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RESUMEN

En este estudio, se presentan diversos analisis para evaluar aspectos relacionados con la
conservacion de las especies de Odonata (libélulas y caballitos del diablo) y en particular
de las especies del género Paraphlebia en México. Debido a la carencia de estudios en el
tema, el primer capitulo se evaluo el estatus de conservacidon de un género de odonatos
endémico de Centroamérica, Paraphlebia (P. hyalina, quinta 'y zoe), de acuerdo con el
criterio B (rango geografico) de la Lista Roja de especies de la Unidon Internacional por la
Conservacion de la Naturaleza (UICN). Dos de las tres especies que se distribuyen en
México ya habian sido evaluadas en esta lista, no obstante se observd que dos de ellas
deberian situarse ahora como Vulnerable o En Peligro, producto de esta investigacion.
Asimismo, casi la mitad del rango de distribucidén estimado para las especies se encuentra
en vegetacion secundaria o en areas agricolas o urbanas. En las proyecciones a futuro se
observd que el rango geografico de una de las especies evaluadas disminuye
dramaticamente (P. zoe), mientras que el rango potencial de distribucion de otra de las
especies se amplia (P. quinta). El segundo capitulo incluye un analisis de los registros de
odonatos presentes en México. Se observd que el registro de odonatos es agregado y las
ecorregiones del norte del pais son las que menos cuentan con registros. En el tercer
capitulo se relaciona el nimero de registros geograficos y de riqueza de especies con el
uso de suelo y vegetacion presente. Los resultados muestran que tanto los registros como
las especies son mas abundantes en areas boscosas y zonas agricolas, y menos
abundantes en areas sin vegetacion y en zonas de pastizales con otro tipo de vegetacion,
de acuerdo con las entidades de uso de suelo. Se encontraron débiles relaciones positivas
entre la riqueza de especies y la cobertura arbdrea, y también débiles relaciones
cuadraticas entre la riqueza de especies y el indice de huella humana. En las conclusiones
generales se expresa que dado el precario conocimiento del estado de conservacién de los
odonatos en México, es urgente continuar con estudios tanto a nivel nacional, como
particulares o regionales. Una razon es que algunos grupos tales como Paraphlebia, estan
en peligro de extincion o con algun estatus de riesgo en el futuro, y de muchos mas no se

tiene conocimiento sobre el estado de conservacién de sus poblaciones.



ABSTRACT

In this study | evaluated several aspects related to conservation of Mexican odonate
(dragonflies and damselflies) species. Given the paucity of studies in this area, in the first
chapter | assessed conservation status of one endemic odonate genus of Central America,
Paraphlebia (P. hialina, quinta'y zoe), according to the criterion B (geographical range) of
the Red List of the International Union for the Conservation of Nature (IUCN). Two of the
three species distributed in Mexico had been assessed already, however | found that two of
them should now be placed as Endangered or Vulnerable. Also, nearly half of the
estimated range for these species is located on secondary vegetation or agricultural or
urban areas. Future projections predicted that the geographic range will decrease
dramatically (P. zoe) and for the other one it will expand (P. quinta). The second chapter
includes an analysis of odonate records found in Mexico. | found highly aggregated with
fairly few records on the North. In my third chapter, | relate the number of geographical
records and species richness per area through the land use and vegetation, tree cover and
human footprint. The results showed that both records and species richness are more
abundant in forest and agricultural areas, and less abundant in areas without vegetation
and grassland areas with other vegetation type. | found a poor positive relationship
between species richness and tree coverage, and a quadratic one between species richness
and index of human footprint. | conclude that, given the precarious state of conservation
of Mexican odonates, it is urgent to continue assessment studies both at a national and
regional level. Some groups such as Paraphlebia are currently endangered or with some
status risk in the near future, and we are largely unaware about the status of the majority

of odonates.



INTRODUCCION

La pérdida de la biodiversidad se ha incrementado en los ultimos 40 afios. Diversos
factores han contribuido a la degradacién o desaparicion de los ecosistemas y de los seres
vivos que viven en ellos. Por ejemplo, el aumento de la densidad poblacional humana
junto con el desarrollo de sus actividades son unas de las causa principales de que miles
de especies estén desapareciendo o estén en riesgo de desaparecer. Ademas, la pérdida
de biodiversidad afecta la funcionalidad de los ecosistemas y su estabilidad (Cardinale et
al. 2012) y varios indicadores muestran que la disminucién de la diversidad de especies
muestra una tendencia negativa (Butchart et al. 2010; Newbold et al. 2015). Con respecto a
lo anterior, es transcendental generar informacidon encaminada a la conservacién de las
areas con mayor riesgo y de las especies mas vulnerables, en peligro de extincion o
aquellas mas atractivas. Varios estudios de conservacidén o monitoreo se han realizado en
Europa o en América del Norte (Birdlife 2004; Maes et al. 2012), principalmente con plantas
o vertebrados (Doumenge et al. 1995; Hoffman et al. 2010; Croxall et al. 2012; Bohm et al.
2013; de Lange et al. 2013). Sin embargo, la informacion que se tiene a nivel global es
heterogénea, es decir, existen muchos taxones y regiones del mundo en los que se
desconoce el estado actual que guardan las poblaciones, como es el caso de varios grupos
de invertebrados (Cardoso et al. 2012, Sutherland et al. 2014).

A pesar de que los insectos representan la mayor diversidad de organismos en el
planeta (Cardoso et al. 2012), existen pocos estudios sobre qué variables son importantes
para el mantenimiento y funcionamiento de sus poblaciones y especies. Los insectos
tienen un papel relevante en el funcionamiento de los ecosistemas, ademas de un enorme
valor utilitario y por ser parte importante en las interacciones que mantienen el buen
funcionamiento de los ecosistemas (Samways 2005). Dentro de los insectos y en términos
de conservacion, existen grupos relativamente mejor estudiados como las mariposas o
algunas especies de coledpteros, que quizas por su belleza les confiera un caracter
atractivo (Lewis y Senior 2011; Thomas et al. 2011; Leschen et al. 2012). Otro grupo
relativamente bien estudiado a nivel global son los odonatos (Insecta: Odonata),
comunmente llamados libélulas o caballitos del diablo. Los odonatos son organismos que
en su etapa juvenil viven (generalmente) en el agua y los adultos son terrestres-aéreos

(Corbet 1999). Esta ambivalencia de habitats los han hecho idéneos para ser considerados



como indicadores de calidad ambiental, sobre todo de la integridad de habitat alrededor
de los cuerpos de agua (Sato y Riddiford 2008; Simaika y Samways 2009; Silva et al. 2010;
Kutcher y Bried 2014), lo que los hace excelentes candidatos para estudios de
conservacion (Samways 2005; Kalkman et al. 2008; Clausnitzer et al. 2009; Dolny et al.
2011).

En México, se han citado 357 especies de odonatos de las cuales 49 son endémicas
(Gonzalez-Soriano y Novelo-Gutiérrez 2014). Hasta el momento, ocho especies se
encuentran en alguna categoria de riesgo segun la Lista Roja de especies de la Unidn
Internacional por la Conservacion de la Naturaleza (IUCN por sus siglas en inglés) Cabe
sefalar que dichas evaluaciones no han sido hechas por investigadores nacionales y se
supone que se hicieron con escasos conocimientos del estado real de las poblaciones y
especies, por lo que, en gran medida, se basan en registros anecdéticos (IUCN 2015). Por
otra parte, ninguna especie de Odonata forma parte de la Norma Oficial Mexicana NOM-
059-ECOL-SEMARNAT, el documento oficial mexicano que determina a las especies
amenazadas o en peligro de extincion (SEMARNAT 2010). La mayoria de los estudios
recientes de odonatos en el pais se han enfocado a estudios taxonémicos a nivel regional
(Behrstock et al. 2007; Upson et al. 2007; Gonzalez-Soriano et al. 2008; Novelo-Gutiérrez y
Gomez Anaya 2009; Escoto-Moreno et al. 2015). Sin embargo, es clara la escasez de
informacion sobre los inventarios de odonatos a nivel nacional, en donde y como se
distribuyen las especies en el pais y del estado de conservacion de las mismas. Dado el
deterioro ambiental en México (Landa et al. 2007), es urgente iniciar estudios encaminados
a generar conocimiento que aporte informaciéon a la conservacidon de las especies de
odonatos en México. Es por esto que en mi trabajo doctoral emprendi una linea
investigacion sobre biologia de la conservacion en este grupo.

Paraphlebia es un género endémico de Centroamérica. En México se distribuyen
tres de las cinco especies que lo forman (Novelo-Gutiérrez 2008). Estas especies viven en
escurrideros y en arroyos pequefios en zonas de bosque mesofilo de montafia. En varias
especies los machos presentan dimorfismo (Romo-Beltran et al. 2009), y dos especies ha
sido evaluadas en la Lista Roja de Especies de la UICN. Se desconocia su distribucion
actual y su estado de conservacion.

Mi tesis se divide en tres capitulos: En el capitulo uno analicé la distribucion y la
recategorizacién en la Lista Roja de especies dos especies de un género de odonatos

endémico de Centroamérica, Paraphlebia, las cuales habian sido evaluadas en dicha lista.



En el capitulo dos evalué cémo se encuentra el inventario de odonatos a nivel nacional,
indicando zonas con mayor esfuerzo de muestreo y aquellas donde se requieren mayores
esfuerzos para conocer las especies presentes. En el capitulo tres realicé un analisis de la
riqueza de odonatos con respecto al uso de suelo, cobertura arborea y huella humana. El
capitulo uno ya fue publicado en la revista /nsect Conservation and Biodiversity. El capitulo
dos se encuentra actualmente sometido a la revista Systematics and Biodlversity, el tercero

fue sometido a Environmental Conservation.



