OIKOS 83: 166174, Copenhagen 1998

An experimental assessment of landscape connectivity
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We cxperimentally assess the relative movement abilitics of two sympatric, ecologi-
cally similar specics of damselfly. Calopteryx maculata and Calopteryy aequabifis
{Odonata: Caloplerygidae), within two structurally dissimilar habitay types, forest
and pasture. For both specics, streams are required resources, forest 18 a potential
resource, and pasturc is ncutral habitat. Experimental manipulations were eonducted
Al a spatial scale approaching typical inter-stream distances within our study regioin.
A portion of the individuals was displaced away from ils required stream habilat
within its native landscape, and the remaining individuals were transferred 10 another
landscape of alternate habital structure (either forest or pasture). Within cach habitat
type we equate relalive movement ability, an essential component of landscape
conncctivity, with the proporton of displaced individuals obscrved to have reached
the stream, as mcasured against reobservation rates of control individuals released at
the stream. We found that C. macufata, the speeies more consisient in its use of forest
as a resource, moved significanty more readily through 700 m of pasturc habitat than
through the same distance of forest, while C. aequabilis moved with equal abilitics
through both habilat types. Historical behavior — whether or not the individuals
typically used forest as a resource before the manipulations — did not have a
statistically significant effect on the movement abilitics of individuals of either species
in cither habitat type. There was, however, some evidence that C. maculata individu-
als native 1o non-foresied landseapes moved more readily through forest than their
forest-inhabiting counterparts. Both sexes moved with equal abilities irrespective of
habitat type, but male C. aequabilis moved with greater ability through forest than
females, while the reverse was true within pasture landscapes.

J. Pither and P. D. Taylor (correspondence), Atlantic Coaperative Wildlife Ecology
Research Network (ACWERN), Dept of Biology, Acadia Univ., Wolfville, NS, Canada
BOP 1X0 (philip.tayior@acadian.ca).

Landscape connectivity is of fundamental importance
to the dynamics of spatially structured animal popula-
tions {Fahrig and Merriam 1985, 1994, Stacey et al
1997). 1t represents the degree to which the landscape
facilitates or impedes the movement of individuals
among resource patches and populations (Merriam
1984, Taylor et al. 1993). For many syslems, quantify-
ing landscape connectivity requires spatially explicit
methods that are sensitive to the possibility of complex
interactions belween the behavior of individual animals
and landscape structure (Wiens 1997). individual-track-
ing techniques (e.g. Fahrig and Merriam 1985, Merriam
and Lanouc 1990, Crist et al. 1992, Andreassen et al.
1996), mark-release-recapture experiments (e.g. Fahrig
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and Palohcimo 1987, Harrison 1989, Bennctt et al.
1994, Sutcliffe and Thomas 1996), and manipulations
of habitat or individuals within experimental model
systems (EMS) (e.g. Ims ¢t al. 1993, Wiens ct al. 1997)
have all had some success in this regard (for a review in
a slighty different context see Ims and Yoccoz 1997).
With these few exceptions, however, it is rare to find
empirical data that directly describe key paramelers of
landscape connpectivity, such as the habitat-specific
movementl patterns, rates, or capabilities of animals
(Kareiva 1990, Ims 1995). Even morc rare are data
comparing movement behaviors among landscapes that
differ in structure (e.g. amounts or configurattons of
suitable habitat, Wiens 1997, Wicns et al. 1997), or (hat

CHEKOS Nl (1998



deseribe movements oceurring at spatial scales coinci-
dent with the particular species” population dynamics
(Kareiva and Wennergren 1995).

