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Abstract: Assessing and categorizing habitat needs or population trends of organisms with complex life histo-
ries, such as Odonata, is challenging. All Odonata have aquatic nymphs and terrestrial adults. As a conse-
quence, their use as indicators of ecosystem health or as umbrella species in conservation plans may be mis-
leading if data from a particular life stage does not reflect actual residency at a freshwater site. We explored this
question with an extensive data set for Odonata from Oklahoma, USA, to determine if ecological niches modeled
from records of adults (i.e., lacking any evidence of breeding) differed from niches modeled for records indicating
breeding (tandem pairs, ovipositing females, larvae, teneral [recently emerged adults], or exuviae [shed exo-
skeletons of larvae]) at surveyed sites. We predicted that models would be comparable if adult presence strongly
indicates local breeding but would be dissimilar if adults occupy many more sites than those at which the species
breeds. Our results supported the latter prediction. Adult models were broader geographically and had a wider,
more equitable (higher evenness) balance of contributing environmental variables (niche dimensions) than did
models for breeders, which tended to be more ecologically specialized. These findings suggest that surveys of
adult Odonata, which are relatively easy to obtain because of organized efforts to encourage observations by
citizen scientists, can paint a misleadingly broad picture of a species’ ecological niche. We recommend that
evidence of breeding, especially presence of tenerals or exuviae, be used to outline ecological requirements when
questions of conservation or population monitoring arise.
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All else being equal, organisms with complex life histories,
such as amphibians or many taxonomic groups of aquatic
insects, will have broader ecological niches than organisms
with simpler life histories. In the case of the insect order
Odonata, the niche requirements of the nymphs, which are
wholly aquatic, differ from the niche requirements of the
adults, which are wholly terrestrial (Stoks and Córdoba-
Aguilar 2012), desiccation-resistant, and capable of long-
distance dispersal. Quantifying the difference in niches
when different life stages are considered poses a challenge.

For Odonata, such a question should be relatively easy
to answer given the development and widespread use of
ecological niche models (Peterson et al. 2011). The ques-
tion is difficult to answer in practical terms, however, be-
cause far fewer data exist for nymphs than for adults.
Moreover, >50% (sometimes as high as 95%) of nymphs do
not survive to emerge (Corbet 1999), which suggests dis-
parity between adult censuses and nymphal counts at a

site. Counts of exuviae, the shed exoskeletons of newly
emerged larvae, may provide the clearest evidence of suc-
cessful breeding (Raebel et al. 2010), but exuviae are cryptic
and do not exist long in the environment, rendering sur-
veys of them difficult (Aliberti Lubertazzi and Ginsberg
2009, Bried et al. 2012a). From the standpoint of conserva-
tion ecology, such as the role Odonata play in ecosystem
function or as indicator species (D’Amico et al. 2004, Foote
and Rice Hornung 2005, Oertli 2008, Silva et al. 2010,
Kutcher and Bried 2014), knowledge of where species at-
tempt to breed, not just where they forage or roost, is
critical. The question for Odonata—and for any other or-
ganismal group with a similarly complex life history—is
how much an estimated niche differs among life-history
stages.

An answer to this question has important ramifications
for inferences about species distributions and rarity and
for monitoring populations. If niches differ widely be-
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tween life-history stages, then inferences may depend on
the data set used. In the case of Odonata, the conspicu-
ous coloration and behavior of mature adults (especially
males) make them far easier to identify and census than
tenerals, exuviae, or nymphs, and observations of adult pres-
ence are more frequent and readily attainable than are ob-
servations of tandem pairs or oviposition. The ease of ob-
serving adults has led to extensive involvement of citizen
scientists in monitoring efforts. As a result, much of the
data used to monitor odonates is derived from observa-
tions of adults, probably most often adult males and may
be well suited to illuminate migratory behavior (e.g., Maz-
zacano 2014) but may be ill suited to judge whether dragon-
flies can be used as indicators of ecosystem health (e.g.,
Silva et al. 2010, Bush et al. 2013). We have just begun to ex-
plore if presence of adults alone provides the same infor-
mation as the presence of, e.g., breeding behavior (but see
Giugliano et al. 2012 and Bried et al. 2015).