OBJETIVOS

Objetivo General:
Realizar un analisis del conocimiento de riqueza de especies con un enfoque de
conservacion de las especies de odonatos en México y evaluar el estado de conservacidn

de las especies del género Paraphlebia en México como estudio de caso.

Objetivos Particulares:

1. Estimar y generar un mapa del area de distribucion del género Paraphlebia en
México.

2. Realizar un analisis de la riqueza de especies de odonatos en México, su relacion
con el uso de suelo y huella humana para determinar zonas criticas de
conservacion de odonatos en México.

3. Proponer algunas medidas de conservacidon para los odonatos en México, y del
género Paraphlebia con base en los datos obtenidos de distribucién, uso de suelo y

curvas de acumulacion de especies.



CAPITULO |

Conservation status assessment of Paraphlebia damselflies in Mexico



. Insect Conservation and Diversity

Insect Conservation and Diversity (2015) doi: 10.1111/icad.12132

Conservation status assessment of Paraphlebia
damselflies in Mexico

KARINA CUEVAS-YANEZ,' MIGUEL RIVAS,' JESUS MUNOZ? and
ALEX CORDOBA-AGUILAR!
Universidad Nacional Auténoma de México. Mexico. D.F.. Mexico and *Real Jardin Botdnico (RIB-CSIC). Madrid,
Spain

'Departamento de Ecologia Evolutiva, Instituto de Ecologia,

Abstract. |. We assessed the conservation status of the three Mexican Para-
phlebia damselflies based on the criterion B of the Red List of the International
Union for Conservation of Nature's (IUCN): P. hyalina, P. quinta, and P. zoe.
According to this List. P. hvaling has not been evaluated, P. quinta appears as
least concern, and P. zoe appears as Vulnerable. Geographical records were
taken from literature, enquiries to specialists and field visits. We also projected
the future potential geographical range area.

2. We generated species distribution models (SDM) for P. quinia and P. zoe
(as there were not enough records for P. ivalina) as a surrogate of the exten-
sion of occurrence (EOOQO) and also calculated the area of occupancy. Future
distributions were projected for years 2020. 2050, and. 2080 based on predicted
changes in climatic conditions.

3. Species distribution models predicted current EOO areas for P. quinta and
P. zoe as 18 860 and 16 440 km”, respectively, and around 50% of their distri-
bution coincides with agricultural, pasture or urban sites.

4. Our SDM results indicate that IUCN-based conservation status of the
three species should be changed as follows: P. quinta and P. zoe moved Lo
endangered category, and P. hyalina to data-deficient category based on the
reduced EOQO areas and the historical loss of habitat.

5. For P. quinta, future climatic projections suggest an initial reduction
(2020) followed by an expansion (2050 and 2080) in suitable areas, whereas for
P. zoe there will be a decrease in predicted area for the three time periods. Pre-
serving areas that provide shade. high humidity and perching sites seems to be
a key for Paraphlebia species survival.

Key words. Climate change. damselfly. International Union for Conservation of
Nature’s, Maxent. Paraphlebia.

Introduction tion, urbanisation, and climate change (Clausnitzer et al..

2009; McGeoch er al.. 2011: Simaika et al., 2013). Conse-

Freshwater habitats are severely threatened by multiple

factors, including resource extraction. introduction of

alien species. pollution. changes in land use, anthropisa-

Correspondence: Alex Cordoba-Aguilar. Departamento de Eco-
logia Evolutiva. Instituto de Ecologia. Universidad Nacional
Auténoma de México, Apdo. Postal 70-275, Ciudad Universitaria,
04510 Mexico, D. F.. Mexico. E-mail: acordobat iecologia.unam.mx

© 2015 The Royal Entomological Society

quently, researchers have increased their efforts to evalu-
ate the conservation status of invertebrate taxa (Hawking
& New. 2002), mollusks (Régnier ef al.. 2009). and water
beetles (Abellin er a/.. 2005). Odonates (dragonflies and
damselflies) are ecologically important insects in freshwa-
ter habitats. Odonates have two morphologically and eco-
logically different life cvcle stages (aquatic or semiaquatic
larvae and terrestrial adults), both of which show strong
responses to habitat and climatic changes (Hassall &

1



2 Cuevas-Ydnez el al.

Thompson, 2008: Clausnitzer er al.. 2009). Examples of
such changes are deforestation and urbanisation (Lambin
et al., 2003; Martinez et al.. 2009; McGeoch er al., 2011)
and increases in land temperature (Hassall & Thompson,
2008).

The threat or extinction status of most invertebrate spe-
cies remains unknown; consequently, exceedingly few
arthropod species are included in the International Union
for Conservation of Nature's (IUCN) Red List (Strayer,
2006: Cardoso et al.. 2011a). Related to this, approxi-
mately 0.5% from the overall number of arthropod spe-
cies has been included in the International Union for
Conservation of Nature’s (thereafter, IUCN) Red List
(Cardoso er al., 2011b). One of the IUCN Red List crite-
ria most widely emploved is that of geographical range
size (criterion B) (i.e. Feria et al.. 2009). measured as
extension of occurrence (EOQO. represented in Bl crite-
rion) or the area of occupancy (AOO, represented in B2
criterion). The EQO is defined as ‘the area contained
within the shortest continuous imaginary boundary which
can be drawn to encompass all the known. inferred or
projected sites of present occurrence of a taxon, excluding
cases of vagrancy” (IUCN, 2013). On the other hand. the
AOQ is defined as:

the area within its ‘extent of occurrence’, which is
occupied by a taxon, excluding cases of vagrancy.
The measure reflects the fact that a taxon will not
usually occur throughout the area of its extent of
occurrence, which may contain unsuitable or unoccu-
pied habitats (IUCN, 2013).

Although the IUCN suggests the minimum convex
polygon or convex hull polygon to calculate EOO and
AOO (IUCN, 2013), these methodologies wildly overesti-
mate the potential distributional range by including areas
inappropriate for the species” development (Simaika &
Samways, 2010: Clausnitzer er a/., 2011). Instead, poten-
tial distribution range can be predicted using species dis-
tribution models (SDM) (Elith & Leathwick. 2009b) as
surrogate measures of EOO (Feria ef al., 2009) and AOO
(Cardoso et al.. 2011a). SDM overcomes the patchiness of
distributional data. thus providing a more accurate repre-
sentation of species distribution (Elith & Leathwick.

10

2009a.b: Simaika & Samways. 2009; Almeida er al., 2010;
Cardoso e al.. 201 1a: Clausnitzer ef al., 2011).

Climate change models may provide an initial approxi-
mation to assess the future impact of environmental fac-
tors on species’ range areas (Pearson & Dawson, 2003). In
odonates, for example a number of studies have found
profound effects of present and future climatic conditions
(Hickling er al.. 2005: Hassall & Thompson. 2008:
Sdnchez-Guillén er al.. 2013, 2014). Nevertheless, efforts
to understand the distribution of threatened odonate spe-
cies using climate change scenarios are limited (but see
Sdnchez-Guillén er al., 2014).

Within the above framework., we studied Paraphlebia
damselflies (Insecta: Odonata: Megapodagrionidae), a
Mesoamerican genus that is distributed across Mexico.
Guatemala. and Honduras (Garrison er af.. 2010). Four
species are currently recognised. of which three occur in
Mexico: P. hyalina, P. quinta, and P. zoe (P. zoe is actu-
ally endemic of Mexico) (Novelo-Gutiérrez, 2008). Larvae
of Paraphlebia can be found in humid litter, under rocks
or aquatic vegetation in seepages. whereas adults live in
seepages. small creeks or next to streams and/or cascades
in tropical mountain forest or cloud forest (Novelo-
Gutiérrez, 2008; Garrison et al.. 2010). According to our
own observations, Paraphlebia species vary from uncom-
mon to abundant in a given locality. and only in a few
sites studied the abundance reaches more than 40 individ-
vals. It is likely that the three Paraphlebia species that
occur in Mexico may be under threat due to habitat
reduction in tropical mountain forest (Williams-Linera
et al., 2002) which is where they live. Despite this, the
IUCN Red List status categorises P. quinta in the least
concern category (Paulson. 2009). and P. zoe in the Vul-
nerable category (Paulson and von Ellenrieder. 2006;
Table 1). Paraphlebia hyalina has not been formally evalu-
ated yet, but our thorough search for records suggests
that it is a rare taxon, and also that the locality informa-
tion in old records may be inaccurate, precluding their
use in SDM generation. Under Mexican legal regulation.
none of the three species appears under any risk status
(NOM-039-SEMARNAT, 2010).

Therefore, we had the following aims: (i) to model the
potential geographical range and extension area in Mexico
with occurrence data using SDM; (ii) based on SDM

Table 1. EOO potential range estimated by SDM and AOQ for the three Paraphlebia species.

P. hvalina (2) P. quinta (13) P. zoe (48)
Current category by IUCN Red List Not evaluated Leust concern Vulnerable
EOO range as SDM (km?) Not evaluated 18 860 16 440
Proposed IUCN Red List category Data deficient Endangered Endangered
AOO range (km?) 10 48 160
No. cell/width/height (2 km) 2 12 40
Proposed TUCN Red List calegory Data deficient Endangered Endangered

EQO, exlension of occurrence: SDM, species distribution medels; AQO, area ol occupancy: IUCN, International Union for Conservation

of Nature's.