We belicve, however, that combining information
about those processes with fine-scale movement data
will allow [or better predictions of connectivity and
population  dynamics in  helerogeneous landscapes
(Merriam 1991, Fahrig and Merriam 1994, Ims and
Yoccoz 1997). Several examples help illustrate this
point. Extensive mark-recapture and tracking studies of
white-lfooled mice (Peromyscus feucopus) showed that
movement among spatially subdivided populations was
cssential to maintaining regional population persistence
in farmland mosaics, and was facilitated by the use of
wooded fencerows as movemen! cornidors (Middleton
and Merriam 1981, Fahrig and Merriam 1985, Merriam
and Lanoue 1990). In the same system Mernam and
Lanoue (1990} presented some evidence that hislorical
behavior influenced the responses of mice Lo novel
landscape structure. Fencerow use depended somewhat
on how the experimental groups of mice used habitats
(including fencerows) before being manipulated. This
provides an example of how behavioral context, in
addition to structural contexl, may matter to measures
of landscape connectivity (Wiens 1997). In contrast,
Harrison (1989) found that random movement behav-
ior through open habitat by the butterfly Euphliydryas
editha was likely responsible for the colonization of
small habitat patches near a large source population. In
another butlerfly system, Thomas and Harrison (1992)
demonstrated that the colonization of isolated habitat
patches by. Plebejus argus was limited by their dispersal
capability (less than i km), but facilitated by the pres-
ence of stepping stones of suitable habitat patches.
Using similar methods, Solbreck (1995) showed that
weather, host-plant quality, and movement capability
interacted to affect the long-term spatial and temporal
dynamics of lypaeid bugs in a patchy landscape. In
Lhese latter situations where habitat patches are highly
variable in quality or are transient, or when weather
conditions introduce added risk (as in many ectotherm
syslems), high demographic conneclivity (sensu Stacey
et al. 1997) is essential to population persistenee (Har-
rison and Taylor 1997).

The above examples demonstrate how a more thor-
ough understanding of landscape connectivily could
emerge from conducting empirical studies over suffi-
ciently large spatial scales so as to encompass the
movement capabilities of the subject organism(s)
(Thomas and Hanski 1997). Additionally, such meth-
ods are less bound 1o the many assumptions inherent to
predicting responses across scales (e.g. Turner et al.
1989, King et al. 1991). This is especially desirable in
hght of recent EMS studies that demonstrated complex,
non-linear interactions between individual movement
behavior, spatial scale, and the structure of landscapes
(e.g. Cnist et al. 1992, With and Crist 1995, Wiens et al.
1997).
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Llere we make use of a svstem involving the wlults ol
the stream-dwelling damsclflics Caloprervy maculata
(Beauvois) and Caloptervy acguahilis Say (Odonata:
Calopterygidac) to e¢xplore empirically key components
of landscape connectivity. Specifically. we experimen-
tally determine each species’ relative ability to move
through forest and pasture habitats. We conducled
experiments at a spatial scale that corresponds to both
maximum foraging extent of these insccts. and the
lower limil of inter-stream distances within our study
region. Qur results, therefore, provide key insights into
processes acting at relatively broad spatial scales, such
as the rclative likelihood of successful inter-stream
movements within predominantly forest or pasture
landscapes.

Background

There are a number of spatial scales at which .
maculata and C. aequabilis respond 1o the spaiial pat-
terning of resources. At fine spatial scales, both species
are locally abundant where host plants required for
oviposition (emergent aquatic vegetation) are abundant
(Waage 1972, Meek and Herman 1990). Males are
territorial at clumps of oviposition resources {ca 1 m’)
and exhibit resource-defense polygyny (Alcock 1987
but sce Forsyth and Montgomerie 1987). Experiments
have shown that adults perceive and respond to the
amount, quality, and dispersion of oviposition re-
sources along the stream (Alcock 1987, Waage 1987,
Meek and Herman 1990, Gibbons and Pain 1992).
Subtle differences exist in those responses between the
species, and adult distributions at these fine spatial
scales (i.e. scale of meters along streams) reflect those
differences (Meek and Herman 1990),

At medium spatial scales, forest is a potential forag-
ing resource for both species (Taylor and Merriam
1995). Within patchy [orest landscapes some adult C.
maculata will make directed, transient movements
through several huandred meters of pasture habitatl in
order to access forest patches (Taylor and Merriam
1995). We have observed this behavior in some C.
aequabilis individuals, though not as frequently. When
they inhabit streams within continuous forest land-
scapes, the damselflies do not make cxtended inter-
habitat movements (because forest 1is situaled
immediately adjacent to the stream). Surveys have
shown that C. maculata individuals are distributed at
greater distances away from streams (scale of hundreds
of meters) within fragmented [orest landscapes as com-
pared to eontinuous forest landscapes (Taylor and Mer-
riam 1995).

