (2015)
suggest that increased temperature in Britain and Ireland may favor the generalist
species of Odonata (dragon- and damselflies), which may adapt better to warmer
conditions. In the United States, the establishment of Tholymis citrina Hagen and
Tramea calverti Muttkowski, two tropical species recently found in Florida, may
be attributed to the effects of global warming (Paulson 2001). Similarly, Hickling
etal. (2005, 2006) showed that British Odonata have exhibited a northward annual
shift possibly in response to increased temperatures due to global climate change.
Oertli (2010) has suggested that in Switzerland species richness will be higher due
to new species extending their range because of climate change. In the United
States, the warmer and more humid southeastern states have a higher richness of
Odonata than the drier or colder states (Hassall 2012). Species occurrence and
species richness in the southwestern states of California and Nevada are known
to be positively correlated with precipitation (Ball-Damerow et al. 2014), and
climate change can be expected to result in changes in species assemblages on
those areas.

Like other islands on the West Indies, the odonate fauna of Puerto Rico is not
well known (Paulson 2004). Only two major works on the island’s odonate fauna
have been published, and they both date to the 1930s. Klots (1932) provides the
first, and very extensive, treatment of the fauna of Puerto Rico and the Virgin
Islands, listing a total of 36 species for Puerto Rico. Garcia-Diaz (1938)
publication lists a total of 43 species but includes species known only from the
collection of immature specimens. Based on Paulson (2004), the number of
species on the island is 49 but a recent checklist Meurgey (2013) lists a total of
only 39 species. Gutierrez et al. (2013) work on aquatic insects of Puerto Rico
lists five families (Aeshnidae, Coenagrionidae, Lestidae, Libellulidae, and
Protoneuridae) present on the island and is the most recent work on this subject.
There are considerable discrepancies as to what the number of species of Odonata
in Puerto Rico is. This lack of knowledge extends to the distribution and
abundance of odonates in Puerto Rico.

This work is part of The Dragonfly Project
(https://prlsamp.rcse.upr.edu/index.php/events/47-dragonfly-project), an island-
wide survey of the Odonata on the main island of Puerto Rico and on the island
of Vieques, located within the Puerto Rican archipelago. We used Geographic
Information Systems (GIS) to examine how the distribution and abundance of the
island’s odonate fauna are shaped by precipitation and maximum and minimum
temperatures. GIS was also used to examine the distribution and abundance of
Odonata across Holdridge Life Zones and cover types.
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Methods

Puerto Rico, the smallest of the Greater Antilles, is located between latitudes
17°45° N and 18°30° N and longitudes 65°45° W and 67°15” W. The main island
is approximately 8900 km2 and has a mean annual temperature of approximately
25°C, ranging from a mean low of 19.4°C to a mean high 0f29.7°C (1963 to 1995,
Daly et al. 2003). Precipitation for the same period averages 1687 mm/year, with
a dry season occurring in the winter (low of 68 mm in February) and a wet season
in the summer (high of 219 mm in October) (Daly et al. 2003, Taylor and
Alfaro2005). Orographic effects due to the central mountain range result in a
drier and warmer southern region and a wetter and cooler northern region
(Calvesbert 1970, Larsen and Torres 1996).

Eight collection zones were established on the island (Figure 1) using the
following grid arrangement (latitude and longitude for northwest and southeast
corners): Zone 1, Aguadilla: (18.500, -67.166) and (18.167, -66.867), Zone 2,
Arecibo: (18.500, -66.867) and (18.208, -66.500), Zone 3, Bayamon: (18.500, -
66.500) and (18.208, -66.117), Zone 4, Rio Piedras: (18.458, -66.117) and
(18.208, -65.617), Zone 5, Mayagiiez: (18.167, -67.166) and (17.867, -66.867),
Zone 6, Ponce: (18.208, -66.867) and (17.867, -66.500), Zone 7, Cayey: (18.208,
-66.500) and (17.867, -66.117) Zone 8, Humacao: (18.208, -66.117) and (17.867,
-65.617). Each collection zone was assigned to one of eight different collection
groups (3-4 individuals per group) based on the presence of college campuses
within each zone.
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Figure 1. Odonata collection zones in Puerto Rico used in this
study. Map produced by The Dragonfly Project.
https://prlsamp.rcse.upr.edu/downloads/dragonfly2016/Dragonfly Mapa_ Puerto_Rico_z

onas.pdf

We used topographic and road maps to determine collection sites based on
their accessibility. Collections were made between December 2015 and February
2017. Adult Odonata were collected using aerial nets and all specimens collected
were immediately preserved in 100% acetone for 24 hr. Specimens were then


https://prlsamp.rcse.upr.edu/downloads/dragonfly2016/Dragonfly_Mapa_Puerto_Rico_zonas.pdf
https://prlsamp.rcse.upr.edu/downloads/dragonfly2016/Dragonfly_Mapa_Puerto_Rico_zonas.pdf
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placed in cellophane envelopes, labeled, and later identified to the species level
using available keys. Specimens and data were gathered in group meetings that
took place approximately every six months. The most recent key to the local
odonate fauna is found in Klots (1932) work on Puerto Rican Odonata. Additional
keys by Westfall and May (2006) and Garrison et al. (2006, 2010) were used for
identification. A single project database (DragonflyData) was compiled in MS
Excel with data from all eight collection groups. The database includes the date,
location name, coordinates, elevation, and species identification. The Odonata
collection is deposited in the Museum of Zoology at the University of Puerto Rico,
Rio Piedras.