Numbers in parentheses indicate geographical records for each species,
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techniques, to revise the IUCN conservation status of
these species (based on criterion Bl); (iii) to determine the
proportion of EQO that is under threat in Mexico by land
use change and: (iv) to project tendencies in future distri-
bution ranges for P. quinta and P. zoe based on future cli-
matic scenarios. Our study is also framed in the need of
carrying out conservation assessment exercises in Mexico
as its current regulation has incorporated only a handful
of insect species. none of which are odonates (NOM-059-
SEMARNAT, 2010).

Materials and methods
Data collection

We only obtained two undisputable occurrences for
P. hyalina, and so we did not perform further SDM
analysis for this species. For P. quinta and P. zoe, we
obtained occurrence records from museums, online data-
bases of biodiversity (i.e, CONABIO, 2010, Mexican Gov-
ernment and Smithsonian Museum). scientific literature.
and contacting specialists about unpublished records. The
raw database was depurated to add geographical coordi-
nates or to eliminate inconsistent records: in some cases
we visited the locality to confirm doubtful records. Two
records of P. quinta from outside its main distribution
area in Los Tuxtlas region were kept after consultation
with an entomologist (Rodolfo Novelo-Gutiérrez, Institu-
to de Ecologia. A. C.. Xalapa. Veracruz, México) working
in the area. To increase the number of records of P. zoe,
we carried out feld trips to the Mexican states of Vera-
cruz, Hidalgo, Puebla. San Luis Potosi and Querétaro.
From July to September of 2011 and 2012, we visited
seepages and small streams covered with scattered vegeta-
tion (from creeks from slight to moderate slope — Paulson,
2009) and surrounding water bodies between 11.30 and
17.00 hours, spending 2-3 h per site. We concentrated
only on adults as larvae are extremely difficult to find
given their colour and rocky appearance (all authors’ per-
sonal observations). Sampling was conducted opportunis-
tically. and thus occurred under a variety of weather
conditions, ranging from full sun to overcast with light
rain; conditions on which Paraphlebia species are known
to be active. We re-visited localities with published
records (i.e. Novelo-Gutiérrez, 2008; Escoto-Moreno &
Mirquez. 2011). and also sites with appropriate vegeta-
tion not previously studied. In addition. we traced a tran-
sect for approximately 1 km upstream and downstream of
each site to search extensively for odonates along the
seepage or streams, taking special care in the riparian veg-
etation, tree canopies. rocks, in or around smalls ponds.
as well as on dry branches or leaves on the floor., and
shrubs and tree branches in shaded places. This search
took around 3 h in each place. Abundance was different
across sites, ranging from 2 to 20 individuals per site. All
sites were in montane cloud forest and coffee plantations.
between 500 and 1500 m a.s.l. In total. we visited 45 sites.
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which provided 13 new records for P. zee, but no new
records for P. quinta: the final number of occurrences
were 13 for P. quinta and 48 for P. zee (Table 1). All
records were georeferenced with a GPS receiver (Garmin
eTrex Legend: Garmin International Inc.. Olathe, KS.
USA). Data locations. including historical ones. along
with their georeferences are included in Table S1.

Data analysis

We generated SDM with Maxent 3.3.3k (Phillips et al.,
2006). a deterministic algorithm that has been shown to be
among the best modelling methods (Elith ef al.. 2006; Elith
et al., 2011). Models were generated setting several Maxent
presets to default (‘Auto features’, convergence = 1077,
maximum number of iterations = 500, prevalence = 0.5)
and varying predictor variables and (he regularisation value
£ (0.3, 1, and 2) to find which combination generated the
best outcomes while minimising the number of model
parameters, as well as producing ‘closed’. bell-shaped
response curves guaranteeing model transferability. A regu-
larisation multiplier higher than 1.0 allows that variables’
average values in the projections spread from the empirical
average of the background points (the situation if it is set
to 1.0), avoid model overfitting (Warren & Seifert, 2011),
and smooth the response curves, As background, we ran-
domly selected 10.000 points from the study area. As biocli-
matic  predictors, we used 15 WorldClim 1.4
(www.worldclim.org) variables (Hijmans er al, 2005) at
I x 1 km pixel size. avoiding variables with patchy pat-
terns (bio_8, bio_9, bio_l8, and bio_l9). which would
result in unrealistic. spotty models. The extreme coordinates
the analysis area was 26°N, 12°S, —86°W, —103°E. As we
were interested in obtaining the best possible models and
not in explaining what variables are important for each
species, we did not attempt Lo remove correlated predictors.
Maxent has the capacity of choosing the most informative
variables among all predictors for modelling each species
(Elith er al., 2011): moreover it generates robust predictions
even if there is moderate collinearity among variables (Elith
el al.. 2011; Merow ¢t al., 2013). Performance of the mod-
els was assessed by means ol the area under the curve
(AUC) in a receiver operating characteristic (ROC) statistic
through five-fold cross-validation, emphasising that sensitiv-
ity (true positive rate) was maximised.

Continuous Maxent models were transformed to pres-
ence/absence models using the “10 percentile training pres-
ence’, as the origin of our data set caused georeferencing
issues in a reduced number of presences. which would
exceedingly increase the area predicted present, something
undesirable in a conservation analysis. We calculated the
land use change area (in km:) of the EOO in Mexico by
the model by cutting-off the original forest vegetation in
Land Use and Vegetation map of INEGI (Union Layer.
Series V from INEGIL. 2011). to determine what percent-
age the estimated area is threalened by zones with land
use change (crops, pasture. and urban areas).

© 2015 The Roval Entomological Society. Insect Conservation and Diversity
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The best models for current climatic conditions were
used to generate high-resolution maps of likely range
shifts due Lo climate change. We used the A2a scenario Lo
produce future projections. as this scenario seems Lo be
the more realistic at present (Nakicenovic & Sward,
2000). We generated future projections at 5 x 5 pixel size
for the four global circulation models with data available
for the time slices 2020, 2050, and 2080 (from Research
Program on Climate Change, Agriculture and Food
Security) spatially downscaled using the Delta Method
(http://www.ccafs-climate.org): CCCMA-CGCM2, CSIRO-
MK2.0, UKMO-HADCM3, and MIROC-NIESS99). The
final presence/absence model for each species and time
slice was the area where the four models predicted pres-
ence for the species considered (Fig. la, b). To confirm
that combinations of novel climates were the most ade-
quate in the projections, we generated the multivariate
environmental similarity surfaces; this grid was reclassified
and values below zero were masked to show areas of
novel climate space relative to the range under which the
model was fitted. Area calculations were done on rasters
projected to Lambert Conformal Conic.

Results

We could calculate neither present ranges nor future dis-
tributions for P. hyvalina as we only obtained two records.
For P. quinta and P. zoe, the models combined highest
performance (high AUC) and transferability (i.e. lower
number of parameters and ‘closed” curves. Optimal model
for P. guinta had an AUC of 0.986 + 0.009, and for
P. zoe it was of 099 £+ 0.003, meaning high predictive
power in both cases. Table S2 shows a summary of the
performance of the best models.

The EOO range calculated by SDM for each species is
less to 20 000 km® (Table 1) and according to the crite-
rion Bl of the Species Red List. both would be within the
Vulnerable category (Table 1). The area predicted as suit-
able for P. guinta includes part ol the Los Tuxtlas region
in Veracruz, part of Oaxaca, Chiapas, and west Guate-
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mala and south Belize (Fig. la). The EOO area calculated
for P. zoe includes part of the states of Veracruz, Puebla,
Hidalgo. Querétaro. San Luis Potosi, Oaxaca, and a small
region of the states of Michoacin and Tamaulipas in the
Sierra Madre Oriental mountains system (Fig. 1b). The
estimated EOO for both species suggest that almost 50%
of the distribution occurs in agricultural., pasture, or
urban sites (Table 2; Fig. 2a. b). The AOO range calcu-
lated for both species is <500 km?, meaning that they
should be in the endangered category, according to the
criterion B2 of the Red List (Table 1).

Future distribution projections for both P. quinta and
P. zoe differ from current geographical range. Compared
to present distribution ranges, P. quinta will contract in
2020 (41.2%: Fig. Sla), to then expand by 2050 (119.5%:
Fig. S1b) and 2080 (139.5%: Fig. Sl¢) (Table 3). On the
other hand, distribution area of P. zoe will be reduced for
the three time periods compared to the present extension
(2020: —33.9%; 2050: —29.1%; 2080: —30.2%: Fig. S2a-c,
respectively, and Table 3). The CCMA-GCGM2 and
NIESSY9 models predicted more area in the 3 years selected
(2020, 2050 and 2080) for P. quinta, and CGC for P. zoe.

Discussion

Our study is a conservation assessment of the genus Para-
phiebia, with relevant data for conservation measures and
interpretation of future distribution. Despite the fact that
P. hyvalina has a very restricted distribution (Gonzilez-So-
riano & Novelo-Gutiérrez, 2013) and that there was no
prior evaluation by the IUCN (2013), we propose that its
status should be data deficient. awaiting for more data. or
endangered if we consider only its reduced AOO. Thus,
we recommend continuing with field searches in places
where this species has been reported. For P. quinta, the
last categorisation was least concern (IUCN, 2013) but
our results suggest that this species should be considered
endangered (according to AQO). Again, further field
searches will become key for future assessments. For
P. zoe. our evaluation partly corroboraltes that by Paulson

Fig. 1. Extension ol occurrence calculated by species distribution models for Paraphlebia quinta (a) and P. zoe (b). Dolts are actual geo-

graphical records.
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Table 2. Estimated arca with original vegetation and land use
change for Paraphlebia quinia and P. zoe (in km?).

