Journal of Insect Conservation 6: 47-55, 2002. 47
© 2002 Kluwer Academic Publishers. Printed in the Netherlands.

Habitat requirements and local persistence of three damselfly species
(odonata: coenagrionidae)

Leah K. Gibbons, J. Michael Reed* and Frances S. Chew
Department of Biology, Tufts University, Medford, MA 02155, USA; *Author for correspondence (e-mail:
mreed @ tufts.edu; phone: (617) 627-3544; fax: (617) 627-3805)

Received 12 June 2001; accepted in revised form 15 October 2001

Key words: Damselfly, Enallagma, Extinction, Habitat requirements, Population persistence

Abstract

Habitat requirements and population persistence were investigated in three damselfly species, all coastal plain
pond specialists: Enallagma recurvatum, E. laterale, and E. pictum. Because of geographic restriction, two are of
special concern to conservation, E. recurvatum and E. laterale. We surveyed more than 70 ponds on Cape Cod,
Massachusetts, and collected adult presence-absence data during the summers of 1999 and 2000. We achieved a
detection rate approaching 100% for each species by visiting each pond up to three times. We looked for rela-
tionships between the presence of each damselfly species and presence of specific aquatic vegetation, the pres-
ence of the other Enallagma species, and the number of ponds within various distances of the 72 surveyed ponds.
Using stepwise logistic regression, we found the following significant associations: E. recurvatunt with the rush
Juncus militaris; E. laterale with water lilies (Nuphar variegatum and Brasenia schreberi) the damselfly E. pic-
tum, and the number of ponds within 2 km; and E. pictum with the water lily Nymphaea odorata, the damselfly
E. laterale, and the number of ponds within 1.5 km and 2.5 km. Presence-absence data were used to calculate
turnover and local extinction rates for each species between the two years. E. recurvatum’s turnover and local
extinction rates (33.3% and 41% respectively) were much higher than either E. laterale (9.8%, 11.5%) or E.
pictum (7.7%, 10%). These results suggest that E. recurvatum occurs in a metapopulation, and that patch colo-

nization rates might be important to local population persistence.

Introduction

In general, species possess certain habitat require-
ments that contribute to site occupancy, and the fre-
quency of occurrence of these specific habitats con-
tributes to the distribution of a species (MacArthur
1972). Consequently, if the required habitat type is
uncommon, then a species depending on that habitat
also will be uncommon. Rabinowitz (1981) used three
characteristics of a species to define its rarity: geo-
graphic range, habitat specificity, and local population
size. She considered all species except those with a
large geographic range, that are habitat generalists,
and have relatively large local population size to be
rare in one way or another (Rabinowitz 1981). A spe-
cies” vulnerability to extinction depends, in part, on
how a species is rare (Rabinowitz 1981; Reed 1992).

Species that depend on uncommon, patchily distrib-
uted habitat are at risk from isolation and local ex-
tinction, particularly when habitat is being lost
(Brown and Kodric-Brown 1977; Tilman et al. 1994;
Tischendorf and Fahrig 2000). If patches occur in
close proximity, it is possible for individuals to move
among patches, decreasing isolation and reducing the
risk of permanent extinction from a habitat. Such an
arrangement of populations is termed a metapopula-
tion (Hanski and Gilpin 1991), and dispersal among
populations is important to persistence (Harrison
1991).

If a species occurs as a metapopulation, local ex-
tinction can be offset by colonization from neighbor-
ing populations. This allows metapopulation persis-
tence although individual patches experience turn-
over. To identify a metapopulation, several conditions
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must be met: habitat patches must be able to support
individuals, each population must be small enough to
have a finite risk of extinction, dispersal between
neighboring habitats must exist, and local dynamics
are asynchronous (Hanski et al. 1995). Information on
extinction risk and dispersal abilities of a species can
help guide land management decisions to increase
species persistence (Hanski and Gilpin 1991). Also,
if a species exists as a metapopulation, it would re-
quire managing for a suite of sites connected by dis-
persal, rather than for a single isolated site, to ensure
long-term persistence of that population (Harrison
1993).

We studied habitat requirements and population
persistence of three Enallagma damselflies: E. recur-
vatum Davis, E. laterale Morse, and E. pictum Morse.
Our goals for this study were to determine the type of
aquatic vegetation associated with each damselfly
species, to document local turnover and extinction
rates from ponds, and to determine whether or not
these species occur as metapopulations. Results from
this work will be important for developing successful
conservation plans, particularly because coastal plain
ponds are threatened by human activities (Barbour et
al. 1998; Sorrie 1994; Swain 1996).