Thus, just as adult distributions along a given stream
are influenced by reproduclive behaviors {i.e. movement
for defending or finding territories) and the spatial
patterning of oviposition resources, distributions within
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a given landscape are influenced by the interaction
between the dumselflies” foraging behaviors and the
spatial patterning of streams and forest within the
landscape. As u consequence, the sive of a damselilies”
ecological neighborhood (sensu Addicott et al. 1987)
may be larger within fragmented landscapes.

We werednterested in how landscape spatial structure
interacts with the movement behaviors of the damselfiies
at medium spatial scales 1o govern connectivity in our
study region. Based on the landscape-specific loraging
behaviors described previously, we suggest that - all
clse being equal — the likelihood of inter-stream move-
ments is higher within [ragmented landscapes (where
extended foraging bouts occur) than within continuous
forest landscapes. We predict that the success with
which an individual moves between streams will be
influenced by both the distance between streams and the
nature of the mter-stream habitat. To test this predic-
tion we performed mampulative mark-recaplure experi-
ments that were designed to direetly measure the relative
abilities of the two specics to move through either forest
or pasture habitat, over a distance eomparable to inter-
stream distances in the valley (700 m). More specifically,
our experiments were designed to address the following
points:

. Of primary interest 1s whether forest and pasture
facilitate movement 1o different degrees [or these ecolog-
ically similar species. We predict that individuals of
both species will move more readily through pasture
habitat than through forest habitat. This is based upon
observations of movement behaviors within cach habi-
tat wype: within pasture habitat hoth species make
transient movements only.

2. We are also interested in how historical behavior
(sensu Merriam and Lanouc 1990), or behavioral con-
text, may affect landscape connectivity. Based on exten-
sive observalions in the field, we assign the damselflies
used in this study 10 two behavioral categories: those
that use forest as a resource but need nol make extended
movements to access them (i.e. individuals inhabiting
[orested streams), and those that do not use forest as a
resource (i.e. individuals inhabiting streams where forest
is scarce). Henceforth we refer to the individuals as
“forest individuals” and “‘pasture individuals”, respec-
tively. Our experiments are designed to detect net dilfer-
ences (if they exist) in landscape-specific connectivity,
brought about by any differential interactions of the
niovement behaviors of those categories of individuals
with landscape structure.

3. Inter-sexual differences in movement behaviors at
the stream are attributed to territoriality in the males,
which occurs only at the stream (Waage 1972, Conrad
and Herman 1990, Meeck and Hermian 1990). Hence, we

have no reason to believe that therc should be differ-

ences between the sexes in cither the overall, or the
habitat-specific  ability, 10 move through the two
habitats.
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Methods
Description of study area

Our study area within the Annapolis Valley region of
Nova Scotia, Canada (45°05N; 64°30°'W) 15 heteroge-
neous in space and time. Oviposition resources arc
patchily distributed along streams, and streams are
patchily distributed within various amounts of sur-
rounding forest habitat. Within the valley proper {which
consists of a mosaic of farmland and woodlots) stream
habitat and forest patches are abundant and are in
relative proximity (ca 0.5 to 1.2 km apart) with respect
to the movement capabilities of these damselflies (ca |
km within a day; pers. obs.). On the slopes of the valley,
streams are typically several kilometers away [rom each
other, and are separated by continuous forest.

Streams change through time with respect to suitabil-
ity. It is not vnusual for a portion of the streams in the
region to run dry during the flight season. Under such
conditions the extent to which those locales act as sinks
(sensu Dunning et al. 1992) to adults will depend in part
on the abilities of the damselflies to move to more
suitable streams.

Field methods

To verily that our desired experimental spatial scale of
700 m would provide reasonable reobservation rates, we
performed a preliminary experiment using C. maculata
(assuming the results would be applicable Lo C. ae-
guabilisy. This experiment was very similar in design to
the main experiments. We describe 1t in detail below,
reserving an explanation of the key differences in the
designs for later.