Estimated area Estimated area

Predicted with original with land use
area vegetation change
P. quinta 18 864 8500 10 363
Pi..z0e 16 440 8768 7672
=T
/4 (a)

Fig. 2. Extension of occurrence estimated areas for Paraphlebia
quinta (a) and P. zoe (b). Original lorest vegetation appears in
purple. whereas areas with current land change use (i.e. agricul-
tural, pasture) appears in orange.

and von Ellenrieder (2006), but it may as well be consid-
ered as endangered (according to AQO). Overall, we rec-
ommend that P. hvalinag and P. quinta should be looked
for more intensively and. to a minor extent, P, zoe. This
search may provide new records and also discard others.
For example and related to the latter, some localities in
San Luis Potosi and Hidalgo cited in Escoto-Moreno and
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Table 3. Consensus (average) estimated (potential) area (km?)
predicted with climatic projections for current time. and 2020,
2050, and 2080 years for Paraphlebia quinta and P. zoe.

P. guinta P. zoe
Current extension 18 814 16 440
2020 7885 5575
2050 22 495 4786
2080 26 262 4970

Mirqguez (2011). did not correspond to the actual habitat
where we found P. zoe, or were inconsistent with the
geographical coordinates provided by these authors and
other explorations we had already carried out in 2011
(e.g. Anderson er al.. 2012; Wong-Munoz et al.. 2013).
The three Paraphlebia species distributed in Mexico
inhabit seepages or small creeks in tropical rain forest.
Our analysis shows that P. quinta and P. zoe are threa-
tened by habitat modification via land use change. In fact,
almost 50% of the area considered suitable by SDM
included forest area. Our natural history observations sug-
gest that the tropical forest provides these species with
enough shadow. humidity and perching sites. which seems
to be key for their development. Unfortunately. land use
is under extensive change in cloud forest areas in Mexico
as original vegetation is replaced by coffee plantations to
a large extent (Williams-Linera et al.. 2002). Nevertheless.
these changes still provide some shade and perching sites
that are key for P. quinta and P. zoe adults as these spend
most of their time resting on vegetation (e.g. Gonzilez-
Soriano & Coérdoba-Aguilar. 2003 for P. quinta). Actu-
ally, adults of both sexes of P. zoe move relatively little
when compared with other damselflies (Munguia-Steyer
et al., 2010). This suggests that Paraphlebia adults are not
likely to move away and/or disperse if vegetation removal
takes place. One implication for being so site faithful is
that odonate species with this characteristic are less likely
to survive when habitat loss takes place compared Lo spe-
cies that are less site laithful (e.g. Lee & Rice, 2005).
Future climatic projections of the two species suggested
different patterns in distribution range. P. quinta showed
a decrease (year 2020) but then an expansion (years 2050
and 2080) in geographical range. Conversely. P. zoe
showed a severe area reduction for the three time periods.
These results somehow contradict several related studies
in temperate odonates, which in general have shown a
reduction in distributional range. with a poleward distri-
bution displacement (Hickling er al., 2005: Jaeschke er al.,
2012; Bush er al., 2014). There are. however, important
differences to be distinguished in this comparison. First.
ours is the only study of possible future climate change
effects on distribution that explicitly makes use of tropical
odonate species. Thus, unlike those previous studies that
used temperale odonate species, tropical odonales may
show a different distribution response. In lact, Bonebrake
and Deutsch (2012) have indicated that high topographi-
cal complexity (e.g. mountains) of tropical species may
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act as potential buffers of temperature changes, a
situation that applies to all Paraphebia species. Second.
the restricted areas that are typical of endangered species
may be due to particular biological properties not neces-
sarily shared with non-threatened species (i.e. Jones ¢t al..
2003). Properties that would make some species more sus-
ceptible to extinction are. however, unclear in odonates
but still distribution range shifts may be a consequence of
it. Take, for example the case of another endangered
damselfly, Ischnura gemina whose current distribution area
is very small. mainly confined to San Francisco bay
(Sanchez-Guillén et /., 2014). Paradoxically, SDM for
2050 and 2080 showed an increase in area for this species
(Sianchez-Guillén et al.. 2014). which is similar to what we
predicted for P. quinta. Of course, models of future distri-
bution should be taken with care but, for conservation
biology purposes, our intention here is to predict how
such range area would take place (Akcakaya er al., 2006).
Trends in distribution should be assessed in the due time
to see how much they correspond with what we have
predicted.

In conclusion, our results provide data that help to re-
assess the threat status of two tropical damselfiies,
P. quinta and P. zoe. in the IUCN Red List. and to
include them in the Mexican list of species in risk (NOM-
059-SEMARNAT, 2010). Although the SDMs generated
for this study are in accordance with presently known
range distributions ol both species, it can be argued that
models generated with such a small dataset as P. quinta.
may in facl represent overprediction areas. Nevertheless.
these areas could actually be used to indicate regions
where additional monitoring might reveal new occur-
rences. We believe our research may serve not only as a
piece for conserving tropical damselfly species, but also
their freshwaler environments.

Acknowledgements

We thank R. Sanabria, S. Martinez. S. Rivero, J. Vanegas.
and A. Nava for their assistance during field surveys. K.
Cuevas-Ydnez acknowledges to a student grant and finan-
cial support provided by the Consejo Nacional de Ciencia
y Tecnologia (CONACYT) (226198/210553). Universidad
Nacional Auténoma de México (UNAM). JM received
financial support from the Ministry of Economy and
Competitiveness of Spain (grant CGL2012-38624-C02-02).
This study was supported by a UNAM-PAPIIT grant
(IN222312) and a visiting grant by the Coordinacion de In-
vestigacion Cientifica (UNAM) to JM. Permits for the field
portion of this project were provided by the Secretaria de
Medio Ambiente y Recursos Naturales (SEMARNAT)
(Mexican Government) issued to AC-A. This study consti-
tutes a partial fulfilment of the Graduate Program in Bio-
logical Sciences (Posgrado en Ciencias Biologicas) of the
National Autonomous University of Mexico (UNAM) for
K. Cuevas-Ydnez. Thanks to three reviewers who provided
key comments Lo a previous version.

14

Supporting Information

Additional Supporting Information may be found in the online
version of this article under the DOI reference: doi: 10.1111/
icad.12132:

Figure S1. EOO projections for 2020 (a), 2050 (b). and
2080 (c) for P. quinta. indicating for each pixel the num-
ber of binary models predicting the species as present
according to four General Circulation Models (CCCMA-
CGCM2, CSIRO-MK2.0, UKMO-HADCM3. and MI-
ROC-NIESS99), from green (1). vellow (2). orange (3) to
red (4). Dots are actual geographical records.

Figure S2. EOO projections for 2020 (a). 2050 (b). and
2080 (c¢) for P. zee. indicating for each pixel the number of
binary models predicting the species as present according
to four General Circulation Models (CCCMA-CGCM2,
CSIRO-MK2.0, UKMO-HADCM3. and MIROC-NI-
ESS99), from green (1), vellow (2), orange (3) to red (4).
Dots are actual geographical records.

Table S1. Geographical records of Paraphlebia species.

Table S2. Summary of the variables used and the per-
formance of the best models for each species. Models with
AUC below 0.9 are not shown.
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Supplementary table 2. Smmmary of the variables used and the performance of the best

models for each spacies. Models with AUC below 0.2 are nor shown.

Species variables nsed betammitplizr  training AUC  n” parameters

P quiniz all 1 0 9RC3 !
* bio 3. bic 12, 5io 15, bio 17 1 0.9877 5
buod, b0 2, o b o 12 o 13, o 16, o 1/ 1 ACH R ] 8
bio 3, bio 12, bio 14, bio 15 bo 17 1 0.9877 3
bio 3, bio 14 bio 15 bio 17 1 0.98358 5
bio 3 bio 13, bio 17 1 0.9837 +
all 03 0.9937 12
bio 11 _bic 12 _bdo 13, hin 14 _bio 15 _bio 6. b 17 0z 0.905 a
Liw03 . law 06 . bw 11, Wo 12 nv 13 b 14, o 15  low 16 . Lw 17 03 0.9937 g

P zoe all 1 0.997 33
*bio 10.bwo L1, bio 13 1 0.9034 8
bio 6, bio 10, bis L1, bio L2 bio 13, bio 14, bio 12, bio 16 1 0.9945 24
bio 6. bio 10, bis 11 bio 12 buo 13, bio 14, tio 15, bio 16 1 0.9931 14
bio 6. bio 10, bio 11.bo 15 1 0.9789 12
bio§. bio 10, bio 11, io 12 bio 16 1 0.9924 13
buo 6, bo 10, bao 11, Tmo 12 bio 13, o 14, o 16 1 L EE] 1
hin 5_bhin & kio 10 hia 11 hic 17 hio 13 hia 14 hin 75 hin 16 1 0 9948 20
bio 10, tio 11, tue 16 1 0.9883 &
bro 10, o 11, tao 12, tac 135, tao 14, bio 16 1 Duuiz 1%
bio 10, bro 13, tae 14, o 15 1 0.9875 21
bio 13, bio 14, tic 16 1 0.9554 11
bio 10, bio 13. bio 14 1 0.9338 9
bio 10 bio 11, bio 12, bicl3, bio 14 1 0.9031 13
bio 10 o 11 buo 14 1 08033 11 i




20

Supplementary malenal figure 1. COO projections [or years 2020 (a), 2050 (L) and 2080 (c)
for . quinta. indicating for each pixel the number of binary models predicting the species
as present according to fowr General Circulation Models (CCCMA-CGCM2. CSIRO-
ME2.0. UKMO-HADCM3, and MIROC-NTESS99), fronmn green (1), yellow (2), orange (3)

to red (4). Dots are actual geographical records.
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Supplementary material figure 2. EOO projections for 2020 (a), 2050 (b) and 2080 (c) for
F. zoe, mdicating for cach pixel the namber of binary models predicting the specics as
present according to four General Circulatnon Models (CCCMA-CGCM2, CSIRO-ME?2 .0,
UKMO-HADCM3, and MIROC-NIESSSY), from green (1), vellow (2). orange (3) to red
(1). Dots are aclual geograplical records.
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CAPITULO I

Are all Mexican odonate species described? An assessment of species richness

and distribution of collecting sites



23

Are all Mexican odonate species described? An assessment of species richness and

distribution of collecting sites

K. Cuevas-Yafez', J. C. Espinosa-Rivera?, & A. P. Martinez-Falcén?® A. Cordoba-Aguilar”

'Departamento de Ecologia Evolutiva, Instituto de Ecologia, Universidad Nacional
Auténoma de México, Apdo. Postal 70-275, Ciudad Universitaria, 04510, Mexico, D.F,,

Mexico

2Facultad de Estudios Superiores Iztacala, Av. De Los Barrios 1, Los Reyes Iztacala, Apdo.