To evaluate the effectiveness of the collection effort we created an individual-
based species accumulation curve (Gotelli and Colwell 2001, Colwell et al. 2004)
following the Michaelis-Menten equation using the PAST 3.0 statistical software
(PAST 3.0, Hammer et al. 2001). Spatial analysis was conducted utilizing
ArcGIS Software (version 10.5; Environmental Systems Research Institute,
Redlands, California). A Geographic Information Systems (GIS) shapefile was
constructed by importing DragonflyData file into ArcMap to create a distribution
polygon. We obtained ecological data sets for relevant bioclimatic variables from
the Caribbean Landscape Conservation Cooperative (CLCC 2017). The
following data sets were used: Annual precipitation, Maximum annual
temperature, Minimum annual temperature, Holdridge Life Zones, and land
cover. Shapefiles for Annual precipitation, Maximum annual temperature, and
Minimum annual temperature are based on Daly et al. (2003) and have a 450 m
resolution. Annual precipitation (in mm) was divided into seven categories (Ra-
L,700.00 - 1000.00; Ra-LM, 1000.01 -1300.00; Ra-ML, 1300.01 - 1600.00; Ra-
M, 1600.01 - 1900.00; Ra-MH, 1900.01 - 2200.00; Ra-HM, 2200.01 - 2500.00;
and Ra-H, 2500.01 - 3700.00) for analysis. Similar categories were created for
Maximum annual temperature (°C; Max-L, 22.51- 24.50; Max-ML, 24.51 -
26.50; Max-M, 26.51 -28.50; Max-MH, 28.51 -30.50; and Max-H, 30.51 - 32.50)
and Minimum annual minimum temperature (°C; Min-L, 14.51- 16.50; Min-ML,
16.51-18.50; Min-M, 18.51 - 20.5; Min-MH, 20.51 - 22.50; and Min-H, 22.51 -
24.50). Holdridge Life Zone shapefiles for Puerto Rico are derived from Ewel
and Whitmore (1973), who used biotemperature and precipitation to classify the
island’s landscape into six life zones: Subtropical dry forest (df-S), Subtropical
moist forest (mf-S), Subtropical wet forest (wf-S), Subtropical rain forest (rf-S),
Subtropical lower montane wet forest (wf-LM), and Subtropical lower montane
rain forest (rf-LM). Finally, simplified land cover shapefiles for the island (15 m
resolution resampled to 5 m; Gould et al. 2008) group the island’s cover into eight
different classes: Water, Forested wetlands, Non-forested wetlands, Natural
barren, Urban, Non-woody vegetation, Woodland and shrubland, and Forest. The
DragonflyData polygon was combined with these ecological and bioclimatic
layers by using ArcGIS Spatial Join Tool under Analysis Tools. Raster datasets
for Annual precipitation, Maximum annual temperature and Minimum annual
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temperature were converted to polygon with the Raster to Polygon tool under
Conversion Tools prior to joining. Attribute tables for the joined layers were
exported to MS Excel for further analysis.

We examined the distribution of odonates across different categories for each
ecological data set by means of Chi-square goodness of fit tests (< = 0.05) using
Minitab (Version 18, Minitab Statistical Software, Inc.). Tests were conducted
for the number of individuals, number of genera, and number of species., as well
as the distribution of the most common species. Expected frequencies for the
goodness of fit analysis were determined based on the proportion of the area of
the island that each category represents. The relationship between species and
area, and the prediction that the number of species will increase as the area being
studied increases, is a fundamental tenet of ecology even though some aspects
remain contentious (Lomolino 2000, Tjorve et al. 2008). We analyzed species
diversity across categories for each dataset by estimating Shannon-Wiener
diversity indexes using PAST (PAST 3.0, Hammer et al. 2001). We used #-tests
were to compare diversity indexes using « = 0.05 adjusted by means of
Bonferroni corrections.

Results

A total of 1,754 specimens representing 19 genera and 30 species were collected,
which represents 61.2% of the species reported for the island by Paulson (2004).
Figure 2 shows the abundance of the species collected, from common to rare.
Enallagma coecum (Hagen) (Figure 3), Erythrodyplax umbrata (Linnaeus) (Figure
4), Ischnura ramburii (Selys) (Figure 5), and Telebasis dominicana (Selys) were the
most common species with 516 (29.42%), 337 (19.21%), 259 (14.93%), and 114
(6.49%) individuals, respectively. These numerically dominant species account for
69.78% of all the odonates sampled during the period. Nine species were very rare,
with three specimens of each Brachymesia furcata (Hagen), Enallagma civile
(Hagen), and Micrathyria didyma (Selys in Sagra), two specimens of each
Micrathyria dissocians (Calvert), Tramea onusta (Hagen), and Triacanthagyna trifida
(Rambur), and only one specimen for Tholymis citrina (Hagen), Tramea calverti
(Muttkowski), and Triacanthagyna septima (Selys in Sagra). No members of the
Lestidae were collected.

The individual-based cumulative species function (Figure 6) shows the curve
becoming asymptotic at around 27 species, indicating that the collection effort was
adequate to properly sample the species present in the area studied. No further testing
on the model was conducted. Thirty-three (33) data points were excluded from the
GIS analysis because incorrect coordinates were recorded. Additionally, ninety-four
(94) data points were excluded from the analysis of cover type because they could not
be properly classified under the cover categories considered.
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Number of Individuals Collected by Species
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Figure 2. Species of dragon- and damseltlies and mumber of individuals for each collected during this study.
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Figure 3. Enallagma coecum, male. Photo taken by Alfredo Colén Archilla (2007) at the
Botanical Garden of the University of Puerto Rico, San Juan, Puerto Rico. Enallagma
coecum was the most abundant species of odonatan found in this study, with 516 out of
1754 (29.42%) specimens collected.
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Figure 4. Erythrodiplax umbrata, male, from La Belén, Sierra de Najara, Cuba.
Erythrodiplax umbrata was the second-most abundant species of odonatan
found in this study, with 337 out of 1754 (19.21%) specimens collected.
https://upload.wikimedia.org/wikipedia/commons/6/67/Male_Band-winged_Dragonlet-

Erythrodiplax_umbrata_young_male - Flickr -_gailhampshire.jpg . gailhampshire from
Cradley, Malvern, U.K [CC BY 2.0 (https://creativecommons.org/licenses/by/2.0)]


https://upload.wikimedia.org/wikipedia/commons/6/67/Male_Band-winged_Dragonlet-Erythrodiplax_umbrata_young_male_-_Flickr_-_gailhampshire.jpg
https://upload.wikimedia.org/wikipedia/commons/6/67/Male_Band-winged_Dragonlet-Erythrodiplax_umbrata_young_male_-_Flickr_-_gailhampshire.jpg
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Figure 5. Ischnura ramburii, male, from Leesylvania State Park, Woodbridge,
Virginia. Ischnura ramburii was the third most abundant species of odonatan
found in this study, with 262 out of 1754 (14.93%) specimens collected.
https://upload.wikimedia.org/wikipedia/commons/b/b0/Rambur%?27s_Forktail -
Ischnura ramburii%2C Leesylvania State Park%2C Woodbridge%2C Virginia -
8992601216.jpg . Judy Gallagher [CC BY 2.0 (https://creativecommons.org/licenses/by/2.0)]
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Figure 6. Individual-based species accumulation curve and 95% confidence interval using
the Michaelis-Menten equation.