Preliminary experiment

On 25 June 1996 we captured and marked 50 individual
C. maculata of each sex at a foresied stream (Tupper
Lake Brook, UTM Zone 20T: 374500 m E, 4986500 m
N). Only reproductive adults in good condition were
used (with undamaged wings). Damselflies were caught
using a standard insect flight net, and placed in a cooler
at approximately 10°C. Alphanumeric markings were
painted on the hind wings using thinned whiteout fluid
(Forsyth and Montgomerie 1987). We displaced 10 of
each sex at distances of 350 and 700 m from the
stream at two different locations; one where the most
direct route to their required stream habitat (there was
only one stream n the vicinity) would take them
through continuous forest, and the other where the most
direct route was through patchily cut forest. These
treatments were included first, to verify that the distance
displaced affected rcobservation success, and second, to
test whether intermittent open areas along a displace-
ment route would produce a detectable difference in
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movement abilities ax measured by reobservation rates.
Ten control individuals of cach sex were released at the
stream, providing the expected proportion of the re-
leased ndividuals to be reobserved. Releases invalved
placing the cooled damselflies within a 1-m® mesh cage,
illowing them to acchmatize over 30 min, and opening
the cage 1o allow them to fly away on their own accord.

All grdups were balanced according to the amount of

time each individual endured captivity (ali within two
hours). Over the first three fair-weather days following
the release (up to a maximum of six days), between 0900
and 1700 h, we patrolled the stream for marked individ-
uals. Reobservation effort included walking up and
down a 350 m section of the stream while agitating the
streamside vegetation. Any marked individuals within
sight of the stream counted as a rcobservation. These
tactics avoid biases in observation rates among sexes
experienced by more passive observation (Henderson
and Herman 1984), Marked individuals are easily viewed
with the naked eye, but 7 x 28 binoculars were used
when required.

We analyzed the results using logistic regression, with
reobservation success as the binary response variable,
and SEX', HABITAT and DISTANCE as the explanatory
factors. The tcrms of interest in the resulting models are
the interactions between DISTANCE and all other factors.
All statistical models presented were fit using the glm
procedure in S-Plus (Chambers and Hastie 1992). We
assessed the adequacy of fit of all models using residual
diagnostics (McCullagh and Nelder 1989).

We justily treating cach damselfly as an independent
observation in these models in two ways. First, we have
seen no evidence 1o suggest that, when releasing the
damselflies in groups away from the stream, they affect
one another’s movements. Similarly, when releasing
them at the stream, where males are territorial, equal
numbers are removed and replaced such that the density
of damselflies before and after release would be the same
{thus minimizing any confounding density-dependent
behavior). Second, weather conditions and release times
are controlled for, such that each individual in each
experiment receives roughly the same amount of manip-
ulation and handling, all under similar environmental
conditions.

Main experiments

All experiments were conducted between 28 June and 31
July of 1996. Fig. | depicts a schematic representation
of our main experiments. They involved capturing and

individually marking damselflies, releasing a portion of’

the individuals within the native landscape, and transfer-
ring the others to a structurally different landscape. The

" Throughout the text, faclor names included in statistical
models are in SMALL CAPS fonl.
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rectprocal manipulations using the same two landscapes
are pertormed simultancously. Table | shows the loca-
tons ol the experimental streams. and the details of
sumiple sizes and replication for each treatment. Dis-
pliced mdividuals are refcased 700 maway from a single
stream (therr required reproductive resource). and con-
trol individwals are refeased adjacent to the stream.
providing the expected number (o be reobserved. We
equitte the movement abilities of the damselfties through
each habitat ype with the proportion of displaced
individuals observed to have reached the stream, as
measured dgainst the number of contrel individuals
reobserved.

Experimental landseapes were chosen according 1o
two key criterna. They were required 1o have (1) & 700-m
displacement trajectory predominantly homogeneous in
structure throughoult; ie. the minimum distance route
for the damselflies 1o fly was either forest or pasiure,
both along the entirc 700-m length, and for a band of
scveral hundred meters wide; and (2) only onc stream in
the vicinity: 1.e. the next nearest stream was more than
1.5 km away from the release point. Onc foresied site -
North River — had a quiet, infrequently used dirt road
(3 m wide) that crossed the displacement trajeclory near
the stream. Concurrent work (lan D. Jonsen unpubl.)
found that all of the forested streams used in our
experiments had over 75% forest cover within a 500 m
radius, while our pasture streains had more than 75% of
non-forest cover (1.e. hay fields or pasture} within the
same distance radrus.