Postal 54090 Tlalnepantla, Estado de México, Mexico

3Instituto de Ecologia A.C., Red de Interacciones Multitroficas, Carretera Antigua a

Coatepec 351, El Haya, Xalapa, Veracruz 91070, Mexico

* Corresponding author: acordoba@iecologia.unam.mx



mailto:acordoba@iecologia.unam.mx

24

ABSTRACT

With the aim of protecting Mexican diversity, one current governmental task is to complete
national biological inventories. For the case of odonate insects, several researchers have
hypothesized that species richness is complete but there has not been any formal exercise
to see if this is the case. Here we have investigated: a) if there is a correlation between the
total of active taxonomist and species discovered in Mexico; and, b) how good distribution
data are in the country. We found there is a correlation between active taxonomist and
species recorded. The Mexican odonate records shown an aggregate pattern. However,
species' distribution data are highly heterogeneous. We encourage researchers to continue
odonate sampling at least to support three conservation actions: 1) conservation
assessment of endangered species; 2) knowledge of range shifts given rising global
temperatures; and 3) increase public interest and awareness in protected, touristic areas.

Key words: Odonata, Mexico, richness, rarefaction, distribution
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INTRODUCTION

One current challenge embraced by the government of Mexico is to complete its national
biological inventories (CONABIO, 2000; Escobar et al 2009), which is key for conservation
and sustainability actions within the country (Dirzo & Raven, 1994). This challenge has
been somehow reached for several taxa, for example mammals (Ceballos, 2007). However,
insect taxa have remained poorly known which is largely explained by the reduced number
of insect specialists that work in a relatively huge area. This task makes sense if one
considers that although the country concentrates between 10-15% of terrestrial species in
just 1.3 % of the world's continental surface (Mittermeir & Goettsch, 1992), there are no
more than 200 Mexican taxonomy specialists with possibly a dozen working with insects
(Llorente-Bousquets et al, 2008).

A recurrent problem in studies of biodiversity is to know whether the number of
species for area is complete. In relation to the Mexican biodiversity, such uncertainty
applies for a number of taxa (Escobar et al 2009). For the case of odonates (damselflies
and dragonflies), scientists have wondered whether the checklist of 357 species (Gonzalez-
Soriano & Novelo-Gutiérrez, 2014) that have been described within Mexican territory is
complete and an interesting question also may be know where sites contains more species
and where the investigators should lead the efforts.

Odonate collection in Mexico was slow from 1750 until 1850 and then became
steadily intense from 1850 until 2000 (see Gonzalez-Soriano & Novelo-Gutiérrez, 2007,
2014). Since 2000 to date, description of new species slowed down and rendered
approximately 15 species, this is, one species per year (Gonzalez-Soriano & Novelo-
Gutiérrez, 2014). 357 species is considered a relatively high biodiversity estimate as it
accounts for 5.9 % of the odonate species known worldwide (approximately 5,800 species;
Kalkman et al, 2008; Schorr & Paulson, 2012).

However, whether the deceleration in odonate species description implies that we
are close to known all Mexican species is unclear, especially given that collecting activities
have not been homogeneous for all over the country, pattern observed in other
arthropods groups (Escobar et al 2009). In relation to the latter, there are striking
differences in the number of species occurring among the different states recognized in
Mexico, and whose main explanation seems a difference in collecting effort among

ecoregions rather than biotic or abiotic, state-based conditions (Gonzalez-Soriano &
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Novelo-Gutiérrez, 2014). Therefore, in this paper we have investigated a) if the number of
taxonomists are relevant in the number of species discovered and which are the
ecoregions with most Odonata records and species, b) if the distribution of geographical
records presents any geographical pattern and, b) how much homogeneously the Mexican
territory has been collected gathering and mapping all historical collecting points. The
emphasis of they show different trends but to discuss the value of each in some
conservation strategies. The results of these two aims allow us to discuss briefly their

implications for Mexican conservation political strategies.

MATERIAL AND METHODS
We built a database with all odonate species described for the Mexican territory per
decade from 1898 until 2014 using scientific papers, and dissertation theses. We review
and depured the database, the concordance between locality and geographic coordinate
was regarded, the valid name and the species as recorded in Mexico previously according
to Schorr & Paulson (2015). We corroborated valid names of Odonata species and
eliminated synonyms based on Garrison & von Ellendierer (2014). The database included
species name, description year, locality, type locality and author. This list rendered a total
of 357 species. The taxonomist work is crucial to find more species. We calculate a
correlation between number of active taxonomist and species described for decade, since
1898 to 2014. Our hypothesis is the more taxonomist are active, the more species are
described.

To map the distribution of odonate collected in Mexico, we gathered all collecting
site data and coordinates from the main electronic databases (CONABIO, 2015; GBIF, 2015)
as well as from published papers. In many cases, these data were georeferenced. All
geographic records were visualized in ARC GIS v.9.3. To assess the geographical records
coverage for Mexican Ecoregions, we used the Mexican Land Ecoregions layer from
CONABIO (CONABIO 2007) and all records in each ecoregion were counted. After, in order
to know the distributional pattern of geographical localities were distributed in a random
pattern, we obtained the localities from geographical records, (1691 single localities) and
calculated the average nearest neighbor for each locality. This analysis consider the
neighbor ratio as the observed mean Euclidean distance between each locality and its

nearest neighbor, divided by the expected mean for the localities given in a random
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pattern. Also, we evaluated the closeness average to each locality to the nearest highway

and water body. The analysis was made in ARC GIS 9.3.

RESULTS

We obtained 8787 records from 357 species. We found a positive correlation between
number of active taxonomist and species described (n= 11; =0.76; p<0.01). As it is shown
in the Fig. 1, there is a peak in number in species described, during 2000-2010 decade; the

period of mayor taxonomist activity was in 1900-2000 decades.

We found that more than 38% of records are distributed in Tropical Humid Forest
and about 28% of the records are in Tropical Dry Forest, together account more than 50%
of the total records reported in Mexico. A fewer records are located in the Great Plains and
Mediterranean California, both add 1% of total records (Table. 1, Fig. 2). Howewer, the
localities shown an agregated pattern, then the distribution of them was not random (Fig.
2). (Nearest neighbor ratio=0.3331; Z score=-52.58, critical value=-2.58, p<0.01). The
average closeness to waterbodies was 16.81 km (D.E.=8.89) and to highways was 10.83 km
(D.E.=8.89).
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Figure 1. Graphic representation of active taxonomist and species number discovered in

Mexico for decade.

Table 1. Geografical records in Ecoregions in Mexico

Ecoregion

No. geographical
records

Selvas Calido-Humedas (Tropical Humid Forest)

Selvas Calido-Secas (Tropical Dry forest)

Sierras Templadas (Mountain Range Template Forest)

Elevaciones Semiaridas Meridionales (Meridional Semirarid Elevations)
Desiertos de América del Norte (North American Deserts)

California Mediterranea (Mediterranean California)

Grandes Planicies (Great Plains)

3367
2458
1897
598
360
60
47
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|:| California Mediterranea
|:| Desiertos de America del Norte
- Elevaciones Semiaridas Meridionales
|:| Grandes Planicies

- Selvas Calido-Humedas

|:| Selvas Calido-Secas

- Sierras Templadas

Figure 2. Collecting sites of Mexican Odonata species in the Land Ecoregions (see Table 1).
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DISCUSSION

Our results indicate that exist a correlation between active taxonomist and species
described. It is not surprising when more taxonomist are active, increases the taxonomic
work in a country, and hence the species discovered. The importance of inventories in new
areas or in areas where it is suspected there is a high species richness is crucial to improve
the knowledge about national biodiversity, and the taxonomic work is an essential aspect
to achieve it. However there are others aspects may affect the discovery or detection of
new species or species records. The area (ecoregion) where the investigations was made
(for example, if is a forest or desert) since it is more likely to find more species in a tropical
forest (Clausnitzer et al. 2009). The unknown distributions of species, or if previously were
found other endemic species. Of course, there is always the argument that still some
species may be missing which is possibly true but such new species will be a handful at
best. (CONABIO, 2000).