Characteristics of the study system

Our study species, Enallagma recurvatum Davis, E.
laterale Morse, and E. pictum Morse belong to the
family Coenagrionidae, the largest and most diverse
damselfly family, and inhabit ponds containing float-
ing and emergent aquatic vegetation (Carpenter 1991;
Westfall and May 1996). We chose them for study
because they are geographically restricted to the
northeastern United States and they are strict habitat
specialists to coastal plain ponds. Two of the three
species have been designated as being of conserva-
tion concern in Massachusetts. E. recurvatum (Pine
Barrens Bluet) was considered to be state extirpated
until 1986, when several populations were discovered
on Cape Cod (Carpenter 1986). This species and E.
laterale (New England Bluet) are threatened with a
state rarity status of $2/S3 (Kearsley 1999). Both spe-
cies are state listed because of their limited geo-
graphic distribution (Natural Heritage and Endan-
gered Species Program 1995). E. pictum (Scarlet
Bluet) is not state-listed, but was included in this
study because it shares the same general habitat spec-

ificity as E. recurvatum and E. laterale, while expe-
riencing a more limited geographic range.

The three damselfly species studied here are
coastal plain pond specialists. Coastal plain ponds are
shallow, acidic glacial outwash ponds, usually with
no inlet or outlet (Sorrie 1994). These ponds are typi-
cally linked directly to the underlying groundwater
that maintains the pond (Sorrie 1994; Kearsley 1999).
As a result, water levels drop during the summer and
fall, and rise during the winter and spring, seasonally
flooding the pond shore (Sorrie 1994; Whitelaw et al.
1989). Many plants are adapted to this seasonal
change in water level (Theall 1983; Swain 1996;
Schneider 1994) and the seasonal flooding of the
pond shore maintains the plant community (Swain
1996). If groundwater is removed, pond water levels
cannot recover during the winter, and the pond shore
will experience an extended drought. This drought al-
lows invasive plant species to colonize the pond shore
habitat and push out native, coastal plain pond spe-
cialists (Keddy and Reznicek 1982, 1986). Alteration
of the plant community by changing the natural flood
regime of a pond would affect the ability of the dam-
selflies to inhabit a site because aquatic vegetation is
necessary for oviposition (Carpenter 1991). Thus, al-
tering the plant community structure of a pond is
analogous to habitat loss for Enallagma damselflies.
Coastal plain pond habitat is limited to the Atlantic
Coastal Plain (Carpenter 1991). New England con-
tains a large number of these habitats, with the great-
est concentration occurring in southeastern Massa-
chusetts and southern Rhode I[sland (Sorrie 1994). We
selected Cape Cod as our study area because of the
abundance of habitats suitable for E. recurvatum, E.
laterale, and E. pictum. The main threat to these dam-
selflies is habitat loss (Rawinski and Price 1994),
which on Cape Cod occurs through the removal of
groundwater via wells (Barbour et al. 1998).

Methods

In 1999 and 2000 we surveyed 72 ponds throughout
Cape Cod to identify sites used by E. recurvatum and
E. laterale. Surveys were done in June, which corre-
sponds to the flight season for these species (Carpen-
ter 1991). After consulting topographical maps of the
region, these ponds were selected from over 150 on
the Cape based on proximity to other ponds and ac-
cessibility to the investigators. We documented pres-
ence or absence for each damselfly species in each of



two years as well as aquatic vegetation species pres-
ence or absence at each pond. In July, during the flight
season of E. pictum, we resurveyed the same 72
ponds as well as four additional ponds. To minimize
detection error, each pond was visited up to three
times each month with visits stopped once the target
species were recorded. Both E. recurvatum and E.
laterale are fairly abundant where they occur (Car-
penter 1991), and therefore have high probabilities of
detection. E. pictum, while not as abundant, is easily
distinguishable due to its red coloration. Therefore,
we assumed, and observed, that all three species have
high probabilities of detection. Visiting each pond up
to three times lowered the probability of making a
Type I error (concluding a species is absent when it
is not) (Reed 1996).