We addressed this last point specifically. If the mere
presence of adults is a suitable indicator that breeding oc-
curs, then adults will be associated with habitat suitable
for recruitment; i.e., a predicted niche for adults ought to
correspond to a predicted niche for breeding. If, instead,
adults occur in substantially broader freshwater habitats
than just those used for breeding, then the predicted niche
for adults will be much broader, with a larger spatial extent
(map area) and a wider range of environmental correlates,
than the predicted niche for adults engaged in breeding.
We used a large data set that consisted of opportunistic
records to test whether observations of adults yielded sim-
ilar or dissimilar predicted ecological niches to observa-
tions of adults engaged in breeding behaviors (hereafter
referred to as “breeders”).

METHODS
Data set

We compiled a database of >35,000 georeferenced
odonate occurrence records across Oklahoma, USA. We
compiled these records, which date back to 1877, from
museum specimens, archived photographs, publications,
and field notes from entomologists. The data included
observations collected on 420 field days during our state-
wide surveys (Patten and Smith-Patten 2014), which re-
sulted in records for >134,000 individuals representing
142 of the 168 species recorded in the state. We also
noted all breeding activity (see below), yielding what is
likely to be the richest data set on breeding behavior for
any state in the USA. Use of opportunistic data is stan-
dard for development of niche models (see Chapter 5 of
Peterson et al. 2011), and such data have yielded results
similar to results based on data obtained in standardized
surveys (e.g., Moura et al. 2012).

We retained only point-specific data; i.e., we removed
all records with only a county centroid for geographical

coordinates. We removed duplicate localities for each
species. We created 2 data sets: one that contained only
records of adult presence (without evidence of breeding)
and another that contained records for which there was
evidence of breeding. We defined evidence of breeding
broadly so that it encompasses both attempted and suc-
cessful reproduction as presence of exuviae, teneral (re-
cently emerged) adults, larvae, ovipositing females, or tan-
dem pairs (i.e., a male and female in copula). We regarded
the last 2 classifications as valid only if aquatic habitat was
present (i.e., a female Sympetrum corruptum ovipositing
on a car hood, a phenomenon we observed several times,
was discounted). We refer to these data sets as ‘adults’ and
‘breeders’ (or ‘breeding’), respectively. In our paper, the
term ‘breeder’ is used not to distinguish which species
breed in Oklahoma—each of our study species breeds in
the state—but as an appellation for breeding activity. We
retained species with ≥20 records in the breeder data set
(n = 17 species of Zygoptera, n = 19 species of Anisoptera;
Table 1). Each species in the adult data set had >100 rec-
ords. Each of the locations for these 36 species had at least
one record from after 1970 (Patten and Smith-Patten 2014).
The 36 species were a mixture of primarily lentic, primarily
lotic, and nondiscriminatory species.

We established a 30-arc-second grid across Oklahoma
(i.e., slightly <1 km × 1 km). We used a suite of biotic and
abiotic variables measured in each grid cell including: an-
nual precipitation (mm); average minimum, maximum,
and mean temperature (°C); elevational range (m), Nor-
malized Difference Vegetation Index (NDVI), topographic
wetness index (TWI; Besnard et al. 2013), proportion of
lentic habitat, and linear extent of lotic habitat. The first
6 variables were obtained from Bioclim (http://worldclim
.org/bioclim) and clipped to the state of Oklahoma. Data
on lentic and lotic habitats were obtained from the Okla-
homa Water Resources Board and converted to raster
files.