Our results have also shed light of a poor distribution data in different ecoregions:
(1) the Great Plains, (2) Mediterranean California, and (3) North American Deserts. The
most species richness in Odonata are in Tropical Forest (Clausnitzer et al. 2009), therefore,
is not surprising these ecoregions exhibit most dragonflies records due to mentioned
above. Also, Odonata records in the country had an aggregate pattern. This may indicate
the odonates prefer sites with distinctive characteristics, for example, climate, or
vegetation, or may facilitate the reproductive activities, or the dispersion ability is limited

for some species (Corbet 1999) or may be necessary more sample efforts in these areas.

Notice that despite the fact that some occurrences have been described for North
American Deserts and Great Plains Ecoregions (central and coast Sonora; the Mexican side
of the USA-Mexican in the states of Chihuahua, Coahuila, Nuevo Ledn and Tamaulipas); in
most Tamaulipas and Campeche (Tropical Humid Forest Ecoregion), data in these
ecoregions were not available and we do know if exist some studies in these areas. Such a
lack of distribution data contrasts with that of other regions such as the Tropical Humid
and Dry Forest where sampling has been more intense, and whose inventories have
actually documented an observed relatively high odonate diversity (Gonzalez-Soriano &

Novelo-Gutiérrez, 2014), or possibly correspond to a particular investigators interests, or
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the proximity to cities or roads. Moreover, we envisage three conservation-based
advantages to continue odonate sampling. One first advantage is it allows carrying out
conservation assessments of species facing some degree of threat and/or that are
endemic. These assessments are based on the distribution data (i.e. Feria et al, 2009)
which, unfortunately, are not robust for the majority of Mexican odonate species (all
authors’ unpub. data) and one recent example illustrates this. A conservation assessment
of the three damselfly species of Paraphlebia that occur in Eastern Mexico indicated a huge
lack of distribution records that precluded constructing species distribution models for one
species (Cuevas-Yanez et al, in press). This lack of distribution data also applies to other
Mexican odonate species (Gonzalez-Soriano & Novelo-Gutiérrez, 2014) described by the
IUCN Red List as endangered: Phyllogomphoides indicatrix, Progomphus amarillus,
Heteragrion azulum, Lestes simplex and Palaemnema paulitoyaca (JUCN, 2015). Although
these species are endangered, implying that few records are available (as generally occurs
for invertebrates; Cardoso et al, 2011), shortage of distribution data even applies to
common odonate species (all authors’ unpub. data). A second advantage is to predict
species' range shifts given rising global temperatures. In regards to this, it is known that
odonates have been shifting their distribution range polewards (e.g. Hickling et a/, 2005).
Finding or predicting such shifts again suppose having firm distribution data which is not

the case for Mexico.

Finally, a third advantage of increasing collecting efforts is that, at the local scale,
knowledge of odonate richness has sometimes worked to increase the value of particular
sites. This is the case of botanical gardens (e.g. El Charco del Ingenio, 2015) and protected
areas (e.g. Lot & Cano-Santana, 2009) that have tended to publish their odonate lists and
encouraged visitors to identify odonate species by visual means. These places sometimes
use the argument of having endemic species, to imply how important such areas for
biodiversity. The fact that adult odonates are highly aesthetic and relatively easy to find,
make them comparable to birds to some extent. On the other hand, it is known that such
activities increase public interest and awareness of natural heritage (i.e. Lemelin, 2010). If
these protected areas have better knowledge of their odonates, they can exploit this

information, indirectly protecting their odonates.
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Odonata species richness, land use, tree cover and human footprint in Mexico
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ABSTRACT

Odonata species richness and geographic records was evaluated in 13 land uses entities in
Mexico. Also, we evaluated the relationship between species richness and tree cover
percentage and human footprint percentage. Our result showed both Odonata species and
geographical records are more abundant in forest and agricultural areas, and decreased in
areas without vegetation. There was a slight positive relationship between species richness
and tree cover; and a slight quadratic relationship with human footprint was observed. Our
results suggest forest is a primary source of Odonata species and agricultural areas are
also an important reservoir of Odonata diversity. Odonata richness is greater in sites with
more tree cover, which is related with our find that forests possess the more species
richness. Odonata species richness is greater in areas with middle human footprint index,
possibly by the accessibility to dragonfly habitat or sites with intermediate human

perturbation are more heterogeneous and propitiate the establishment of more species.

Key words: Dragonfly, land use, human footprint, species richness, Mexico, forest.
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INTRODUCTION

Biodiversity faces enormous pressures mainly by human actions including habitat
degradation, land use change, pollution, habitat fragmentation, climate change or human
resource exploitation (Newbold et al. 2015). Such increased pressures have been observed
in the tropics, although their effects are not so well documented nor understood (Bateman
et al. 2015; Specht et al. 2015). Three factors are relevant in land use areas: agricultural
zones, deforestation (forest prevalence, tree cover) and human alteration (human
footprint) (Meyer y Turner 1992). For example, the human footprint is heterogeneous, and
has depended on geographical physiography, historic human settlements, technology use,

and demographic explosion (Gonzalez-Abraham et al. 2015).

Land use areas have been modified intensively c.a. 1500 years, thereby species
richness has declines to a large extent (Newbold et al. 2015). For the case of Mexico, has
experienced large land use changes (Mas et al. 2002; Robson and Barkes 2011; Gonzalez-
Abraham et al. 2015). On top of this, forest loss due to its conversion into agricultural areas
has dramatically increased in the last 20 years (Hansen et al. 2013). Per capita forest area
has decreased by almost a third by 2000 based on the interpretation of photographs or
satellite images, and changes in land use have been documented since 1980 (Mas et al.
2002; Velazquez et al. 2002).

It is known that, in general, changes in forest cover negatively affect ecosystem
services (Ferraro et al. 2011; Alix-Garcia et al. 2012), including species richness (Hansen et
al. 2013). Recently some studies have shown species insects are more abundant in tropical
zones as long as these zones are not disturbed (urban areas, agricultural areas and
pastoral areas) (Ballesteros-Mejia et al. 2013; Becerra 2015). Furthermore, species richness
in agricultural areas decreases with the prevalence of cultivated species, more intensive
management and short cultivated cycles (Scalens and Mardens 2008). Both deforestation
and human land use have negative effects in biodiversity in many taxa (Brown 1997;
Schuzle et al. 2004; Barragan et al. 2011; Vidal et al. 2013).

Odonate (dragonflies, damselflies) species richness is greater in lotic waters on
preserved tropical forest areas (Clausnitzer et al. 2009) and to a less extent in forest areas

in agricultural areas (Sahlén 1999). Indeed, cultivated areas have effects on richness and
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species composition, and in urban or areas with some degree of human alteration. It has
been seen that in places where roads are built and plant cover is removed, whereby water
bodies are close to an urban area, odonate species richness decreases. For example, on the
Pacific Coast of Costa Rica, Hofnansl and Schneaweihs et al (2015) found that buffer zones
of forest and cultivated areas contribute similarly in species richness which is not the case
for species composition. It has also been seen that habitat changes affect populations of
dragonflies very quickly and dramatically (Harabis and Dolny 2011). Related to this, Junior
et al. (2015) observed that urbanization causes changes in the species composition of
dragonflies and richness: the suborder Anisoptera was more abundant at sites with more
human disturbance than Zygoptera.

The odonate assemblages may vary, depending on habitat quality physical
structure (Junior et al. 2015). However, describing the factors than contribute to the
variation in a quantitative form is not an easy task. Several studies have been proposed to
assess such factors, for example, channel width, quality or quantity of vegetation
surrounding the water bodies, physical and chemical water components, pollution
presence, or distance to cattle areas or agricultural (Findlay and Houlohan 1997; Honkanen
et al. 2010; de Marco et al, 2015; Koparde et al. 2015). Nevertheless, there exists an
information shortage in the influence of such factors and their interaction with land use
and human influence on odonate biodiversity in Mexico.

In this study we analyzed the species and their incidence of geographical records
according to land uses reported in Mexico from 2000 to 2014 years. We explored, at a
broad scale, the relationship between tree cover and human footprint on dragonfly

richness and the completeness of inventories, as measures of species richness.

MATERIALS AND METHODS
Odonate species and land use

We searched for dragonfly species records (adults or larvae) in Mexico, from 2000 to 2014
using CONABIO (Comisidn Nacional para el uso y Conocimiento de la Biodiversidad,
Mexican government) databases and literature such as published papers and unpublished

data. Geographical records were depurated and georeferenced, if they lacked this
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reference (notice that one geographical species record consists of only one species, but
one geographical coordinate may contain more than one species). We considered
presence-absence species data as we did not take account the total species records
abundance for each species in one geographical coordinate. Dragonfly species records
were count (even if there were several for the same species) in al land use entities (see
Table 1) as referred by the Mexican Land Use and Vegetation map, series V (Layer Union)
(INEGI 2011). In each land use entity, we counted all species (species presence) and all

geographic records (records presence).