As in the prefiminary experiment, we analyzed the
results using logistic regression, with reobservation suc-
cess as the binary response variable, aund SEX, SOURCE,
and RELEASE as the explanatory factors. Control and

Straam Stream

Foresl fandscaps

Paslure landscape

700m

= 10km
Fig. I. Schematic diagram of one replicate of the main manip-
ulation experiments. Each circle represents a group of males
and females (at least 5 of cach, at most 10} Black circles
represent individuals caught within forest landscapes, and grey
circles are pasture individuals. Arrows indicate displacements
within, and transfers between landscapes. Diagonally hatched
boxes represent 1-m® cages. Reobservation effort was balanced
by time of day among landscapes.
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Table 1. Names and locations of streimns used Tor experiments. with their respective numbers of females and males used for

manipulations. P and T

denote pasture and forest respectively. so the sample sizes accompanying P-P owould indicate the

number of individuals captured wied released in the pastare landscape. while P-17 would indicate the numbers captured in the
pasture landscape but released i the forest indscupe. The same pattern Tollows for F-7 and F-P,

Species Paxture stream

IForest stream

IFemale “N© Male “N”

Tributary of Canard River
I83200 m B, 4987300 m N
Graves Brook

334300 m [ 4990200 m N
Biack River

345600 m E, 4977100 m N
Graves Brook

354300 m E. 4990200 m N
Graves Brovk

354300 m E. 4990200 m N

C. aequiabilis
C. acquahifis
Coomaendeata Fales River

O nwarcilata

C. merctifata

North River
370800 m E, 49808000 m N

North River
370800 m L. 4980800 m N

349800 m E. 4976000 m N

South River
338100 m E. 4980700 m N

Tupper Lake Brook*
374500 m E, 4986500 m N

=P i P17 10, P-P 10, P-F 10

F-IF 1y F-P G F-F 10, I'-P 10

P-1* 18, P-F 20, P-P 20

I°-P 13

not used P-P 14, P-F 14,
[-F 16, I--P 17

P-P 10, P-TF 14, P-P 18, P-F 18.

I-F 12, -P 12 F-F 20, F-P 20

F-F 10, F-P {0 F-F 1G, F-P 10

* This site was used for the preliminary experiment also.

displaced individuals are distinguished in the models
using the binary faclor DISPLACE, so Lhe terms of interest
in the resulting models are the interactions belween
DISPLACE and all other factors. SOURCE, referring to the
source landscape of the damselflies, was the term used to
assess the importance of historical behavior on move-
ment abilities, i.e. do attribules (like behavior) specific 1o
Lhe damselflies” native landscapes lead to netl differences
m movement abilities within the two habitat types?
RELEASE refers to the release landscape, and was used to
assess overall effects of habital type on movement
abilities. For both species we fit models including the
main effects and all two- and three-way interactions. In
view of the relatively small sample sizes, we consider
results to be biologically ineaningful if associated type-1
error rates are less than 0.1. Resulis falling near this value
warranl further investigation.

One full replicate experiment included displacements
of groups of both sexes within and among the pasture
and forest landscapes (Fig. 1). On some days and at some
sites limited numbers of one sex allowed for only partial
replicates (i.e. treatments on one sex) to be performed;
Le. it would take too long to capture enough of both sexes
in one day. In these instances we attempted to complete
the unfinished portion of the expenments on the next
day, while allowing for continual reobservation by using
an additional experienced observer, The resulting sample
sizes and details of replication are shown in Table 1. We
were required to use different landscapes for each species,
therefore we analyze each species separately.