Sampling generally occurred between 0900 and
1700, which corresponds to the daily activity times
for these damselflies (LKG, personal observation).
Searches for adults were conducted along the pond
shore vegetation and in vegetation within the pond.
Adult males were captured using an aerial insect net
and identified by examining the terminal appendages
through a hand lens (Westfall and May 1996). It has
been suggested that the minimum amount of time
needed to survey for E. recurvatum and E. laterale
where these species are not common is 37 minutes
(deMaynadier and Hodgman 1998). On average, 45
min (range 10 — 90 min) was spent surveying a site.
Since detection of one of these species usually oc-
curred within 30 min if the species was present, this
seemed a sufficient amount of time to spend at a pond.

While surveying ponds for E. pictum in July, the
aquatic and pond shore vegetation of the pond was
recorded. Aquatic vegetation is the flora found in the
water of the pond, either floating (e.g. water lilies) or
emerging from the water (e.g. rushes, reeds)
(Sculthorpe 1967). These plants typically have their
roots constantly submerged. Plants were identified to
species, and visual estimates of cover area of aquatic
vegelation were made.

Data were analyzed using contingency x* and lo-
gistic regression. Three 5 x 2 contingency tables were
set up, one for each damselfly species, to examine the
association between damselfly and aquatic vegetation
presence. The columns represented either the pres-
ence or absence of the damselfly species, and the
rows were categories of aquatic vegetation: emergent
vegetation (e.g. Juncus militaris) only, floating veg-
etation (e.g. water lilies) only, emergent and floating
vegetation, other kinds of emergent vegetation (not J.
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militaris), and no emergent vegetation. Stepwise lo-
gistic regressions (SAS 1990) also were performed to
compare the presence of one damselfly species to sev-
eral variables. This was done to determine whether a
particular variable could be used as a diagnostic in-
dicator for predicting the presence of a damselfly spe-
cies at a pond. Variables included in the analysis were
presence of specific aquatic vegetation (both emer-
gent and floating vegetation), presence of the other
two damselfly species, pond area, approximate cover
of aquatic vegetation, distance to the closest pond,
distance 1o the closest surveyed pond, and number of
ponds within certain distances of a site. For this final
variable, using only those ponds with emergent and/or
floating vegetation, the number of ponds within con-
centric rings at 0.5 km intervals from 0.5 km - 5 km
of a site was determined. An association with the
number of ponds within a certain distance might sug-
gest that some factor is influencing damselfly distri-
butions at that spatial scale. Presence data from both
years of the survey were used so that all occupied
ponds in either year could be included in the analy-
ses. Once significant (p < 0.1) variables were identi-
fied, a correlation analysis was performed to deter-
mine the direction of the relationship (whether there
is a positive or negative association) between the
presence of the damselfly and the significant variable
(SAS 1990).

Results

E. recurvamum was detected at a total of 26 of 72
ponds (36.1%), E. laterale at 28 of 72 ponds (38.9%),
and E. pictum at 21 of 76 ponds (27.6%). No new
sites of E. laterale were detected after the second visit
in either 1999 or 2000 (Figure 1). Only one new site
was detected on the third visit for E. recurvatum in
2000 and for E. pictum in 1999 (Figure 1). By the
second visit, detection rates were near 100% for all
three species. E. recurvatum and E. laterale co-oc-
curred at 11 ponds (42.3% of E. recurvatum-occupied
ponds). E. pictum was found at 17 of the 72 ponds
surveyed for all three species, and shared 14 of those
ponds with E. laterale (82.3%).

Using contingency table analyses, we found the
presence of aquatic vegetation to be significantly as-
sociated with the presence of Enallagma recurvatum
x> =30.01, df =4, p<0.001), E. laterale (x* = 14.11,
df =4, p < 0.01), and E. pictum (x* = 12.82, df = 4,
p < 0.025) at a pond. The most common aquatic veg-
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Figure 1. Cumulative percentage of new damselfly sites found
from an assemblage of 72 pands for E. recurvatum and E. laterale
and 76 ponds for E. pictum as a function of sampling effort. Each
site was surveyed up to three times to minimize detection error.

etation encountered at these ponds were the emergent
rush Juncus militaris Bigelow (Juncaceae), occurring
at 34 ponds, and the water lilies Nymphaea odorata
Aiton (Nymphaeaceae), Brasenia schreberi J.F. Gme-
lin (Nymphaeaceae), and Nuphar variegatum Engel-
mann (Nymphaeaceae). N. odorata was the most
common of these water lilies, occurring at 41 of the
76 sites. While 10 ponds contained B. schreberi, this
water lily species usually co-occurred with Nymphaea
odorata. N. variegatum was the least common and
was found at 9 ponds.