Analyses
We modeled ecological niches for adult and breeder

data sets. Such models correlate biotic and abiotic factors
with species presence. We used the MaxEnt (Maximum
Entropy) algorithm (version 3.3.3k; http://www.cs.prince
ton.edu/∼schapire/maxent/) to generate models. Debate
about use of MaxEnt’s default settings has generated
conflicting suggestions on how to smooth data and ac-
count for overfitting (e.g., Anderson and Gonzalez 2011,
Elith et al. 2011, Merow et al. 2013, Radosavljevic and
Anderson 2014). In most cases the default settings bal-
anced species-specific tuning, reduced spatial autocorre-
lation and overfitting, and produced models with an
area under the curve (AUC) of the receiver operating char-
acteristic value considered potentially meaningful (AUC
≥ 0.75; Elith 2002), but we did experiment with various
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Table 1. Ecological niche models (MaxEnt) for presence of breeding Odonata species in Oklahoma, USA. We retained only those
species for which the mean area under the receiver operator curve (AUC) values were ≥ 0.75 (Elith 2002). Values of environmental
variables with the highest mean (n = 100 runs) % contribution to the model for each species are in boldface. For each species, 10% of
the total presence sample was run to evaluate the model. Test AUC = area under the curve for the receiver operating characteristic
for testing data (mean of 100 replicates), SD = standard deviation of AUC, precip = cumulative annual precipitation (mm), elevation =
elevational range (m), min T = average minimum temperature (°C), max T = average maximum temperature (°C), mean T = average
mean temperature (°C), NDVI = Normalized Difference Vegetation Index, TWI = topographical wetness index, lentic = proportion of
lake or pond habitat, lotic = linear extent (km) of river or stream habitat.