Results
Preliminary experiment

A total of 17/50 (34%) of the males and 7/50 (14%) of
the females were reobserved in the preliminary experi-
ment. Based on the reobservations of control individuals
(9/10 for males. and 4/10 for females), the expected
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proportion of each releasc group to be reobserved was
0.9 and 0.4 lor males and females, respectively. We
reobserved an average of 35% of the expected number of
individuals released at 350 m, and 10% of those released
at 700 m. Thus DISTANCE had a significan( cffect
(deviance explained =22.67 on 110.2 Null deviance;
P(x?) < 0.001), but there was no significant difference in
the likelihood of reobserving individuals released in the
continuous foresl as compared Lo the patchy forest (e(fect
of HABITAT, deviance explained < 1; P(x%) > 0.1).

Thus, reobservation rates were low, but sufficient for
us Lo continue to use 700 m as the experimental displace-
menl distance.

Main experiments

C. aequabiliy individuals moved with similar ease through
forest and pasture habitat (Table 2; no effect of RE-
LEASE x DISPLACE, Table 3), while C. maculara individ-
uals moved mueh more readily through pasture habitat
than through forest (Fig. 2; effect of RELEASE X DIS-
PLACE (P(x?*) < 0.01), Tables 4 and 5). Thus, our first
prediction was supported for C. maculata but not for C.
aequabilis.

Historical behavior did not have a statistically signifi-
cant effect on the relative movement abilities of either
species in general, nor within either habitat type (effects
of SOURCE x DISPLACE and SOURCE x RELEASE x DIS-
PLACE, for both P(x?) > 0.1; Tables 3 and 5). However,
Fig. 2 suggests that pasture C. maculata individuals from
pasture landscapes exhibited slightly better relalive
movement abilities than forest individuals in {orest
habitat, and also to a lesser extent in pasture habitat
(effects of SOQURCE x DISPLACE and SOURCE x RE-
LEASE X DISPLACE, for both P(3x?) =0.13; Table 5).

Males and females of both species generally moved
wilh equal abilities, irrespective of habitat type (no effect
of SEX x DISPLACE, Tables 3 and 5). A significant inter-
action of SEX X RELEASE x DISPLACE was found for C.
aequabilis individuals (Table 4, P(x®) = 0.015); males
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Table 2. Experimental reobservation rates (RR) for O aequabifiv individuals. Provided are the pereentage and actual numbers
{reobserved,released) for cach treatment group. The lust columin shows the calcalited relative reobservation rates.

Treaument RIR of control

RR of displaced

Relative RR

ndividuals individuals (RR displaced - RR controls)

Released n lorest* 43.3%, (13730) G.9% (2129 15.9%
Released in pas- 681 (32/47) 10.6% (S5/47) §5.6%

lure*
Taken fgom 48 1% (1327) 11.5% (3/26) 23900

[orestt
Taken from pis- 64" (32750) 8% (4/50) 12.3%,

turet

* Effect of ruLCAsE lundscape on reobservation rates, irrespective of SEX and source landscape,
T Effect of sSOURCE landscape on reobservation rates, irrespective of sEx and RELEAsE landscape.

moved more readily through forest habitat than did
females, while the reverse was true in paslure habitat
(Fig. 3).

Discussion

Determining the habitat-specifie movement abilities and
tendeneies of animals is crucial for a better understand-
ing of landseape connectivity (Merriam 1991). Several
field studies have provided fine-scale data regarding the
way in which vegetation structure affects the movement
patterns of animals (e.g. Crist et al. 1992, Wiens et al.
1997). At larger spatial scales most data have come from
tracking and mark-recapture studies within patch sys-
tems interconnected by movement corridors (e.g. Fahrig
and Merriam 1[985), habitat of varving quality (e.g.
Druelli et al. 1990, Thomas and Harrison 1992), or some
combination of both {(e.g. Wegner and Merriam 1979,
Machtans et al. 1996). In the few cases where the spatial
scales were sufficient to encompass the movement capa-
bilities of the subject organism(s), a strong understand-
ing of the relationship between movement behavior and
observed spatial dynamics was gained (e.g. Fahrig and
Merriam 1985, Thomas and Harrison 1992).