Precipitation. Figure 7 shows the distribution of collection sites in relation to
annual precipitation, and the number of individuals, number of genera, and number of
species across annual precipitation categories are presented in Table 1. Goodness of fit
tests show that there are significant differences in the number of individuals across
categories (Chi-Square =276.192, d.f. =6, p <0.05). By regions of precipitation, more
individuals were collected in the Ra-ML (581 individuals), Ra-M (563 individuals), and


https://upload.wikimedia.org/wikipedia/commons/b/b0/Rambur%27s_Forktail_-_Ischnura_ramburii%2C_Leesylvania_State_Park%2C_Woodbridge%2C_Virginia_-_8992601216.jpg
https://upload.wikimedia.org/wikipedia/commons/b/b0/Rambur%27s_Forktail_-_Ischnura_ramburii%2C_Leesylvania_State_Park%2C_Woodbridge%2C_Virginia_-_8992601216.jpg
https://upload.wikimedia.org/wikipedia/commons/b/b0/Rambur%27s_Forktail_-_Ischnura_ramburii%2C_Leesylvania_State_Park%2C_Woodbridge%2C_Virginia_-_8992601216.jpg
https://creativecommons.org/licenses/by/2.0
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Ra-MH (207 individuals) categories than on any of the other. However, the number of
individuals was higher than expected in Ra-ML (581 observed vs. 353 expected) and
lower than expected in Ra-MH (207 observed vs. 384 expected). The number of genera
also differed across categories of precipitation (Chi-Square = 16.913, d.f. =6, p =0.01),
with a higher number in Ra-M (19 genera), Ra-ML (17 genera) and Ra-L (16 genera)
categories. Observed values were higher than expected in Ra-L (16 observed vs. 8
expected) and lower than expected in Ra-M (19 observed vs. 57 expected). Similarly,
the number of species differed across rainfall categories (Chi-Square = 23.408, d.f. = 6,
p = 0.001). The number of species was highest in Ra-ML (25 species), Ra-M (24
species), Ra-L (22 species), and Ra-MH (18 species) categories. Observed values were
higher for the Ra-L (22 observed vs. 11 expected) category and lower for Ra-M (24
observed vs. 36 expected) and Ra-MH (18 observed vs. 27 expected) categories.
Goodness of fit tests show that the distribution of the most abundant species E. coecum
(Chi-Square = 108.947, d.f. = 6, p = 0.000), E. umbrata (Chi-Square = 80.101, d.f. =6,
p=0.000) and 1. ramburii (Chi-Square = 8§3.078, d.f. = 6, p =0.000) also differed across
categories. Finally, Shannon’s diversity indexes ranged from a high of 2.587 (Ra-L) to
a low of 0.693 (Ra-H). Shannon’s index for the Ra-L (H’= 2.587) was significantly
different from those for Ra-ML (H* =2.257, =3.740, p <<0.01) and Ra-M (H’ =2.182,
t=4.649, p << 0.01) categories.
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Figure 7. Distribution of collection sites across annual precipitation (in mm) categories in
Puerto Rico. Each dot may represent more than one individual.
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Table 1. Number of individuals, number of genera, number of species, and diversity indices
across seven rainfall categories (in mm) in Puerto Rico. Rainfall (Ra) categories are: Low
(L), Low to Medium (LM), Medium to Low (ML), Medium (M), Medium to High (MH),
High to Medium (HM) and High (H).

Rainfall
Ra-L Ra-LM Ra-ML Ra-M Ra-MH  Ra-HM Ra-H
Species 700.01-  1000.01- 1300.01- 1600.01- 1900.01- 2200.01- 2500.01- Total

1000.00  1300.00 1600.00  1900.00  2200.00  2500.00  3700.00

Anisoptera —

Aeshnidae

Triacanthagyna septima 0 0 0 1 0 0 0 1
Triacanthagyna trifida 0 0 0 0 2 0 0 2
Anisoptera —

Libellulidae

Brachymesia furcata 0 0 2 0 1 0 0 3
Brachymesia herbida 1 0 7 3 0 0 0 11
Dythemis rufinervis 2 2 5 6 5 1 0 21
Erythemis plebeja 5 0 1 3 1 0 0 10
Erythemis vesiculosa 7 1 5 15 0 1 0 29
Erythrodiplax berenice 17 3 2 2 0 0 0 24
Erythrodiplax justiniana 0 2 3 4 2 1 0 12
Erythrodiplax umbrata 19 47 96 121 17 34 0 334
Macrothemis celeno 6 0 10 17 9 4 0 46
Miathyria marcella 4 1 11 3 2 0 0 21
Micrathyria didyma 1 0 0 1 0 0 0 2
Micrathyria dissocians 0 0 1 0 1 0 0 2
Orthemis macrostigma 8 5 13 9 1 1 0 37
Pantala flavescens 15 2 18 3 0 3 0 41
Perithemis domithia 6 0 9 7 6 1 0 29
Scapanea frontalis 0 0 5 7 0 5 1 18
Tholimys citrina 0 0 0 1 0 0 0 1
Tramea abdominalis 4 1 2 3 0 0 0 10
Tramea calverti 1 0 0 0 0 0 0 1

Tramea onusta 0 1 1 0 0 0 0 2
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Zygoptera —
Coenagrionidae
Enallagma civile 2 0 1 0 0 0 0 3
Enallagma coecum 21 28 184 147 126 10 0 516
Ischnura hastata 2 5 20 0 3 0 0 30
Ischnura ramburii 32 21 95 90 14 6 0 258
Neoerythromma 2 0 5 5 0 0 0 12
cultellatum
Protoneura viridis 1 0 25 6 1 0 0 33
Telebasis dominicana 4 12 19 65 10 4 0 114
Telebasis vulnerata 0 1 41 42 5 2 1 92
Telebasis sp. 1 0 0 2 1 2 0 6
Individuals * 161 132 581 563 207 75 2 1721
Number of Genera ** 16 10 17 19 14 11 2
Number of Species *** 22 15 25 24 18 14 2
Diversity Index (H’) 2.587 1.916 2257 2.182 1.605 1.932 0.6931