Species Test AUC SD Precip Min T Max T Mean T Elevation NDVI TWI Lentic Lotic

Zygoptera

Archilestes grandis 0.61 0.218 30.5 48.2 6.5 0.5 6.7 5.0 0.2 2.3 0.1

Lestes australis 0.72 0.150 24.0 7.7 0.0 11.8 4.8 3.3 1.3 27.7 19.5

Calopteryx maculata 0.64 0.175 8.7 3.2 3.8 6.3 0.4 0.7 12.4 8.1 56.4

Hetaerina americana 0.78 0.178 1.2 15.3 1.6 8.6 3.8 0.5 2.8 4.8 61.3

Argia apicalis 0.81 0.092 6.8 2.3 0.6 1.3 1.1 2.0 3.6 55.6 26.7

Argia fumipennis 0.58 0.187 9.7 11.6 0.2 8.1 8.3 13.2 26.1 8.9 13.9

Argia moesta 0.82 0.091 0.6 10.9 2.5 0.6 6.1 0.5 1.2 58.6 19.0

Argia nahuana 0.80 0.149 13.7 46.9 0.9 0.2 3.3 0.2 2.7 0.3 31.8

Argia plana 0.76 0.121 4.8 44.7 2.5 2.9 13.0 5.9 0.2 8.5 17.5

Argia sedula 0.85 0.109 9.9 6.3 2.3 1.0 3.1 3.5 0.3 8.5 65.1

Argia translata 0.79 0.243 26.4 20.9 0.1 1.7 11.8 3.1 4.1 6.1 25.8

Enallagma basidens 0.73 0.076 6.9 2.3 0.8 5.0 6.2 4.8 7.1 46.5 20.0

Enallagma civile 0.74 0.068 20.9 3.3 1.4 4.2 3.9 3.8 4.8 37.8 19.9

Enallagma exsulans 0.85 0.074 42.9 0.4 0.4 0.8 0.4 6.1 6.3 13.0 29.7

Enallagma signatum 0.78 0.086 12.8 6.8 0.7 7.3 0.3 4.5 1.8 62.2 3.5

Ischnura hastata 0.73 0.142 27.6 10.2 11.9 5.6 8.5 0.8 4.1 19.1 12.1

Ischnura posita 0.75 0.108 8.0 9.7 1.1 23.0 20.6 3.7 5.0 7.9 21.0

Anisoptera

Anax junius 0.70 0.101 6.3 1.6 2.9 3.5 1.0 3.2 0.7 71.9 8.9

Dromogomphus spoliatus 0.83 0.130 2.5 3.6 2.1 8.3 0.1 0.1 2.2 80.2 0.9

Erpetogomphus designatus 0.85 0.127 2.5 1.9 4.8 3.1 0.4 0.3 5.2 7.3 74.5

Gomphus militaris 0.76 0.140 5.1 1.4 7.1 2.4 3.8 0.6 1.8 51.7 26.3

Progomphus obscurus 0.83 0.099 13.0 8.7 9.1 0.6 0.2 0.0 4.9 0.6 62.9

Neurocordulia xanthosoma 0.82 0.261 2.3 2.7 0.8 0.0 26.2 4.8 1.4 27.6 34.2

Celithemis eponina 0.67 0.141 2.3 17.5 2.8 1.8 1.8 7.0 5.0 51.2 10.6

Dythemis fugax 0.80 0.151 5.7 4.7 0.0 25.0 19.6 0.8 3.9 38.2 2.0

Erythemis simplicicollis 0.76 0.089 7.7 2.1 7.7 6.7 2.8 2.2 0.8 47.9 22.0

Libellula incesta 0.76 0.153 20.2 0.9 1.0 4.4 0.1 6.3 0.4 64.0 2.8

Libellula luctuosa 0.74 0.085 23.2 4.6 2.4 6.3 1.1 8.2 0.5 33.4 20.2

Libellula pulchella 0.56 0.150 50.8 2.6 9.3 1.7 5.4 2.2 0.2 18.6 9.0

Pachydiplax longipennis 0.76 0.102 15.8 2.2 1.0 14.7 3.2 14.2 0.1 44.2 4.5

Pantala flavescens 0.76 0.156 9.4 0.2 1.0 0.4 9.9 1.2 0.8 41.0 36.1

Perithemis tenera 0.75 0.161 0.7 3.8 15.4 0.7 1.9 5.7 0.5 69.8 1.4

Plathemis lydia 0.67 0.178 9.5 23.4 0.0 1.6 0.7 4.2 0.1 44.8 15.7

Sympetrum corruptum 0.76 0.107 9.5 0.4 1.2 2.6 6.3 0.9 3.0 61.4 14.6

Tramea lacerata 0.67 0.120 6.5 1.2 1.0 7.1 1.1 3.9 0.3 72.8 6.1

Tramea onusta 0.72 0.179 10.2 8.9 0.1 0.1 0.5 0.6 0.8 71.3 7.5



parameter settings to accommodate species-specific tun-
ing and to reduce overfitting. Given disagreements on how
to adjust MaxEnt settings to produce the best results and
calls for further research into this matter (Radosavljevic
and Anderson 2014), we decided to rely primarily on de-
faults and to risk some overfitting (Appendix S1). Our adult
data set, which was larger, yielded good model fits with
MaxEnt’s default settings. We used 5000 maximum itera-
tions to ensure that the model had sufficient convergence
time so that it would not under- or overpredict niche rela-
tionships. We used median outputs for analyses. Our 3 mea-
sures of temperature were correlated (pairwise r > 0.70),
but correlated environmental variables do not pose a prob-
lem for MaxEnt (Elith et al. 2011), and our goal was to
capture as much variation in regional temperature as pos-
sible.

We ran breeder models for each species of Zygoptera
(n = 17) and Anisoptera (n = 19) with sufficient sample
size (≥20 unique localities) first because breeder sample
sizes always were smaller than adult sample sizes. We ran

models for adults only if we obtained models for breeders
with AUC ≥ 0.75 (Elith 2002). We compared resultant
estimated niches for the breeder vs adult data sets only if
both models had AUC > 0.75. We used the map algebra
spatial analysis tool in ArcGIS (version 10.2; Environmen-
tal Systems Research Institute, Redlands, California) to
produce difference maps between breeder and adult niche
models. We report raw % contribution for each environ-
mental variable, but we also made use of a standard fea-
ture in MaxEnt to examine randomly permuted presence
data to consider variation in these contributions. In this
feature, permuted data are used to reevaluate the model
and a % drop in that variable’s contribution (if any) is
provided. We used these % drops to adjust contributions
by subtracting the drop. In effect, this process was a sensi-
tivity analysis. We renormalized adjusted values for each
species to obtain % contributions. We compared spatial
extent of resultant models by means of a paired t-test
across species of the number of cells with suitable habitat
(Domisch et al. 2013), which we defined as any cell with a