Tree cover and human influence index

For this analysis, we made a grid of 15 x 15 km approximately for each pixel size. Each pixel
with at least one species was considered. We counted all dragonfly species that fell inside
each pixel. The total species number per pixel was considered as a measure of species
richness (herein, SOBS). Also, we calculated the Chao2 Index (see Chao 1987 for more
details. The index considerate the singletons and doubletons), as an inventory effort of
species measure for each pixel (CHAQO2). Both calculations (SOBS and CHAO2) were made
with DIVA-GIS v.7.5 (Hymans et al. 2002). To assess the relationship between odonate
species richness with tree cover presence and the degree of human influence, we obtained
the tree coverage layer according to Global Forest Change (available in:
https://earthenginepartners.appspot.com/science-2013-global-forest) (Hansel et al. 2013).
Trees (forest) were defined as vegetation taller than 5 meters, and we used the series 2000
percent tree cover (Hansen et al. 2013 for more metadata). Human influence (human
footprint) was evaluated according to the layer of Global Human Footprint from
Socioeconomic Data and Applications Center (SEDAC) which is the human influence index
(HI). HII provides an updated view of anthropogenic environmental impact, considering
human population density, human land and infrastructure, and human access (roads,
railroads, navigable rivers or coastlines) (available in:
http://sedac.ciesin.columbia.edu/data/set/wildareas-v2-human-footprint-geographic)

(WCS, CIESIN 2005, see for more metadata). In each grid pixel, we calculated the average
value of tree cover percentage (AVGTC) and the human influence index (AVGHII) with the
ArcMap extension of the ArcGIS v.9.3 (ESRI 2008). The average values of AVGTC and
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AVGHII were regressed between the SOBS and CHAO2 respectively. We run several
analysis for search the best curve fit in the model regression (linear or quadratic). Analyses

were made in Minitab v.17 software (Minitab Inc. 2013).
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Table 1. Land use entities taken from land use and vegetation map (Series V, INEGI 2011)

and number of Odonata species found between 2000 and 2014.

. Odonata  Odonata
Land use or vegetation .. . .
Entity Description species species
richness records
AGRICULTURAL Rainfed and irrigation 196 1282
agriculture
AGRICULTURAL- Rainfed agriculture 61 95
GRASSLAND predominance, cultivated or
induced grass in less
proportion
AGRICULTURAL- Rainfed agriculture, secondary 96 181
RAINFOREST vegetation of low, medium or
high tropical forest
AREA WITHOUT Without apparent vegetation 1 1
VEGETATION cover
URBAN AREA Cities, towns or urban sprawls 129 315
FOREST/RAINFOREST Pine, oak-pine, oyamel, or 288 1326
cloud forest/low, medium or
high tropical forest
WATERBODY Maritime, or internal perennial 31 42
water body
SCRUB Microphyte desert, 93 247
rosetophilous, crassicaule,
subtropical, thorn scrub,
OTHER VEGETATION Mangrove, mesquite, 42 52
halophytic vegetation
GRASSLAND Cultivated or induced (or 106 256
natural) grass
GRASSLAND- Cultivated or induced grass, 30 33
AGRICULTURAL rainfed agriculture
GRASSLAND- Cultivated or induced grass, 25 29
RAINFOREST secondary vegetation of low,
medium or high tropical forest
RAINFOREST- Secondary vegetation of low, 56 58
AGRICULTURAL medium or high tropical
forest, rainfed agriculture
RAINFOREST- Secondary vegetation of low, 75 154
GRASSLAND medium or high tropical

forest, induced or cultivated
grass




43

RESULTS

We found 4071 records from 275 odonate species. Species richness and records were
mainly in forest/rainforest and agricultural areas and those species records represented
more than 60 percent of the total (approximately 30 percent of the species records in
forest/rainforest and the same in agricultural areas). Forest in general encompasses 23.4%
of the total richness, followed by agriculture areas with 15.9% of the whole species total,
and urban areas (10.5%). Our results suggest dragonflies’ species and records are scarce in
areas without vegetation and with grassland-rainforest land uses (Table 1, Fig 1).
Dragonflies collected in urban areas represent the 7.7% of the records and 10.5% of
species richness, which suggests that the urban areas occupy the third place in richness.
Desert areas (scrub areas) contributed with 7.6% of the species richness (6.1% of the
records). We found a significant correlation between odonate records and species richness
per land use (Pearson correlation coefficient=0.987, p<0.01). The highest SOBS and
CHAOQO?2 values were found mostly in pixels located in Michoacan, Nayarit, San Luis Potost
and Veracruz states, while the lowest values were found in Sonora, Chihuahua, Coahuila

and Zacatecas states with only one species per pixel (Fig. 3).
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Fig. 1. Odonata species richness by land use and vegetation (black bars) and geographical

records (gray bars) in the Mexican territory.
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-
ik

Fig. 3. Observed dragonfly species (SOBS) in a 15 x 15 km (approximately) pixel size in the
Mexican territory. Green pixels indicate from 1 to 23 species, yellow pixels indicate 21-26

species, orange pixels indicate 27-40 species, and red pixels indicate 40-65 species.

We found a poor positive linear relation between SOBS and AVGTC (n=406, linear R?=0.05,
p<0.005). CHAO2 showed a similar tendency (n=406, R?=0.0139, p=0.017). (Fig 4 a and b).
The regression model with the best fit was quadratic for both SOBS and CHAO2 versus
AVGHII (n=406, quadratic R?=0.0437, p=0.001, SOBS; n=406, quadratic R?=0.0139, p<0.05)

(Fig 5 a and b).
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Fig. 4. Scatterplots showing the observed species (SOBS) (a), Chao 2 (CHAO2) (b) and tree

cover average (AVGTC) for each pixel analyzed and their regression line.
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Fig. 5. Scatterplot showing the observed species (SOBS) (a), Chao 2 (CHAO2) (b) and

human influence index (AVGHII) for each pixel analyzed and their regression line.
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DISCUSSION

Our results suggests that odonates in Mexico can be seen in sites presumably forested or
that they are more likely to occur in areas with an intermediate human footprint.
Vegetation coverage, especially riparian one, is an essential landscape component for the
odonate life cycle (Samways and Steytler 1996, Remsburg et al. 2009), which can be
present in forest areas or agricultural water bodies. However, not completely forested
areas only represents 6% of the records, likely indicating that these areas have been either
less explored by researchers (see chapter one in this thesis), or that odonates do not prefer
such places.

Our results also may suggest that agricultural areas are important reservoirs for
Odonata species, although would be interesting to know what kind of species habit
agricultural areas (endemic, restringed or wide distributed). In other countries, agricultural
areas have been found to be significant for odonate abundance. For example, in low land
Pacific Costa Rica, agricultural areas hold a higher species richness than forest areas albeit
species’ accumulation curves showed a larger species richness in forest margin habitats,
and the abundance in agricultural areas was also higher (Holfhansl and Schneeweihs 2008).
Despite the fact that agricultural areas have suffered anthropogenic influence, including
the partial or total removal of the original vegetation coverage, these areas hold a
considerably species richness. One possible hypothesis of odonate presence in cultivated
areas is they may tolerate water bodies with surrounding vegetation, even when the
original vegetation has been removed, or, well preserved patches are near to crops and
dragonflies moves from one to another as long as riparian vegetation do not removed
(Samways and Steytler 1996, Ruggiero et al. 2008). Unfortunately, our data do not allow to
support totally this hypothesis. Another hypothesis is that species with a wide tolerance to
disturbed environments (as some anisopterans species) can occupy cultivated places
(Junior et al. 2015). Grassland, areas (e.g. agricultural, rainforest) contained fewer records
and low species richness. This is possibly due to the lack of studies in such ecosystems or
that they are not as good for odonate establishment. Likewise, the faunal composition in
forest and agricultural is not the same and depends on the biogeographic region, climate
and disturbance conditions (Sahlen, 2006, Kalkman et al. 2008). For this reasons, odonates

have been used as indicators (Kutcher et al. 2014).
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Odonates in Mexico live mainly in lotic (running) freshwater bodies (Upson et al.
2007, Behrstock et al. 2007, Novelo-Gutiérrez and Gomez-Anaya 2009), (is important to
mention that water bodies are presents in all land use entities, although one of them has
title waterbodies) in forest areas or in agricultural areas, and their conservation status is
little known (Cuevas-Yafiez et al. 2015), therefore the investigations have been conducted
mainly in lotic waters. More studies are necessary to conclude the Mexican odonates
species richness tendency, and the factors that act at broader scales. For example,
Gonzalez-Soriano and Novelo-Gutiérrez (2014) mentioned that Michoacan, Nayarit, Sonora
and San Luis Potosi states recorded at least 100 odonate species, and particularly the
Huasteca region in San Luis Potosi is considered a hot spot for these insects (Gonzalez-
Soriano et al, 2011), and in this study, our results provide partial support to this idea.

A slight positive relationship between forest cover and dragonfly species richness
(SOBS) and inventory completeness (CHAO2), was observed. The results suggests there are
other factors that may affect the species observed and distributions in Mexican odonates,
even though we regard the variables used are also important if the odonate inventory was
more complete. Climate is a main factor that affect species distributions in odonates and
many organisms (Collins et al. 2015), which was not assessed in this study. In addition, little
information exists about tree cover and dragonfly richness in tropical areas. Clausnitzer et
al (2009) highlighted that the highest odonate richness are in running waters in tropical
forests. Particularly, the neotropical forest region has highly complex habitats that result
from a combination of humidity, solar radiation, vegetation composition, predator and
prey presence and wind currents. Also, forest complexity provides shelter at night, or
places to safely secure against adverse weather conditions (e.g. rain or strong wind) or
predation for odonates. If farm sites are near forest, the latter can function as a refuge or
buffer that allows establishment of odonate species (Paulson 2006). Although it is true that
the tree shadows areas have negative effects on the presence of odonates (Remsburg et al.
2009), forest cover still plays an important role in almost every part of the life cycle of the
average odonate.

In Japan more than the half of Odonate species depends on the forest which has a
positive effect on the preservation of most species, although a broad-scale climate
explains species distribution (Tsubaki and Tsuji 2006). To this extent, this study contributes
to knowledge on a broad scale to where the highest species richness is present.