We used a novel experimental design to measure
directly the relative abilities of two ecologically similar
damnsélflies to move through forest and pasture habitat.
We knew that under natural conditions both species
moved through each habitat type as part of their daily
activities, While forest holds some value as a foraging
resource to the damselflies, pasture is a non-resource
habitat. We conducted our assessments over a distance
comparable to the extreme foraging range of these
insects, which corresponds (o minimum inter-stream
distances in our region.

We found that C. maculata, a species relatively consis-
tent in Is use of forest as a resource (Taylor and
Merriam  1995), moves significantly more readily
through 700 m of pasture habitat than through the same
distance of forest {Fig. 2). C. aequabilis, a species
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peculiar to open stream habitats (Walker 1953), moved
through pasture and forest with equal abilities.

These resulis have important implications for the
regional dynamics of C. maculata, given the spatial
structure of habitat in our study region. Specifically, our
results suggest that, all else being equal, C. maculara will
move nore successfully between streams separated by
700 m of pasture than belween those separated by 700
m of forest. More generally, we prediet that movements
among streams that are separated by mixed pasture-
forest habitat are more likely to occur than analogous
movements in landscapes where streams are separated
by continuous forest,

Other observations lend strength to these predictions.
Surveys elsewhere showed that C. maculata occurred
more frequently at greater distances away from pasture
streamns than forest streams (Taylor and Merriam 1995).
Furthermore, C. wmaculata have frequently been ob-
served making extensive, directed flights between
streams and forest patches that are separated in space
(Taylor and Merriam 1995; this study). Taken together,
these results suggest that the removal or fragmentation
of forest that surrounds stream habitat may acl to
enhance inleractions among local populations at broad
spatial scales. In contrast, the results also suggest that at
the finer, foraging scalcs, the removal of forest habitat
for foraging might have ncgative consequences for the

Table 3. Analysis of deviance table. Results are from a logis-
tic regression of the success of reobserving C. aequabilis
individuals according to experimenmially controlled cffects.
Only those terms including the displace factor are shown.

Term Df Deviance  P(x?)
Null 150 193.14

DISPLACE 1 45.16 <0.004
SEX X DISPLACE 1 1.65 0.198
SOQURCE x DISPLACE 1 0.86 0.353
RELEASE % DISPLACE | 0.42 0.516
SEX X SQURCE X DISPLACE 1 1.17 0.279
SEX X RELEASE X DISPLACE t 5.97 (.015
SOURCE X RELEASE 1 0.13 0.720

X DISPLACE
Residual 136 129.10
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Fig. 2. Plot of thc mean rclative proportion {proportion of
displaced individuals reobserved divided by the proportion of
conlrol individuals reobscrved) of C. maculata individuals
reobserved (sce Table 3 for data) according to SOURCE and
RELEASE landscapes. The difference in the relative proportions
reobserved among RELEASE habitat types is significant
(P(3*) =0.005). For example, a relative proportion of 0.17 of
the individuals native to pasture landscapes (filled circles) thai
were released in (orest landscapes were reobscrved.

damselflies. The important point 1s that altering land-
scape structure may affect population-level processes in
different ways at different scales.

Table 5. Analvsis of devionee tsble. Resulis ure from o logis-
Lic regression ol the success ol reohserving O maciata indi-
viduals according to experimentally controlled effects. Only
those terms mctuding the Diserack factor are shown.

Term dr Deviance Py )
Null 220 266.30

DISPLALCL 1 69.79 < (L0
SEX X PHSPLACE | 0.34 {1539
SOURCE % DISPLACLE | 2.28 0.131
RELLASIE % DISPLACE ] 8.1 0.003
SEX X SOURCE % DISPLACE 1 0.03 0.855%
SEX X RELEASE X DISPLACL 1 0.77 0.381
SOURCE % RELEASE 1 2.30 {.130

* DISPLACE
Residual 206 205.82

Empirical evidence demonstrates that the ability of
animals to persist in transient habitats is directly related
to mobility (¢.g. Solbreck 1995, Denno ct al. 1996). Our
study system can be considered transient in that the
abundance or quality of stream habitat (either oviposi-
tion sites or actual stream walter) varies both within and
between flight scasons. In dry years, for example, adults
may be required to move to different streams for mat-
ing and ovipositing. The success with which a damsel(ly
moves 10 an alternate stream will be a funclion of the
inter-siream distance. and the individual’s ability to
move through the intervening habitat. We predict that
the ability of adult C. muculata to move 1o different
streams. and lhus endure severe seasons, would be
higher in the patchy landscapes than in the forested
landscapes.