Stepwise logistic regression revealed that the only
variable significantly associated with Enallagma re-
curvatum presence was Juncus militaris presence
(x>= 17.5, p < 0.0001) (Figure 2), and they were
positively correlated (Table 1).

E. laterale was positively associated with the pres-
ence of the water lilies N. variegatum (x*= 5.17, df =
1, p = 0.023) and B. schreberi (x*=6.04,df=1,p=
0.014) (Figure 3), the damselfly E. pictum (x*= 4.32,
df = 1, p = 0.038), pond area (x*= 4.47,df = 1,p =
0.035), and the number of ponds within 2 km of a
habitat site (x*= 7.33, df = 1, p = 0.007) (Table 1).
The significant association of E. laterale and E. pic-
tum is illustrated by the fact that E. laterale was
present at 82.3% (14 out of 17 ponds) of the E. pic-
fum sites. E. laterale was not associated with E. re-
curvatum (logistic regression x* = 2.60, df = 1, p =
0.107). Of the 26 sites observed to have E. recurva-
fum in both 1999 and 2000, E. laterale was present at
42.3% of these sites (11 ponds). According to the
correlation analysis, E. laterale has a positive asso-
ciation with Brasenia schreberi (r = 0.344, p = 0.009),
and with E. pictum (r = 0.433, p = 0.001). However,
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Figure 2. Emergent vegetation vs. damselfly presence. The per-
centage of ponds containing a specific type of emergent vegetation,
which also contained a specific damselfly species. For example, of
six ponds containing Juncus only, four (66.7%) contained Enal-
lagma recurvatn and one (17%) contained E, laterale. It was de-
termined that £, recurvatum is significantly associated with Juncus
militaris (x*=17.5, df = 1, p < 0.0001).

E. laterale was negatively associated with the num-
ber of ponds within 2 km of a site (r = =0.363, p =
0.006) (Table 1). This implies that the more ponds
within 2 km of a site, the less likely the occurrence
of E. laterale. However, this association was not
found at other spatial scales.

Coastal plain ponds that support emergent and
floating vegetation tend to be small and relatively
shallow (Theall 1983). Large, deep ponds have steep
pond shores that are unable to support typical coastal
plain pond flora (Swain 1996). The largest ponds sur-
veyed (largest pond = 128 ha) lacked any form of
aquatic vegetation. Of the ponds with aquatic vegeta-
tion, the larger ponds (larges pond = 16 ha) generally
had less vegetation (small area) compared to the
smaller ponds (smallest pond = 0.05 ha). The largest
pond containing E. laterale was approximately 16 ha
and the smallest was around 0.7 ha, and the popula-
tions of E. laterale were present in both years of the
survey at these sites. Both of these ponds had floating
vegetation, suggesting that perhaps the primary fac-
tor necessary for this species to view a site as suit-
able is the presence of the appropriate vegetation.
Similarly, pond area ranged from 0.05 ha to 16 ha for
E. recurvatum and from 0.7 to approximately 11 ha
for E. pictum, and again, both the largest and small-
est occupied ponds supported the required vegetation.
However, smaller ponds are more prone to com-
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Table 1. Significant variables (p < 0.01) from logistic regression analysis and direction of relationship (from correlation analysis), For each

variable, df = 1.
Species Variable p-value Direction of association Model concordance
E. recurvatrum S militaris < 0.0001 + 65.6
L. laterale N. variegatum 0.023 + §7.9
B. schreberi 0.014 +
E. pictum 0.038 +
Pond area 0.034 +
# ponds within 2 km 0.007 -
E. pictum N. odorata 0.065 96.0
E. laterale 0.015 +
# ponds within 1.5 km 0.034 -
# ponds within 2.5 km 0.032 -
o 100 4 ber of ponds within 2.5 km (r = -0.316, p = 0.017)
§ L. 904 E?"“I"'m"" (Table 1).
g B ?gf ~picim Between the two years of this study, E. recurva-
£ E 60 tum experienced extirpations at 41% of the surveyed
25 50 ponds (i.e., of 22 ponds where E. recurvatum oc-
gf: ;g | curred in 1999, 9 of those ponds did not have the
e5 20 damselfly in 2000) (Table 2). E. laterale and E. pic-
=< 10 ] tum experienced much lower extirpation rates of
¢ . 11.5% (3 out of 26 ponds) and 10% (2 out of 20
Nymphaea Nuphar Brasenia x T 1
il variegatum hbrobar ponds), respectively (Table 2). Colonization for E.