* Chi-Square Goodness of Fit test,  =276.192, d.f. = 6, p <0.01

** Chi-Square Goodness of Fit test, 1 = 16.913, d.f. =6, p=0.01

ok Chi-Square Goodness of Fit test, A = 23.408, d.f. =6, p=0.001

Maximum annual temperature. The distribution of individuals across
maximum annual temperature categories is shown in Figure 8, and the number of
individuals, number of genera, and number of species collected across these
categories are presented in Table 2. The number of individuals differed across
maximum annual temperature categories (Chi-Square = 184.524, d.f. =3, p =
0.000) with more individuals collected in Max-MH (714 individuals), Max-H
(698 individuals), and Max-M (290 individuals) categories than on the two
remaining ones. Captures were higher than expected in Max-H (698 observed vs.
504 expected) and lower than expected in Max-MH (714 observed vs. 816
expected). The number of genera also differed across maximum annual
temperature categories (Chi-Square = 10.054, d.f. = 4, p = 0.040) with more
genera present in Max-MH (18 genera) and Max-H (18 genera) categories than
on the remaining categories. Captures were lower than expected (18 observed vs.
24 expected) in Max-MH and higher than expected (18 observed vs. 15 expected)
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in Max-H. The number of species also differed across maximum temperatures
(Chi-Square = 21.531, d.f. =4, p = 0.000) with the highest number of species in
Max-H (30 species), Max-MH (26 species), and Max-M (12 species). The
number of species observed was higher than expected for Max-H (30 observed
vs. 22 expected) and lower than expected for Max-MH (26 observed vs. 36
expected) category. Goodness of fit tests show that the distribution of the most
abundant species E. coecum (Chi-Square = 111.352, d.f. = 4, p = 0.000), E.
umbrata (Chi-Square = 115.172, d.f. =4, p = 0.000) and I. ramburii (Chi-Square
= 66.987, d.f. = 4, p = 0.000) also differed across maximum rainfall categories.
Shannon’s diversity indexes ranged from a high of 2.420 (Max-H) to a low of
0.377 (Max-ML). Shannon’s index for Max-H was different from that of Max-
MH (H’ 2.420 vs. 2.208, t=-3.287, p << 0.01). Similarly, the index for Max-MH
differed from that of Max-M (H” 2.208 vs. 1.576, t = -7.605, p << 0.01).

'Temperature (in °C)
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Figure 8. Distribution of collection sites across maximum annual temperature (in °C)
categories in Puerto Rico. Each dot may represent more than one individual.
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Table 2. Number of individuals, number of genera, number of species, and diversity
indices across five maximum annual temperature categories (in °C) in Puerto Rico.
Annual maximum temperature (Max) categories are: Low (L), Medium to Low (ML),
Medium (M), Medium to High (MH), and High (H).

Maximum Annual Temperature

Max-L. Max-ML Max-M Max-MH Max-H
Species 2251t0 2451to 26.51to 2851to 30.51t0 106l

24.50 26.50 28.50 30.50 32.50
Anisoptera — Aeshnidae
Triacanthagyna septima 0 0 0 0 1 1
Triacanthagyna trifida 0 0 0 0 2 2
Anisoptera - Libellulidae
Brachymesia furcata 0 0 0 2 1 3
Brachymesia herbida 0 0 0 5 6 11
Dythemis rufinervis 0 0 4 7 10 21
Erythemis plebeja 0 0 0 4 6 10
Erythemis vesiculosa 0 0 1 10 18 29
Erythrodiplax Berenice 0 0 0 4 20 24
Erythrodiplax justiniana 0 0 1 7 4 12
Erythrodiplax umbrata 0 1 35 115 183 334
Macrothemis celeno 1 0 13 16 16 46
Miathyria marcella 0 0 0 3 18 21
Micrathyria didyma 0 0 0 1 1 2
Micrathyria dissocians 0 0 0 0 2 2
Orthemis macrostigma 0 0 0 20 17 37
Pantala flavescens 0 0 3 11 27 41
Perithemis domithia 0 0 0 18 11 29
Scapanea frontalis 3 0 6 7 2 18
Tholimys citrina 0 0 0 1 0 1
Tramea abdominalis 0 0 0 2 8 10
Tramea calverti 0 0 0 0 1 1
Tramea onusta 0 0 0 1 1 2
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Zygoptera - Coenagrionidae

Enallagma civile 0 0 0 0 3 3
Enallagma coecum 0 7 157 185 167 516
Ischnura hastata 0 0 0 9 21 30
Ischnura ramburii 0 0 7 171 80 258
Neoerythromma cultellatum 0 0 0 2 10 12
Protoneura viridis 0 0 16 5 12 33
Telebasis dominicana 4 0 9 68 33 114
Telebasis vulnerata 1 0 38 37 16 92
Telebasis sp. 2 0 0 3 | 6
Individuals * 11 8 290 714 698 1721
Number of Genera ** 3 2 9 18 18

Number of Species *** 5 2 12 26 30

Diversity Index (H’) 1468 0377 1.576 2208 2420

* Chi-Square Goodness of Fit test, 4 = 184.524, d.f. =4, p <0.001

** Chi-Square Goodness of Fit test, A = 10.054, d.f. =4, p < 0.040

*** Chi-Square Goodness of Fit test, A =21.531, d.f. =4, p <0.001

Minimum annual temperature. Figure 9 shows the distribution of individuals
across the minimum annual temperature categories. The number of individuals,
number of genera and number of species collected across these categories are
presented in Table 3. The number of individuals differed across minimum
temperatures categories (Chi-Square = 244.738, d.f. = 4, p = 0.000) with more
individuals collected in Min-M (707 individuals), Min-MH (482 individuals), and
Min-ML (313 individuals) than on the two remaining categories. Captures were
higher than expected in Min-M (707 observed vs. 666 expected) and Min-MH
(482 observed vs. 390 expected) and lower than expected in Min-ML (313
observed vs. 554 expected). The number of genera also differed across minimum
temperature categories (Chi-Square = 75.217, d.f. = 4, p = 0.000) with more
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genera present in Min-M (18 genera), Min-MH (17 genera), and Min-ML (14
genera) than on the two remaining categories. The number of species also differed
across minimum temperature categories (Chi-Square = 80.689, d.f. =4, p=0.000)
with the highest number of species in Min-M (28 species), Min-MH (25 species),
and Min-ML (17 species) categories. The number of species observed was higher
than expected in Min-MH (25 observed vs. 21 expected) and lower than expected
in the Min-M (28 observed vs. 36 expected) categories. Goodness of fit tests show
that the distribution of the most abundant species E. coecum (Chi-Square =
321.376, d.f. = 4, p = 0.000), E. umbrata (Chi-Square = 118.181, d.f. =4, p =
0.000), and 7. ramburii (Chi-Square = 120.823, d.f. = 4, p = 0.000) also differed
across minimum rainfall categories. Shannon’s diversity indexes ranged from a
high of 2.327 (Min-MH) to a low of 1.168 (Min-L). The diversity index for Min-
MH was not different from that of Min-M (H’ 2.327 vs. 2.246, t=1.155,p=0.24)
but differed from that of Min-H (H’ 2.237 vs. 2.017, t =2.662, p = 0.008).