Table 2. Ecological niche models (MaxEnt) for presence of adult Odonata species in Oklahoma, USA. For subsequent analyses, we
retained only those species for which mean area under the receiver operator curve (AUC) values were ≥0.75 (Elith 2002). Values of
environmental variables with the highest mean (n = 100 runs) % contribution to the model for each species are in boldface. For each
species, 10% of the total presence sample was run to evaluate the model. See Table 1 for headings.

Species Test AUC SD Precip Min T Max T Mean T Elevation NDVI TWI Lentic Lotic

Zygoptera

Hetaerina americana 0.79 0.051 12.7 5.0 1.6 5.8 3.2 1.7 9.1 6.5 54.4

Argia apicalis 0.76 0.043 4.4 5.9 3.3 3.0 3.2 0.8 6.7 36.8 35.9

Argia moesta 0.79 0.039 8.6 5.6 2.5 0.6 3.7 1.2 1.0 35.4 41.3

Argia nahuana 0.79 0.066 25.1 25.9 1.2 2.1 2.8 1.3 6.9 10.7 24.0

Argia plana 0.73 0.088 11.0 32.0 2.1 4.1 11.0 2.6 0.8 16.0 20.4

Argia sedula 0.79 0.045 13.3 6.6 2.6 11.8 2.0 1.8 6.7 16.0 39.3

Argia translata 0.85 0.056 49.6 9.8 3.9 1.4 11.8 3.1 4.1 6.1 25.8

Enallagma exsulans 0.80 0.047 30.9 4.0 0.7 1.0 8.9 7.5 2.2 6.9 37.9

Enallagma signatum 0.71 0.067 2.3 11.9 1.7 2.7 11.5 2.3 0.8 57.6 9.2

Ischnura posita 0.74 0.041 18.1 6.3 7.2 5.3 7.6 1.9 3.2 36.2 14.3

Anisoptera

Dromogomphus spoliatus 0.81 0.056 3.8 13.0 7.7 0.9 5.1 0.4 1.8 55.0 12.3

Erpetogomphus designatus 0.78 0.077 13.6 14.4 15.3 1.4 3.2 2.8 2.3 1.4 45.6

Gomphus militaris 0.74 0.055 13.7 23.8 4.1 4.4 3.0 1.6 3.0 33.1 13.3

Progomphus obscurus 0.80 0.058 8.1 28.7 1.6 7.2 8.1 2.8 5.1 8.3 30.1

Neurocordulia xanthosoma 0.81 0.103 34.8 2.9 8.6 2.6 8.9 0.8 1.1 5.3 35.0

Dythemis fugax 0.80 0.059 24.6 19.0 3.2 9.4 1.3 2.3 5.8 24.5 9.9

Erythemis simplicicollis 0.73 0.031 5.9 5.3 5.4 4.5 13.2 2.6 1.4 43.4 18.3

Libellula incesta 0.82 0.036 56.7 2.3 1.4 1.3 8.3 3.1 0.6 16.9 9.4

Pachydiplax longipennis 0.73 0.040 8.7 5.2 1.5 4.0 10.6 3.7 1.7 45.5 19.2

Pantala flavescens 0.72 0.059 7.1 0.5 2.7 3.1 3.2 3.1 3.9 51.8 24.6

Perithemis tenera 0.73 0.035 2.2 6.8 6.3 6.8 14.0 2.1 2.9 49.8 13.1

Sympetrum corruptum 0.73 0.050 18.7 2.4 0.7 0.6 6.6 2.3 5.0 40.1 23.5
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probability of species occurrence of p ≥ 0.50 (although the
exact value was not crucial because our focus was a com-
parison of adults to breeders rather than to elucidate a
species’ absolute niche space).