Water Lily Species

Figure 3. Comparison of Enallagma laterale and E. pictum occur-
rence with specific water lily occurrence. These water lily species
were the only water lily species encountered among the siles sur-
veyed. It was determined that E. laterale is significantly associated
with N. variegatum (x*= 5.17, df = 1, p = 0.023) and B. schreberi
(y’= 6.04, df = 1, p = 0.014) and E. pictum is associated with V.
odorata (y*= 341, df = 1, p = 0.065).

pletely drying up during drought conditions, which
would interfere with population persistence at the site.
In fact, the smallest E. recurvatum site (0.05 ha) dried
up between the two years of the survey, and as a con-
sequence, E. recurvatum was not found at that loca-
tion in 2000,

Stepwise logistic regression showed an association
between E. pictum presence and the presence of Nym-
phaea odorata (x*= 3.41, df = 1, p = 0.065) (Fig-
ure 3), E. laterale (y*= 5.87, df = 1, p = 0.015), other
forms of emergent vegetation (y*= 3.67,df = 1,p =
0.055), and the number of ponds within 1.5 and 2.5
kilometers of a site (x*= 4.47, df = 1, p = 0.034 and
x’=4.59, df = 1, p = 0.032, respectively) (Table 1).
There was a significant positive association of E. pic-
tum with the presence of N. odorata (r = 0.319, p =
0.016) and E. laterale (r = 0.433, p = 0.001). How-
ever, there was a negative association with the num-

recurvatum was also relatively high, with 23.5% of
the ponds occupied in 2000 not occupied in 1999 (i.e.,
E. recurvatum occurred at 17 ponds in 2000, 4 of
these ponds were not occupied in 1999) (Table 2). For
E. laterale, 8% of the 2000 records were at formerly
unoccupied ponds (2 out of 25 ponds), and 5% of E.
pictum sites in 2000 were at formerly unoccupied
ponds (1 out of 19 ponds).

From these data, we calculated turnover as
(c +e/a+ b)¥100, where ¢ is the number of ponds
newly colonized in 2000, e is the number of ponds
occupied in 1999 that were no longer occupied in
2000, a is the total number of ponds occupied in
1999, and b is the number of ponds occupied in 2000
(Diamond 1969) (Table 2). Faunal extinction rates, or
the probability of a species becoming locally extinct
(i.e., disappearing from a pond), were estimated as
2F /(A + B),where E = the number of local extinc-
tions, 1 = the number of intervening years between
surveys, A = number of ponds occupied in the first
year of the survey, and B = number of ponds occu-
pied in the second year (Diamond 1971). The local
extinction rate for E. recurvatum was higher than for
the other two species (Table 2).
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Tuble 2. Percent turnover (caleulated using Diamond (1969)). faunal extinction rate (Diamond 1971) (see text for equations), and local ex-
tinction rate (# extinct sites/ # occupied sites in first year of study) of the three target damselfly species in our study,

Species Turnover Faunal Extinction Rate Local Extinction Rate
Enallagma recurvatum 333 0.462 41%