Temperature (in °C)
-High: 23.22

Atlantic Ocean

Caribbean Sea

N 0 45 9 18 27 36

..... T T 1Miles
0459 18 27 36
[ = = — ] 1:1,000,000

Kilometers

Figure 9. Distribution of collection sites across minimum annual temperature (in °C)
categories in Puerto Rico. Each dot may represent more than one individual.
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Table 3. Number of individuals, number of genera, number of species, and diversity indices

across five minimum annual temperature categories (in °C) in Puerto Rico.

Annual

minimum temperature (Min) categories are: Low (L), Medium to Low (ML), Medium (M),
Medium to High (MH), and High (H).

Minimum Annual Temperature
Min-LL Min-ML Min-M Min-MH Min-H
Species 1451to 16.51to 18.51to 20.51to 22.51to Total
16.50 18.50 20.50 22.50 24.50
Anisoptera — Aeshnidae
Triacanthagyna septima 0 0 1 0 0 1
Triacanthagyna trifida 0 0 2 0 0 2
Anisoptera - Libellulidae
Brachymesia furcata 0 1 2 0 0 3
Brachymesia herbida 0 0 4 5 2 11
Dythemis rufinervis 2 7 10 2 0 21
Erythemis plebeja 0 1 4 5 0 10
Erythemis vesiculosa 1 0 10 16 2 29
Erythrodiplax Berenice 0 0 3 21 0 24
Erythrodiplax justiniana 2 2 4 3 1 12
Erythrodiplax umbrata 4 43 140 125 22 334
Macrothemis celeno 12 10 13 10 1 46
Miathyria marcella 0 2 14 5 0 21
Micrathyria didyma 0 0 0 2 0 2
Micrathyria dissocians 0 0 2 0 0 2
Orthemis macrostigma 1 2 16 15 3 37
Pantala flavescens 0 3 22 11 5 41
Perithemis domithia 0 5 2 14 8 29
Scapanea frontalis 6 5 7 0 0 18
Tholimys citrina 0 0 0 1 0 1
Tramea abdominalis 0 0 3 7 0 10
Tramea calverti 0 0 0 1 0 1
Tramea onusta 0 0 1 1 0 2
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Zygoptera - Coenagrionidae
Enallagma civile 0 0 3 0 0 3
Enallagma coecum 99 139 226 50 2 516
Ischnura hastata 0 0 20 1 9 30
Ischnura ramburii 0 27 112 100 19 258
Neoerythromma cultellatum 0 0 8 4 0 12
Protoneura viridis 0 18 13 2 0 33
Telebasis dominicana 4 13 30 67 0 114
Telebasis vulnerata 5 35 35 14 3 92
Telebasis sp. 2 1 1 2 0 6
Individuals * 136 313 707 482 71 1721
Number of Genera ** 8 14 18 17 10
Number of Species *** 11 17 28 25 12
Diversity Index (H’) 1.168 1.907 2.246 2.327 2.017

* Chi-Square Goodness of Fit test, 1 =244.738, d.f. =4, p=0.001

** Chi-Square Goodness of Fit test, A =75.217, d.f. =4, p = 0.000

*** Chi-Square Goodness of Fit test, A = 80.689, d.f. =4, p =0.000

Holdridge Life Zones. The distribution of individuals across Holdridge Life
Zones is shown in Figure 10, and the number of individuals, number of genera,
and number of species collected across these categories are presented in Table 4.
Two categories, Subtropical rain forest (rf-S) and Lower montane rain forest (rf-
LM) were excluded from the analysis due to lack of sampling in those areas. The
number of individuals collected differed across Holdridge Life Zones (Chi-Square
=180.542, d.f. = 3, p = 0.000) with the highest number of individuals collected in
the mf-S life zone (1,305 individuals). Captures were higher than expected in this
category (1,305 observed vs. 1,049 expected) but lower than expected in df-S (208
observed vs. 240 expected), wf-LM (11 observed vs. 21 expected), and wf-S (205
observed vs. 419 expected). The number of genera also differed across Holdridge
life zones (Chi-Square = 25.846, d.f. = 3, p = 0.000) with more genera present in
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the mf-S (19 genera) and df-S (16 genera) life zones. The number of genera was
lower than expected in mf-S (19 observed vs. 30 expected) and higher than
expected in df-S (16 observed vs. 7 expected). Species richness differed across
life zones (Chi-Square = 44.238, d.f. = 3, p = 0.000) with the highest number of
species in the mf-S (29 species) and df-S (23 species). The number of species
observed was higher than expected for df-S (23 observed vs. 10 expected) and
lower than expected for mf-S (29 observed vs. 42 expected). Goodness of fit tests
show that the distribution of the most abundant species E. coecum (Chi-Square =
51.131, d.f. =3, p=0.000), E. umbrata (Chi-Square = 125.508, d.f. =3, p=0.000)
and 1. ramburii (Chi-Square = 45.307, d.f. = 3, p = 0.000) also differed across
maximum life zones. Shannon’s diversity indexes ranged from a high of 2.627
(df-S) to a low of 1.428 (wf-S). Shannon’s index for df-S was higher than that of
mf-S (H’ 2.627 vs. 2.219, t=5.633, p << 0.001) and that of mf-S was higher than
wif-LM (H* 2.219 vs. 1.468, t=3.730, p < 0.01) and wf-S (H’ 2.219 vs. 1.428, =
7.955, p << 0.01).

Holdridge Life Zones

| dfs

[ Imfs

R
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Figure 10. Distribution of collection sites across Holdridge Life Zones in Puerto Rico.
Each dot may represent more than one individual.
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Table 4. Number of individuals, number of genera, number of species, and diversity indices
across four Holdridge life zones in Puerto Rico. Life zones are: Subtropical dry forest (df-
S), Subtropical moist forest (mf-S), Lower montane wet forest (wf-LM), and Subtropical
wet forest (wf-S).

Holdridge Life Zones
Species df-S mf-S wi-LM wi-S Total
Anisoptera - Aeshnidae
Triacanthagyna septima 0 1 0 0 1
Triacanthagyna trifida 0 2 0 0 2
Anisoptera - Libellulidae
Brachymesia furcata 0 3 0 0 3
Brachymesia herbida 4 7 0 0 11
Dythemis rufinervis 2 14 0 5 21
Erythemis plebeja 5 5 0 0 10
Erythemis vesiculosa 7 21 0 1 29
Erythrodiplax berenice 26 2 0 0 28
Erythrodiplax justiniana 0 9 0 3 12
Erythrodiplax umbrata 22 302 0 11 335
Macrothemis celeno 6 24 1 15 46
Miathyria marcella 4 16 0 1 21
Micrathyria didyma 1 1 0 0 2
Micrathyria dissocians 0 2 0 0 2
Orthemis macrostigma 11 25 0 2 38
Pantala flavescens 19 23 0 0 42
Perithemis domithia 6 19 0 4 29
Scapanea frontalis 0 8 3 7 18
Tholimys citrina 0 1 0 0 1
Tramea abdominalis 5 5 0 0 10
Tramea calverti 1 0 0 0 1
Tramea onusta 2 0 0 0 2
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Zygoptera - Coenagrionidae