Our experimental design also allowed us to assess the
relative imporlance of historical behavior to the con-
nectivity of forest and pasture habitat types. Merriam
and Lanoue (1990) found that groups of white-footed
mice selected for specific behavioral tendencies used
fencerows in slightly different ways. Here we tesled
whether individuals that do not use forest resources in
their host landscapes moved with different abilities than
their forest-inhabiting counterparts. Although we did
pot find any significant differences in movement abili-
ties among those behavioral groups, the power of this
portion of the experiments was relatively low because
considerably fewer C. maculata were taken from pas-

ture landscapes than from forest landscapes. We

Table 4. Experimental reobservation rates (RR) for C. maculata individuals, Provided are the percentage and actual numbers
(rcobserved/rcleased) for cach treatment group. The last column shows the calculated relative reobservation rates.

RR of control
individuals

Treatment

RR of displaced
individuals

Relative RR
(RR displaced =~ RR controls)

71.6% (48/67)
56.8% (25/44)
69.6% (48/6%)
59.5% (25/42)

Released in lorest*
Released in pasturc*
Taken from forestt
Taken [rom pasturet

6.4% (4/63)
21.3% (10/47)
10.3% (7/68)
16.7% (7/42)

B.9%
37.5%
14.8%
28.1%

* Effect of RELEASE landscape on reobservation rates, irrespective of sex and sOURCE landscape.
1 Effect of sOURCE landscape on reobscrvation rales, irrespectlive of SEX and RELEASE landscape.
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suggeest that more expernments could reveal Turther
interesting results regarding how historical behavior
imfluences the habitat-specific connectivity.

We found no difference in the movement abilities ol
the sexes i our experiments. We did, however, find
that the relative reobservation rates of male . we-
gualilis was higher i forest landscapes than in pasture
landscages, while the reverse was trae for females (Iig.
3). This particular result is based on comparatively few
reobservations. and as such would henefit from further
cxpernments.

Conclusion

We demonstrate a relatively straightforward method to
directly assess the habitat-specific movement abilitics of

Sex
—=% Female
¢ ———o Male
0.6 -
®
5\
2 osd _
2 - "
[1}]
w 5\
£ \
[=]
L 044 -
=
K]
!
s - |
o 0.3
o
[1)]
>
o 0.27 -
ol
C
o
= 0.17 -
0.0 - -

Forest Pasture

Release Landscape

Fig. 3. Plot of the mean relative proportion (proportion of
displaced individuals reobserved divided by the proportion of
control individuals rcobserved) of C. aequabilis individuals
rcobserved according 1o SEX and RELEASE habital. The inter-
action term of SEX x RELEASE X DISPLACE was significant
(P(7?) = 0.015). For example, males (filled circles) were reob-
served in higher relative proporuions when released in forest
landscapes as compared to pasture landscapes.

OITKON R3] (1)

animals. We were mterested in determining the poten-
tial for hroad-scale movements of damselflies among
streams separated by forest or pasture habitat. We
performed experiments over a distunce comparahle (o
inter-strcam  distinees, thus minimizing the exient o
which we were required lo extrapelale our findings
across spaltal scales.

Tnformation gleaned from such an approach would
add much o predictive models of population persis-
tence or distributions (c.g. Schippers et al. 1996). In
some systems such information may be less critical (e.g.
Hanski 1994), but in others this kind of connectivity
may largely be defined by subtle interactions between
animal behavior and landscape structure that could
only be revealed by such spatially explicit empirical
techniques (Merriam 1991, Wiens 1997). We suggesi
that this experimental design could be applied in other
similar systems, to further our understanding of the
fundamental concept of landscape connectivity. Select-
ing species and individuals for particular life-history
traits or behavioral characters (as we have here) will
provide a better mechanistic undersianding of land-
scape structure and its relationship o animal move-
ments {Wiens et al. 1993),
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