RESULTS
We obtained niche models with AUC > 0.75 for

breeders (i.e., unique localities) and adults for 7 Zygoptera
and 6 Anisoptera species (Tables 1, 2). This set included a
mix of strictly lotic species (e.g., Hetaerina americana,
Argia translata, Erpetogomphus designatus), principally
lentic species (e.g., Enallagma signatum, Dromogomphus
spoliatus), and species that occur commonly in both habi-
tat types (e.g., Argia moesta). The predicted ecological
niche was broader for adults than for breeders for each of
the 13 species (Figs 1A–C, 2). Overall, adult models had a
broader spatial extent than breeder models (paired t-test:
t12 = 3.44, p < 0.005). Adult models for individual spe-
cies were broader than breeder models in all but 2 cases
(A. translata and E. designatus). In general, environmen-
tal space differed between adults and breeders (Appen-
dix S2).

Climate variables contributed less to a species’ niche
model than did measures of lentic and lotic habitat
(Tables 1, 2), especially after adjusting % contributions
from the sensitivity analysis (Table 3). In contrast, neither
NDVI nor elevation ever was a top contributor to a niche
model, and TWI appeared only once in a model with
AUC < 0.75 (Table 1). Among climate variables, average
minimum temperature contributed most for a given spe-
cies (Table 1). Average maximum temperature never con-
tributed to a model, but average minimum temperature
and cumulative annual precipitation appeared more fre-
quently (Tables 1, 2). After adjustment in the sensitivity
analysis, temperature was never the top contributor and
precipitation was a top contributor in only 3 instances
(Table 3).

The principal environmental variable that contributed
to the breeder model differed from the principal variable
that contributed the adult model for 4 of the 13 species—
Enallagma exsulans, A. moesta, Libellula incesta, and
Dythemis fugax—(Tables 1, 2). For the remaining 9 spe-
cies, the principal environmental variable was the same in
breeder and adult models, but the % contribution was of
similar magnitude (difference < 12%) in only 2 species—
H. americana and Neurocordulia xanthosoma. Magnitude
changes in % contribution of the principal environmental
variable between breeder and adult models for the other
7 species were markedly higher and ranged from an 87.9%
increase for A. translata to 31.4–52.1% drops in for the
other 6 species. In most cases the magnitude of the % con-
tribution dropped from the breeder to the adult model
(Tables 1, 2), and the magnitude always dropped when %
contributions were adjusted (Table 3). Percent contribu-

tions across the suite of environmental variables were
more equitable for adults (mean Simpson’s D = 0.28)
than for breeders (D = 0.39). In other words, models for
breeders were dominated by 1 or 2 environmental var-
iables, whereas models for adults had a more even spread
of contributing variables (paired t-test of Simpson’s D
across species: t12 = 3.42, p < 0.01). This pattern held for
the adjusted contributions (t12 = 4.99, p < 0.001).

DISCUSSION
A distinct pattern emerged when we constructed eco-

logical niche models for Odonata species in Oklahoma.
Predicted niches constructed with breeder data (attempted
+ successful) were narrower than predicted niche models
constructed with adult data. Moreover, although the envi-
ronmental variables that contributed most to a model
tended to correspond between breeder and adult models,

Figure 1. Ecological niche models for Argia apicalis
(Odonata : Zygoptera) on the basis of breeding presence only
(observed tandem pairs, ovipositing, larvae, tenerals, or exuviae)
(A) or adult presence (B), and the calculated difference be-
tween the 2 models (C). Warmer (redder) colors signify a
higher probability of occurrence, whereas cooler (bluer) colors
signify a low probability. In Panel C, warmer colors signify
areas predicted for adults but not breeders.
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Figure 2. Differences (adult – breeder) between ecological niche models using data for adults vs breeding evidence (observed
tandem pairs, ovipositing, larvae, tenerals, or exuviae) for 12 species of Odonata.



the relatively consistent drop in % contribution from the
breeder to the adult model suggests lower specificity in the
adult models. This finding implies that the presence of
breeders was correlated with fewer environmental variables
(narrower niche space) than was the presence of adults.
We interpret this pattern to indicate that adults occupy a
broader environmental and, therefore, geographical range
of sites than breeders. In short, adult presence does not
appear to be a good surrogate for breeding status.