Enallagma civile 2 1 0 0 3
Enallagma coecum 21 366 0 129 516
Ischnura hastata 7 23 0 0 30
Ischnura ramburii 42 198 0 19 259
Neoerythromma cultellatum 2 10 0 0 12
Protoneura viridis 1 32 0 0 33
Telebasis dominicana 11 99 4 0 114
Telebasis vulnerata 0 83 1 8 92
Telebasis sp. 1 3 2 0 6
Number of Individuals * 208 1305 11 205 1721
Number of Genera ** 16 19 3 11

Number of Species *** 23 29 5 12
Diversity Index (H) 2.620 2.219 1.468 1.428

* Chi-Square Goodness of Fit test, 1 = 180.542, d.f. = 3, p = 0.000

** Chi-Square Goodness of Fit test, A = 25.846, d.f. =3, p = 0.000

*** Chi-Square Goodness of Fit test, A = 44.238, d.f. =3, p=0.000

Land cover. Figure 11 shows the distribution of individuals in relation to the
island’s land cover, and the number of individuals, number of genera, and number
of species across annual precipitation categories are presented in Table 5. There
are significant differences in the number of individuals across cover categories
(Goodness of Fit Chi-Square = 41,228.700, d.f. = 6, p=0.000). More individuals
were collected in Woodland and shrubland (756 individuals) and Natural barrens
(366 individuals) than on any of the other cover types. However, the number of
individuals was higher than expected for both of these cover types (756 observed
vs. 17 expected and 366 observed vs. 16 expected, respectively). The number of
genera also differed across cover types (Chi-Square =971.515, d.f. =6, p =0.000),
with a higher number in Woodland and shrubland (18 genera), Natural barrens
(17 genera), Forest (15 genera) and Built-up surfaces (11 genera) than on the other
cover types. Observed values were higher than expected in the Woodland and
shrubland (18 observed vs. 1 expected), Natural barrens (17 observed vs. 1
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expected), and Forest (15 observed vs. 11 expected) and lower than expected on
Built-up surfaces (11 observed vs. 31 expected). The number of species also
differed across cover types (Chi-Square = 1,390.290, d.f. = 6, p = 0.000).
Woodland and shrubland (27 species), Natural barrens (22 species), Forest (19
species), and Built-up surfaces (14 species) showed the highest species richness,
while Inland water (5 species) had the lowest. These values were higher than
expected in the Woodland and shrubland (27 observed vs. 1 expected), Natural
barrens (22 observed vs. 1 expected), Forest (19 observed vs. 14 expected) and
lower than expected on Built-up surfaces (14 observed vs. 42 expected).
Goodness of fit tests show that the distribution of the most abundant species E.
coecum (Chi-Square = 16,800.500, d.f. = 6, p = 0.000), E. umbrata (Chi-Square
=17,109.890, d.f. = 6, p = 0.000) and /. ramburii (Chi-Square = 4,092.770, d.f. =
6, p=0.000) also differed across categories. Shannon’s diversity indexes ranged
from a high of 2.353 (Natural barrens) to a low of 1.359 (Inland water). The index
for Natural barrens was higher than that of Woodland and shrubland (H* =2.353
vs. 2.137,t=3.014, p < 0.01) and of Forest cover (H’ 2.353 vs. 2.050, #=3.051,
p = 0.0024).

Land Cover Types
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Figure 11. Map of Puerto Rico showing simplified land cover and collection sites.
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Table 5. Abundance of Odonata species across seven different types of cover in Puerto
Rico.

Cover Types

Species ]::;l;;rg Forest lx:;i::f: Grassland lx::z;i T)::*l:'::ll Wo::li(liand Total
shrubland

Anisoptera —
Aeshnidae
Triacanthagyna septima 0 0 0 0 0 0 1 1
Triacanthagyna trifida 0 0 0 0 0 0 2 2
Anisoptera —
Libellulidae
Brachymesia furcata 0 1 0 0 0 1 0 2
Brachymesia herbida 0 1 0 2 0 2 5 10
Dythemis rufinervis 1 3 0 0 0 3 10 17
Erythemis plebeja 3 2 0 0 0 0 3 8
Erythemis vesiculosa 0 0 0 0 0 6 21 27
Erythrodiplax berenice 2 0 2 2 5 11 6 28
Erythrodiplax 4 1 0 0 0 1 6 12
Justiniana
Erythrodiplax umbrata 7 21 94 3 1 56 147 329
Macrothemis celeno 2 9 0 0 0 9 20 40
Miathyria marcella 2 2 0 0 0 5 8 17
Micrathyria didyma 0 0 0 0 0 1 0 1
Micrathyria dissocians 0 0 0 0 0 0 2 2
Orthemis macrostigma 1 3 2 1 1 11 14 33
Pantala flavescens 0 1 0 2 2 10 23 38
Perithemis domithia 1 1 2 0 0 17 4 25
Scapanea frontalis 0 9 0 0 0 6 1 16
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Tholimys citrina 0 0 0 0 0 0 0 0
Tramea abdominalis 0 2 0 1 0 4 1 8
Tramea calverti 0 0 0 0 0 0 1 1
Tramea onusta 0 0 0 1 0 0 0 1
Zygoptera —

Coenagrionidae

Enallagma civile 0 0 0 0 0 0 1 1
Enallagma coecum 28 82 12 0 0 87 281 490
Ischnura hastata 0 0 5 0 0 0 24 29
Ischnura ramburii 28 30 45 12 1 41 92 249
Neoerythromma 0 0 5 0 0 4 2 11
cultellatum

Protoneura viridis 2 3 0 0 0 3 20 28
Telebasis dominicana 2 19 9 0 0 66 17 113
Telebasis vulnerata 1 14 5 0 0 21 43 84
Telebasis sp. 0 2 0 0 0 1 1 4
Individuals * 84 206 181 24 10 366 756 1627
Number of Genera ** 11 15 7 6 4 17 18