Nevertheless, the knowledge about the conservation status of odonate populations in
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Mexico is scarce, and actually there are no species conservation assessments (for an
exception see Cuevas-Yafiez et al. 2015) nor trustable lists of species in danger for which
such assessments can be directed.

Our analysis showed a poor quadratic relationship between human influence and
SOBS and CHAOQO2 variables. It may be interesting to explore the effects of variables
separately, for example, the closeness to cities, roads, or population density to determine if
these variables have a real effect in odonata richness. However, nonlinear regressions (in
our case, where most observations fit a normal distribution) are less frequently observed in
other taxa except dragonflies (Hernandez et al. 2006). Both human activities and their
influence on odonate populations have been documented in lentic (standing) waters in
template zones (Findlay and Houlohan 1997; Hamasaki et al. 2009; Raebel et al 2012 a and
b; Hall et al, 2015), but only a few in tropical zones and lotic systems.

Anthropogenic disturbance as, for example, road construction, may have significant
effects on wetlands biodiversity (Findlay and Houlohan 1997). In this analysis, the highest
richness was found in sites with an intermediate human footprint. This tendency has been
also observed in odonates of the Amazon basin (Junior et al. 2015). Stewart and Samways
(1998) also noticed that high dragonfly species richness fits occurs in streams with
moderate disturbance, although the species that live in such places are not endangered or
threatened. This may be explained by a high metapopulation succession dynamics in sites
altered by anthropogenic factors or that such high dynamics are weighted by less complex
adaptations in habitat selection or may function as last refuges for species survival
(Harabis and Dolni 2011). Another explanation more probable is that collections and
samplings may be based by the collectors’ preferences for places close to urban areas (e.g.
aquatic places close to roads) to avoid the challenge implied by areas of difficult access.

We also had to consider that other factors may influence the distribution of
odonate in the country. One factor crucial for odonates is the climate, as mentioned above,
specially the temperature and precipitation (Collins et al,, 2015). This factor, the climate,
may be the first force in affect the distributions of dragonflies (Collins et al.,, 2015) at the
scales used in this studio, and possibly, the tree cover or human footprint are not so
leading the relationship with the richness; however, we observed that they have and
interesting role in species richness.

It is important to consider some possible biases in this odonate assessment. First,

the time span considered the investigation only encompasses records from 2000 to 2014
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so that we had to exclude older records so that land use data had a better contribution to
a more realistic relationship between species and land use. Therefore, there exists lacks in
recent information for many areas where occurring species that are not so well known, for
example Veracruz, Oaxaca or Chiapas (Gonzalez-Soriano and Novelo-Gutiérrez 1996). Most
of records are before 1990 (Cuevas-Yafez, personal observation). Location of odonate
surveys may be restricted by a number of factors including economical, logistic or even
personal biases. However these factors, we consider our results are very significant and

may reflect the current tendency related of Mexican odonates.
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DISCUSION GENERAL Y CONCLUSIONES

En este estudio, los resultados mostraron datos interesantes sobre la relacién entre
taxdnomos activos y las especies descubiertas, la riqueza de especies con el uso de suelo y
la distribucién geografica del género Paraphlebia que estad incluido en la Lista Roja de
Especies de la UICN. En mi primer capitulo, muestro cémo la distribucidén estimada podria
abarcar también areas modificadas por acciones humanas, ya sea por transformacién de la
vegetacion original a zonas agricolas, de pastoreo o urbanas. Se podria sugerir para el
caso de Paraphlebia que las zonas agricolas cercanas a zonas forestales podrian contribuir
a mantener las poblaciones, por ejemplo, aquellos cultivos que retienen parte de la
vegetacion original, como los cafetales de sombra, en donde efectivamente se observaron
poblaciones de Paraphlebia zoe. Dados los resultados obtenidos, se someterd a
consideracién el nuevo estatus de las dos especies evaluadas (P. zoe y P quinta) a la Lista
Roja de especies de la UICN. Ademas, las distribuciones proyectadas hacia el futuro
muestran que P. zoe disminuiria considerablemente su rango de distribucion, situacion
que podria ponerla en un riesgo mayor por lo que cambiaria su estatus en dicha lista.

En el segundo capitulo se observd que los registros de libélulas en el pais muestran
un patron agregado y que el descubrimiento de nuevas especies podria estar relacionado
con el numero de taxénomos activos; también se detectaron diferencias en la intensidad
de los registros geograficos por ecorregién. Aunque el nimero de especies nuevas
efectivamente pudiera ser reducido, el conocimiento de especies a nivel regional podria
incrementarse. Estos analisis permitieron visualizar hacia déonde deben dirigirse los
esfuerzos de colecta de especies, que en este caso, se sugiere sean en zonas poco O no
exploradas, para tener un panorama mas completa de la fauna de odonatos de México.
Esta informacion es de gran valor para realizar analisis biogeograficos, ademas, son la base
para determinar patrones de distribucion y permiten localizar sitios potenciales de alta
riqueza para posteriormente proponerlos como areas de conservacion, considerando
también las distribucion de las especies endémicas (Golubou et al. 2007).

Conocer la riqueza e identidad de las especies (por ejemplo, donde se encuentran
las especies con distribucidn restringida o endémicas) contribuye a priorizar sitios de
conservacion (Fleishman et al. 2007). En este respecto, se ha mencionado que los odonatos

se encuentran principalmente en cuerpos de agua loticos en regiones boscosas tropicales
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(Clausnitzer el al. 2009). Relacionado con mi tercer capitulo y como vinculo con el
segundo, detecté que las areas boscosas y agricolas posiblemente alberguen mayor
riqueza de especies y de registros geograficos de odonatos en el pats. Estos sitios podrian
actuar como refugios y a la vez fuente de recursos para los odonatos (Paulson 2006;
Sahlén 2006); sin embargo, la alta presencia de especies en zonas agricolas sugiere que
éstos podrian ser reservorios interesantes de muchas especies de libélulas a nivel
nacional, como se ha visto en otros sitios (Holfhansl and Schneeweihs 2008). Asimismo, es
probable que las areas boscosas funcionen como refugios de odonatos (Sahlén 2006).

Las actividades humanas pueden tener efectos negativos en la diversidad de
especies silvestres (Newbold et al. 2015). Sin embargo, los resultados de mi trabajo
muestran que existen sitios con indices de huella humana intermedia que estan
relaclonados con mayor riqueza de odonatos (Samways y Steytler 1996; Steward vy
Samways 1998). Lo anterior podria deberse a que los lugares cercanos a las zonas urbanas
pueden ser mas accesibles a los investigadores, por lo que histéricamente han sido mas
visitados y por ende existe mayor registro de estas especies (ver Escobar et al. 2009). Por
otro lado, sitios con perturbacion intermedia pueden tener una mayor diversidad de
microhabitats lo que permitiria una ocupacién de diferentes especies en cada uno de ellos
(Stewart y Samways 1998). Si bien estas relaciones no fueron contundentes, es posible que
si tengan un efecto, aunque menor de lo esperado.

En los dos ultimos capitulos se evaluaron los sitios menos colectados y como el uso
de suelo podria impactar a los odonatos. Para el primer capitulo y con la intencion de
analizar algunas especies potencialmente en riesgo, hice el ejercicio de evaluar el estatus
de un grupo, las del género Paraphlebia. Hay que subrayar que el estatus de conservacion
de los odonatos en México es practicamente nulo, por lo que mi tesis en este sentido
provee un primer acercamiento al tema. Ya Gonzalez-Soriano y Novelo-Gutiérrez (2014)
mencionaron varias especies candidatas a ser evaluadas, principalmente aquellas con
distribucidn geografica restringida. En el caso del género Paraphlebia, un grupo cuyo
rango de distribucion abarca la region del Golfo de México y la Sierra Madre Oriental, el
area de distribuciéon potencial que estimé mostré que dos de las tres especies que habitan
en México estarian en categorias de riesgo (P. zoey P. hyalina) y una con datos deficientes
segun la Lista Roja de especies de la UICN (en espera de mas estudios y de busqueda de
mas poblaciones). No creo que tales estatus sean excepcionales, sino mas bien reflejan la

situacién que enfrentan muchas especies de libélulas en el pais. Nuevamente se observa
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que las zonas boscosas son importantes sitios que albergan especies de Odonata
(Clausnitzer et al. 2009)

México goza de buena reputacion en términos del conocimiento taxonémico de su
odonatofauna (Gonzalez-Soriano y Novelo-Gutiérrez 2014). Sin embargo, es necesario
incrementar los esfuerzos por conocer los odonatos de varias regiones de México.
Desconocemos los patrones biogeograficos de muchos taxones de Odonata, el estado de
conservacion de muchas especies y de aquellas que podrian estar en riesgo de
desaparecer. A este respecto, mi tesis ofrece una primera perspectiva general del estado
del conocimiento nacional, y los posibles impactos de la actividad humana en la riqueza y
presencia de odonatos. Ello, aunado a la evaluacion del género Paraphlebia, muestra un
panorama preocupante para los odonatos en México. Sin embargo, mis hallazgos deberan
usarse como un primer esfuerzo para estudios futuros que se enfoquen en algunos de los
siguientes objetivos: a) avanzar en el conocimiento regional de la riqueza y presencia de
odonatos en zonas histéricamente pobres en registros; b) estudios experimentales que
pongan a prueba directamente cémo el cambio en el uso de suelo impactara la riqueza de
odonatos; y, ¢) una evaluacion de otras especies de odonatos para el pais, sobretodo de
las que se sospecha algun grado de riesgo. Estos tres objetivos no son en absoluto triviales

ya que suponen un esfuerzo descomunal.
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