E. laterale 9.8 0118 11.5%

E. pictum Tl 0.103 10%

Discussion for oviposition (personal observation). Due to the

We found Juncus militaris to be the type of emergent
vegetation most predictive of Enallagma recurvatum
presence. Of the 26 sites with this damselfly, 23 had
J. militaris. However, 12 ponds in 1999 and 14 in
2000 with J. militaris did not have E. recurvatum
present. This damselfly oviposits inside the plant stem
(Carpenter 1990, 1991). When we observed mating
and ovipositing E. recurvatum, the female would
crawl down the stem of the rush and use her sharp
ovipositor to insert eggs directly into the stem of the
plant. The habitats of E. recurvatum and E. laterale
have been described previously and our results are
consistent with earlier reports that aquatic vegetation
is necessary for successful breeding (Carpenter 1990,
1991; deMaynadier and Hodgman 1998; Pucci and
Mello 1993). We found E. laterale primarily at sites
with water lilies: this damselfly occurred at 28 ponds
total, with 26 of these possessing this type of vegeta-
tion. More specifically, Nuphar variegatum and Bra-
senia schreberi were significantly associated with this
damselfly. Although there was no statistically signif-
icant association with the water lily Nymphaea odo-
rata, it appeared to frequently co-occur with E. lat-
erale (occurring at 12 of the 28 sites). Although the
association between E. laterale and B. schreberi has
been reported (deMaynadier and Hodgman 1998), the
association between N. variegatum and E. laterale
has not.

There are no published reports documenting the
habitat requirements of Enallagma pictum. Anecdotal
accounts describe E. pictum habitat as similar to that
of both E. recurvatum and E. laterale, including both
Juncus militaris and some form of water lily (V. Car-
penter, personal communication). Our analyses
showed that this damselfly is associated primarily
with Nymphaea odorata. Although the level of sig-
nificance for this association was marginal, we be-
lieve there is a biologically significant association.
This damselfly has similar breeding habits as E. lat-
erale, choosing the lower surface of a water lily leaf

prevalence of N. odorata on Cape Cod, this plant
cannot serve as a diagnostic predictor for the presence
of E. pictum at a pond. However, this water lily is a
critical element of the pond habitat because E. pictum
requires it for breeding.

In general, habitat size is associated with popula-
tion persistence, since a larger habitat would be able
to house a larger population, reducing the risk of lo-
cal extinction (Hill et al. 1996). In our study, pond
arca was significantly associated with only Enal-
lagma laterale. Tt has been proposed that habitat se-
lection by damselflies is a visual process (Corbet
1999), and our results suggest that pond size is not a
major factor in this process. This result might not be
surprising for our study system because larger ponds
did not have proportionately more emergent vegela-
tion, possibly because the pond profile left little arca
for emergent vegetation. However, smaller ponds are
more prone lo completely drying up during drought
conditions. Consequently, larger ponds with the ap-
propriate vegetation might provide a more stable en-
vironment for these species despite the more confined
breeding area, by holding water longer.

An interesting result was the lack of association
between Enallagma recurvatum and E. laterale. This
contradicts previous assertions that these (wo species
typically coexist (Carpenter 1991). This lack of asso-
ciation may indicate competition between these two
species. If competition is driving the occupancy pat-
terns of these species, however, it is unlikely over
oviposition sites: these two species do not share veg-
etation requirements. E. recurvatum appears to re-
quire emergent vegetation, whereas E. laterale is as-
sociated with floating vegetation. However, their lack
of association could result from plant-plant competi-
tion. E. laterale and E. pictum, on the other hand,
were associated. This may be related to their breed-
ing habits and similar oviposition sites. Both species
use the underside of water lily leaves for oviposition,
and these two species were most often found at ponds
with abundant floating vegetation.



One major finding of this investigation is the ap-
parent transient nature of local Enallagma recurvatum
populations. Compared to E. laterale and E. pictum
populations, this species exhibits a much higher turn-
over rate and experienced a higher extinction rate.
Faunal extinction rate was over four times greater for
this species than the other two, meaning it is much
more likely to go extinct. Looking at the turnover
rates for these three species may afford an under-
standing of their dispersal patterns. Ponds are discrete
habitats surrounded by hostile territory that must be
traversed by dispersing individuals. Dispersal is one
of the key components of metapopulation dynamics
(Hanski and Gilpin 1991; Harrison 1991: Brown and
Kodric-Brown 1977) and the ability of a species to
survive dispersal and occupy appropriate sites is fun-
damental to metapopulation persistence (Neve et al.
1996; Drechsler and Wissel 1998; Moilanen and Han-
ski 1998).