Number of Species *** 14 19 10 8 5 22 27

Diversity Index (H’) 1.859  2.050 1.462 1.625 1.359 2.353 2.137

* Chi-Square Goodness of Fit test, A = 41,228.700, d.f. = 6, p = 0.000

** Chi-Square Goodness of Fit test, A =971.515, d.f. =6, p =0.000

**% Chi-Square Goodness of Fit test, A = 1,390.290, d.f. = 6, p = 0.000

Discussion

The odonate fauna reported for Puerto Rico is abundant and diverse, and our
collection effort returned 61.2% of the total species reported by Paulson (2004).
The plot of cumulative number of species against the cumulative number of
individuals shows that the collection effort was adequate for the area studied. One
notable observation is the absence of members of the Lestidae. The family is
widespread through the Greater and Lesser Antilles (Flint et al. 2006; Meurgey
2006, 2009, 2013; Poiron and Meurgey 2011; Paulson et al. 2014), and three
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species have been reported for Puerto Rico (Klots 1932, Garcia-Diaz 1938).
Lestes forficula (Rambur) was the most common species on the island and seems
to be limited to lotic habitats along the coast (Garcia-Diaz 1938). The absence of
the family points to a need for increased sampling. There was a lack of collection
sites in the northwestern and southcentral parts of the island. In addition, no
collections were made in areas with a combined high elevation, high annual
rainfall, and mean annual maximum temperature below 26.5°C. It is expected
that an increased sampling effort will result in the addition of some of the reported
species that are missing from our study.

Precipitation. Water is essential for Odonata because it affects courting
(Conrad and Pritchard 1992), oviposition (Corbet 1962, Michiels and Dhondt
1990) and larval development (Corbet 1962). The results of our survey show that
rainfall in Puerto Rico provides sufficient water resources to maintain a rich and
diverse Odonata. Puerto Rico has an average annual rainfall of 1800 mm.
Because of orographic effects caused by the Cordillera Central there is less
rainfall on the south than on the rest of the island, with quantities ranging from a
maximum of 4,305 mm/yr in the Sierra de Luquillo to a minimum of 768 mm/yr
in Ensenada and Guanica (Calvesbert 1970, Ravalo et al. 1986, Gomez-Gomez et
al. 2014). Rain is also unevenly distributed throughout the year, with a dry season
between January and May and a rainy season from June to December.
Approximately 32% of the annual rainfall becomes surface water-runoff (Carr et
al. 2002). Fifty-five rivers discharge into the sea, and some water is intercepted
in the 14 major dams and many smaller reservoirs and ponds throughout the
island.

In Puerto Rico, Odonata are distributed across a wide range of rainfall
conditions, from the wetter areas on the north and the central mountains to the
drier forests on the south. Abundance, number of genera and species richness
were highest in areas that experience rainfall between 1,300 mm/yr. and 1,900
mm/yr. (Ra-ML and Ra-M categories). However, the highest species diversity
was observed in areas with the lowest mean annual rainfall (Ra-L, 700.01 -
1000.00 mm) along the southern coast of the island. This pattern is similar to that
reported for Cuba, where both a higher abundance and species richness are found
at lower elevations (Trapero and Naranjo 2003) which generally receive less
rainfall. Reduced rainfall does not imply a lack of water resources for species
living in Puerto Rico’s dry areas. While streamflow in this region may be minimal
(Renken et al. 1990, Kuniansky and Rodriguez 2010) sufficient resources may be
available in the form of transient habitats. Temporary pools resulting from heavy
rains, stormwater ponds, and man-made pools and ponds are known to be
important for this insect group (Clark and Samways 1996, Pires et al. 2013,
Holtman et al. 2018). For example, temporary pools and man-made structures
provide habitat for the limited odonate fauna of the Marshall Islands, which lacks
rivers and lakes but receives considerable rainfall (Buden 2018). Other authors
have emphasized the importance of natural and man-made ponds for both aquatic
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plants and animals, including Odonata (Holtmann et al. 2018, Oertli 2018). Of
particular importance are ponds associated with agricultural lands. Hofhansl and
Schneeweihs (2008) showed that ponds in agricultural areas in Costa Rica had a
higher Odonata species richness and supported more individuals than ponds in
forest sites. Similar results have been found by Raebel et al. (2011) and Pires et
al. (2013) in England and Brazil, respectively.

Loss of agricultural land and changes in irrigation practices in Puerto Rico
may have driven a reduction in the water resources available for odonates, but
remnants of the extensive irrigation systems may still be important. Irrigation
systems on the island were being developed by the mid-1800’s to satisfy the needs
of the growing sugar cane industry. These early irrigation systems consisted of
both underground tunnels, surface channels, and reservoirs intended to deliver
surface water mostly to sugarcane fields (Kuniansky and Rodriguez 2010).
Replacement of sugarcane by other crops resulted in a shift to drip irrigation and
sprinkler irrigation, and the replacement of the surface water source by the use of
underground water. Altogether, water use for agricultural purposes, mainly
irrigation, in Puerto Rico has declined from 165 Mgal/d in 1985 (Carr et al. 1990)
to 38.2 Mgal/d in 2010 (Molina-Rivera 2009, 2014). The importance of these
systems in Puerto Rico was emphasized by Garcia-Diaz (1938), who stated that
“An additional habitat for the freshwater forms is the one offered by the irrigation
systems developed in some parts of the Island.” How important are these habitats
for our local odonate fauna remains to be determined.

Temperature. Temperature is known to affect many aspects of the life history
of Odonata (see review by Hassall and Thompson 2008). For example, increased
temperature has been shown to affect egg development (Frances et al. 2017),
larval growth rates (Pritchard et al. 2000, Suhling et al. 2015, Frances et al. 2017),
larval survival (McCauley et al. 2015, 2018), and sexual coloration (Moore et al.
2018). As a consequence, the distribution of dragonflies and damselflies across
the landscape may be determined by the thermal heterogeneity of the habitat and
the sensitivity of the insect to temperature. Our study shows that in Puerto Rico
Odonata are distributed across a wide temperature range but that overall
abundance and species richness are highest in areas with a maximum annual
temperature of 28.51°C and above (Max-MH and Max-H categories), and a
minimum annual temperature between 18.51 and 22.5°C (Min-M and Min-MH
categories). It is known that the diversity of Odonata is higher in the warmer
tropics (Kalkman et al. 2008) but the role of temperature on Odonata distribution
at the landscape level remains to be explored in these regions. Most of the
evidence on the role of temperature on dragonfly and damselfly distribution
comes from studies on the effect of habitat disturbance on odonate communities.
In general, Anisoptera species richness is higher in altered habitats, which exhibit
a higher air temperature, while Zygoptera species richness is higher in preserved
habitats, which experience a lower but more heterogeneous temperature regime
(Dolny et al. 2011; Oliveira Junior et al. 2015, 2017). We found more species of
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Anisoptera than Zygoptera at higher temperatures, however the abundance of
Zygoptera was higher than that of Anisoptera in all but the highest temperature
category. Our samples were dominated by two Zygoptera, the coenagrionids
Enallagma coecum and Ischnura ramburii which ranked 1st and 3rd in abundance
in our samples, and together account for approximately 45% of the individuals
collected. Enallagma coecum and I. ramburii are widespread and common in the
West Indies (Poiron and Meurgey 2011, Paulson et al. 2014) and very common in
Puerto Rico where the distribution of 1. ramburii is limited to the lower elevations
(Garcia-Diaz 1938) which experience both lower rainfall and higher temperatures.