This interpretation has intuitive appeal because we ex-
pect some adults to disperse away from natal sites. Never-
theless, a focus on adult data, which are easier to collect
than any other sort of data for the order (Bried et al.
2012b), could be misleading if Odonata are used as envi-
ronmental indicators (D’Amico et al. 2004, Oertli 2008,
Silva et al. 2010, Bush et al. 2013, Kutcher and Bried 2014).
Instead, a species’ residency status must be established to
link observed adults with aquatic conditions at sites tar-
geted for conservation and management (Bried et al. 2015).
A focus on residency status may be highly restrictive. For
example, presence of exuviae, which provide excellent evi-
dence of breeding at a site (Raebel et al. 2010), are as po-
tentially biased as surveys of adults and may result in
underestimates of true richness at a site for different rea-
sons (Bried et al. 2012a). Use of tenerals, recently emerged

adults with limited dispersal ability, may be suitable, but
identification of tenerals is difficult, particularly for Zygop-
tera. Tenerals are difficult to handle without damaging
their freshly emerged wings, which, until they dry and fill
with hemolymph, are flimsy and can be crumpled or torn
easily. Once a teneral’s wings and body have dried suffi-
ciently, which may be within a matter of a few hours, they
may disperse away from the natal site.

We recommend against use of basic lists of species for
conservation and management decisions. Instead, we rec-
ommend use of age (e.g., adult vs teneral) or life-stage-
specific data for such purposes. Our recommendation to
focus on breeding behavior instead of adult presence does
not mean adult presence is unimportant. Rather, we draw
an analogy to individual home ranges and use Johnson’s
(1980) terminology to contend that breeding data provide
insight into 3rd-order selection (differential use of space
within a home range), whereas adult data provide insight
into 2nd-order selection (placement of a home range within
a larger geographical region). In other words, where a species
breeds is a subset of where a species occurs (3rd-order),
whereas where a species occurs is a subset of the total geo-
graphic range in which the species may be found (2nd-order).
Data on breeding status as we or others (e.g., Chovanec and
Waringer 2001, Foote and Rice Hornung 2005, Chovanec

Table 3. Contribution of environmental variation in ecological niche models (MaxEnt) for presence of breeding (B) or adult (A) Odonata
species in Oklahoma, USA. Values of environmental variables with the highest mean (n = 100 runs) % contribution to the model after
correction for a sensitivity analysis (see text) for each species are in boldface. Simpson’s D is a dominance index—higher values indi-
cate dominance by a few environmental variables, whereas lower values indicate more equitable contributions across variables. See
Table 1 for headings.

Species

Precip Min T Max T Mean T Elevation NDVI TWI Lentic Lotic
Simpson’s

D

B A B A B A B A B A B A B A B A B A B A

Hetaerina americana 1.7 12.4 19.0 5.4 2.1 2.0 12.1 6.9 5.0 3.8 0.7 2.1 3.9 10.7 5.9 8.0 49.5 48.7 0.41 0.33

Argia apicalis 7.2 4.7 2.9 6.5 0.7 3.9 1.7 3.7 1.2 3.4 2.5 1.0 4.7 7.7 49.4 34.0 29.7 35.1 0.39 0.28

Argia moesta 0.9 9.6 12.2 7.1 3.5 3.3 0.8 0.8 8.2 4.5 0.7 1.5 1.6 1.3 49.5 33.1 22.6 38.8 0.40 0.31

Argia nahuana 12.6 20.8 36.6 22.5 1.3 1.3 0.3 2.5 4.7 3.3 0.3 1.6 3.8 8.3 0.4 12.4 40.1 27.2 0.34 0.21