The differences in turnover may reflect differential
dispersal capabilities of each damselfly species. There
have been reports of Enallagma adults being found
up to 2.7 km from source populations (Moore 1954
cited in McPeek (1989)). Higher dispersal rates may
influcence colonization rates. If individuals tend to
disperse away from ponds, this may exact a cost in
the form of increased predation or inability to locate
suitable habitat, yielding low colonization rates.
However, longer dispersal distances can lead to
higher colonization rates, since dispersing individuals
could establish new populations. E. recurvaium may
have a greater tendency to disperse than either E. lat-
erale or E. pictum, which could explain the higher
turnover rates. '

Enallagma laterale and E. pictum may not dis-
perse as widely as E. recurvatum. McPeck (1989)
demonstrated that several Enallagma damselflies tend
to remain at their natal pond, displaying strong philo-
patry. Other genera of damselflies belonging to the
same family also exhibit limited dispersal (Garrison
and Hafernik 1981). Individual damselflies were
shown to have low daily movement rates (6 m/day),
and only traveled 150 m from the natal site (Garrison
and Hafernik 1981). Dispersal away from natal ponds
might increase adult mortality, yielding reduced ex-
pected reproductive success for dispersing adults than
for non-dispersers (McPeek 1989). By limiting dis-
persal and remaining at natal sites, these species may
be able to reduce the risk of mortality, hence the
lower turnover rates demonstrated by these two spe-
cies.
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As well as demonstrating a higher turnover rate,
the extinction rate for Enallagma recurvatum (41%)
was also higher than the extinction rates of the other
two species. Of the 22 ponds containing this species
in 1999, nine lost this damselfly in 2000. Cape Cod
experienced a drought during the summer of 1999,
and pond water levels dropped substantially during
the summer months (McHorney 2000). Droughts can
have a marked effect on pond fauna, with permanent
ponds losing many of the characteristic taxa to immi-
grants from temporary ponds (Jeffries 1994). E. re-
curvatum has a greater risk of local extinction, with
the probability of extinction more than four times
greater than either E. laterale or E. pictum. Despite
the relative abundance of this damselfly species on
Cape Cod in comparison to other locations, it appears
that these populations experience more local extinc-
tions and colonizations than populations of E. laterale
and E. pictum. Therefore, E. recurvatum faces a
greater local extinction risk due to its high turnover
rate, but might persist well as a metapopulation if
ponds are maintained.

Based on the turnover data and the patchy distri-
bution of appropriate ponds, evidence supports the
idea that . recurvatum occurs as a metapopulation.
The population structure of E. laterale and E. pictum
cannot be easily surmised from the turnover data.
These two species exhibited fewer instances of ex-
tinction and colonization, which may be attributed to
sampling error. Further investigation is warranted for
determining whether the patterns observed during this
study are representative of normal population dynam-
ics, or whether they are consequences of the drought
of 1999. The damselflies we studied exist in patchy
habitats: coastal plain ponds represent discrete habi-
tat patches that are independent from similar ponds.

Knowledge of the population structure and breed-
ing requirements is critical to the development of suc-
cessful management plans for these damselfly spe-
cies. However, there might be some other ecological
processes driving the distribution of these species be-
sides the processes discussed in this paper. E. laterale
and E. pictum demonstrated an association with the
number of ponds within specific distances of an oc-
cupied pond. Specifically, E. laterale was associated
with the number of ponds within 2 km of an occu-
pied pond, and E. pictum was associated with the
number of ponds within 1.5 km and 2.5 km. The
observation that the presence or absence of these spe-
cies can be partially explained by distance indicates
the influence of some ecological factor(s) operating
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at these spatial scales (Levin 1992). This study can-
not determine what these processes might be; there-
fore future research on these damselflies should focus
on identifying these factors. However, the associa-
tions of E. laterale and E. pictum with these specific
distances should be used when considering manage-
ment for these species.

One important outcome of this study is the ac-
quired knowledge of the ecology of Enallagma pic-
tum, a species that has not been the subject of many
studies. Based on the amount of time needed to sur-
vey a pond for each species, it seemed like E. pictum
was rarely dominant at a pond and appeared to have
relatively small local population sizes compared to E.
recurvatum and E. laterale. While all three species
should qualify for high conservation priority due 1o
their habitat specificity and narrow geographic distri-
bution, E. pictum deserves a higher conservation pri-
ority based on the fact that it seems less abundant at
ponds than either E. recurvatun or E. laterale (cf.
Reed (1992)). E. pictum has not yet been state-listed
in Massachusetts, but the results of this study reveal
that it is as rare, if not rarer, as either E. laterale
(state-listed as a species of special concern) or E. re-
curvatum (state-listed as threatened). Hopefully the
results of this study will provide incentive to add E.
pictum to the state list of species of concern and
prompt more research into the ecology of this species.
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