Holdridge Life Zones. Both the abundance and species richness of Odonata
were higher in the Subtropical moist forest zone (mf-S) than on the other life
zones. Our results also show that the highest species diversity (H’) was observed
in the Subtropical dry forest (df-s). These results are consistent with the
precipitation data that show the highest abundance and species richness at a
precipitation range between 1300 and 2200 mm, which corresponds to the
Subtropical moist forest, and the highest diversity between 700 and 1000 mm,
which corresponds to the Subtropical dry forest. These two life zones cover
approximately 75% of the island (Ewel and Whitmore 1973).

While the use of the Holdridge Life Zone system is common on descriptions
of study sites in Puerto Rico, we are not aware of any studies where it provides
the basis for the analysis of faunal distribution in Odonata. However, a better
understanding of how these insects are distributed across ecological life zones can
prove to be useful for their conservation. For example, the high value for species
diversity observed in the Subtropical dry forest deserves additional research.
While we have already argued that significant water resources may be present on
this life zone, water alone may not explain the high species diversity observed.

Land cover. Our results show that cover type is an important determinant of
Odonata species assemblages in Puerto Rico. We found that both abundance and
species richness were higher in the woodland and shrubland cover type, followed
by natural barrens, forest, and forested wetlands. Gould et al. (2008) defined the
cover types used in our study. Woodlands are defined as areas that have less than
60% tree cover and shrublands are areas with more than 25% cover by small trees
and shrubs. Woodland and shrubland cover approximately 13% of Puerto Rico’s
area. Natural barrens represent only 0.4% of the cover of the island and includes
among other beaches, riparian flood plains, and mudflats. Forest includes areas
were tree cover is greater than 60% and represent 40% of the island, while forested
wetlands, which cover 1% of the island, includes both mangrove and Pterocarpus
forests. Few authors have looked at the effects of land cover on Odonata
distribution and abundance. Renner et al. (2018) found that among four different
cover types in the Pampa biome in Brazil (grasslands, arable land, forested areas,
and sand patches) forested areas had the highest relative abundance of Odonata
but that species richness was higher in grasslands. While our results may appear
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to minimize the importance of forests and grasslands for Odonata, care should be
exercised on making this interpretation.

Predictions about the diversity and richness of the Puerto Rican Odonata are
difficult because the island’s landscape has undergone significant changes over
the last two centuries. Since early in the 19th century Puerto Rico experienced
extensive deforestation due mostly to the need for agricultural land, and by the
1940°s the island was almost entirely deforested, with remaining forests
representing only 6% of the island’s land area (Birdsey and Weaver 1987). The
impact of disturbance upon Odonata has been documented extensively, and the
effects include a decrease in species richness, lower diversity, and a shift from
more specialized to generalist species (Samways and Steytler 1995, Hothansl and
Schneeweihs 2008, Dolny et al. 2011, Brasil et al. 2014, Rodrigues et al. 2016).
Because of this, Klots’ and Garcia-Diaz’ publications in the 1930’s may reflect
an odonate fauna that was on decline due to deforestation resulting from
agriculture.

An increase in industrialization and a decline in agricultural activities
occurred after the 1940’s, resulting in further changes to the island’s landscape
(Grau et al. 2003, Helmer 2004). Key among these changes are an expansion of
forest and urbanized areas (Grau et al. 2003, Helmer et al. 2002, Helmer 2004), a
high number of small forest patches (Lugo and Helmer 2004), and forest
homogenization coupled with dominance by alien tree species (Grau et al. 2003,
Lugo and Helmer 2004). As a result of this reversing trend, closed forest areas
increased from 10% to approximately 42% in the 5 decades between the 1940°s
to 1990’s (Helmer et al. 2002). While an increase in forest cover may be
perceived as having positive effects on Odonata abundance and diversity, this is
not necessarily the case. For example, an increase in forest cover will result in a
larger canopy cover as well as an increase in the amount of shaded areas.
Remsburg et al. (2008) showed that dragonfly abundance was lower on sites with
high and moderate shade on riparian habitats in South Africa. Similarly, Ball-
Damerow et al. (2014) showed that canopy cover is negatively correlated with the
abundance and richness of Odonata in temperate forests in California and Nevada,
but that forest specialists increased with an increasing canopy cover. The
occurrence of forest specialists is of great importance in the tropics, where
forested sites generally show a high species diversity coupled with a large
proportion of forest specialists (Orr 2006, Paulson 2006, Dolny et al. 2011). In
our sample, only four genera (containing six species) are identified as genera with
shade tolerant species by Paulson (2006), which may be an indication that some
of these habitat specialists may have been eradicated from the island as a
consequence of deforestation prior to the 1940’s.

Recommendations. An important shortcoming of our work is the lack of
sampling in zones at high altitude and with a high annual rainfall and low mean
annual temperatures. While additional sites have been added after this work was
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completed, the lack of collection sites in these zones remains a drawback that
needs to be addressed.

Also, we did not explore the relationship between water-body type (lotic vs.
lentic) and Odonata assemblages, even though preferences for each type of habitat
affect both the abundance and species diversity of the insects (Fulan and Henry
2013, Balzan 2014, Seidu et al. 2019). Similarly, variables such as water
temperature, flow rate, dissolved oxygen, and riparian vegetation are known to
affect Odonata (McPeek 2008, Silva, et al. 2010, Mendes et al. 2017, Oliveira-
Junior et al. 2017), but their study was beyond the scope of the project. Studying
and understanding how Odonata interact with their environment is critical for their
conservation, especially on islands such as Puerto Rico. Of particular importance
is the role of anthropogenic disturbance and how it affects the insects. Because
Odonata are sensitive to disturbance, they are often considered good indicators of
environmental quality (Samways and Steytler 1996, Kutcher and Bried 2014,
Valente-Neto et al. 2015, Pesi¢ et al. 2017). Given the well documented patterns
of land use and anthropogenic disturbance in Puerto Rico, further research on this
area is encouraged. In addition, the recovery of Puerto Rico’s forests presents
new challenges, including those arising from increased urbanization and global
climate change, both of which can be expected to have substantial impacts on the
Odonata.
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