Argia sedula 12.5 12.1 8.0 6.2 3.4 2.9 1.4 13.7 4.4 2.3 5.2 2.1 0.4 7.6 10.9 16.5 53.8 36.8 0.45 0.22

Argia translata 30.0 25.4 18.4 10.7 0.1 4.8 1.9 1.7 7.3 13.0 3.2 3.8 4.6 5.0 6.7 7.4 27.7 28.2 0.20 0.34

Enallagma exsulans 34.4 24.0 0.6 4.8 0.6 0.9 1.1 1.3 0.5 9.6 8.3 9.2 8.3 2.7 15.9 8.7 30.4 38.8 0.30 0.26

Dromogomphus
spoliatus

3.9 4.3 5.3 10.3 3.6 9.4 13.7 1.1 0.2 6.0 0.2 0.5 3.4 2.2 68.3 51.6 1.5 14.6 0.65 0.34

Erpetogomphus
designatus

4.2 12.5 3.1 10.2 8.3 17.9 4.9 1.6 0.7 3.7 0.5 3.2 8.2 2.7 11.2 1.7 59.0 46.5 0.57 0.27

Progomphus obscurus 12.9 6.1 6.9 28.5 11.7 1.7 0.8 8.2 0.3 6.2 0.0 3.1 6.1 5.7 0.8 9.2 60.6 31.2 0.43 0.20

Neurocordulia
xanthosoma

2.9 33.5 3.0 3.1 1.0 9.7 0.0 1.9 21.9 10.0 5.9 0.9 1.7 1.2 29.4 5.8 34.2 33.8 0.27 0.26

Dythemis fugax 6.5 18.9 5.2 20.9 0.0 3.7 29.0 9.1 14.2 1.5 0.9 2.6 4.4 6.5 37.4 26.1 2.3 10.8 0.25 0.18

Libellula incesta 29.9 33.1 1.4 3.8 1.4 2.3 6.9 2.0 0.2 12.8 8.6 5.0 0.6 1.0 47.0 25.3 4.1 14.7 0.46 0.37
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et al. 2015) have defined it are scarcer than data on adult
presence, but we suggest that observers make an effort to
record all instances of tandem pairs and oviposition and
any tenerals or exuviae identified to species because these
data are more likely than adult observations to provide
a clear picture of niche requirements for a species. These
data also are much more likely to allow valid assessment
of habitat requirements and, hence, a species’ role in eco-
system function or community dynamics (e.g., Siesa et al.
2014). Adults are too flexible in their ability to occupy
a freshwater site, perhaps only temporarily (i.e., as a tran-
sient, with no breeding taking place), so strict criteria would
be needed (e.g., Bried et al. 2015) before adult data could
be used to construct sound niche models that would re-
flect the species’ actual habitat requirements. When suffi-
cient data have been gathered on breeding activity, future
investigators could parse more finely potential breeding
(tandem pairs and oviposition) and confirmed breeding (exu-
viae and tenerals) to assess whether such parsing would yield
further insight.

An additional revealing aspect of our analyses was the
strong influence of lentic and lotic habitat metrics on
models. Many Odonata species of special concern in the
southern Great Plains are lotic. Habitat loss from dam-
ming and groundwater extraction (see Brikowski 2008) is
a major cause of range constriction or population decline
(Patten and Smith-Patten 2013). Many species of Odo-
nata are habitat-specific in that they occupy either lentic
or lotic habitats, but the lentic–lotic divide actually is a
continuum. Numerous species occur in either habitat type,
and some are as common at the shores of large, muddy
reservoirs as they are along small, clear streams (e.g., A.
moesta). Quantifying where a species sits on the lentic–
lotic continuum will require development and testing of a
specific metric that can place the species as lentic, lotic, or
somewhere in between. Such a metric would greatly aid
in interpretation of ecological niche models for Odonata
given the strong tendency for lentic–lotic habitat affinity
to be associated with site occupancy. Regardless, any moni-
toring or assessment of changes in population size ought
to be based on breeder rather than adult data.
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