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ABSTRACT

When monitoring bats, the greatest yield in capture rate for survey effort can often

be found in riparian and lentic habitats. However, capturing bats over large bodies
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of water is usually challenging due to the logistics of deploying equipment and

UK extracting bats whilst ensuring the safety of surveyors. We present a novel technique
—the “skynet” — as one solution to this problem, allowing fast and safe deployment
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of a suspended mist net between two anchor points over open water. Preliminary
fieldwork in a Croatian scrub-dominated landscape yielded a capture of 22 bats of five

species over a 1600 m? pond. Our results demonstrate that the method is effective
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compared to a simultaneous net positioning on the bank of the same water body,
which yielded no bats. System design and recommendations for bespoke alterations,
alternative equipment options, and future investigations are presented here.
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INTRODUCTION

When undertaking mist-netting surveys for bats, some
landscapes present challenges, particularly when they are
characterised by a high degree of homogeneity among
habitats or a lack of flight corridors and overhanging
vegetation (Braun De Torrez et al. 2017). Additionally,
mist-netting in open areas can be deleteriously affected by
moonlight (Barlow 1999) and wind (Kunz & Kurta 1988), both
of which can increase the detectability of mist nets by bats
(Braun De Torrez et al. 2017). In such situations, targeted
surveys at features of ecological interest to bats (linear
features, roosting sites, riparian habitats, water bodies) can
prove to be a more effective use of time and resources with
regard to survey effort (Kunz & Kurta 1988, Barlow 1999).
A number of European species have a documented affinity
with riparian and lentic habitats, including Myotis capaccinii,
Myotis dasycneme, Myotis daubentonii, and Pipistrellus
nathusii (Dietz & Kiefer 2014). However, the use of water
bodies is not restricted to these species; all bats require
drinking water, and most bats will utilise water sources both
for drinking and foraging purposes (Korine et al. 2016) and
as movement corridors (Lintott et al. 2015). Moreover, the
availability of water is directly related to reproductive success

in insectivorous bats due to the increased requirements for
drinking by lactating females (Adams & Hayes 2008).

While riparian and lentic habitats are among the most
productive capture sites (Barlow 1999), trapping bats in
mist nets over open water is challenging (Haarsma & van
Alphen 2009, Middleton 2017) due to the logistics of access
in order to (i) position nets effectively, (ii) extract captured
bats quickly, and (iii) ensure the safety of surveyors. The
seminal work on mist net design for fieldwork (Kunz &
Kurta 1988) presents methods for the deployment of mist
nets over shallow ponds and streams accessible on foot
and suggests that larger bodies of water can be accessed
using rubber rafts. Barlow (1999) suggests the use of
tree-climbing equipment and techniques (e.g., slingshot
attached to a lightweight throwline) to mount lines upon
which nets should be suspended in woodland canopies. In
subsequent years, this work has been built on with various
innovative designs, including those reliant on what Haarsma
& van Alphen (2009) refer to as the “hoist method”. Such
methods include a square-framed net trap (Middleton
2017), a mechanical gate-like support system that relies on
a pivot system for retrieval of bats (Nelson et al. 2012), and
complex methods for trapping ducks in mist nets over fast-
flowing water (Smith et al. 2015). Systems have also been
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designed for in-situ (i.e., over-water) extraction of birds
by utilising deepwater anchors or floating rafts to support
nets (Burns et al. 1995), and also for bats utilising static
“tubing” net systems (Haarsma & van Alphen 2009). The
latter approach has advantages but is hindered by access
and safety problems as it relies on surveyors being in the
water body either on boats as recommended by Kunz &
Kurta (1988) or utilising chest waders and/or floatation
devices. For human safety reasons, such in-situ methods are
not suitable for fast-flowing or deep water, for water bodies
containing debris, sharp rocks, or populations of dangerous
animals, and those with biosecurity considerations such as
the presence of invasive species.

This study proposes a design for an over-water mist net
system (the “skynet”) utilising simple and cost-effective
equipment to create a tensioned line from which the net
can be suspended and manoeuvred, facilitating the effective
capture of bats flying over water and their quick and safe
extraction on land. This method differs from the above in
that it entirely eliminates the need for fieldworkers to enter
the water, allowing for trapping over deep or fast-flowing
water bodies (without the associated health and safety
risks) or in areas with biosecurity considerations. In addition,
a comparative assessment of the efficacy of the suspended
skynet with a simultaneously deployed terrestrial mist net
(with supplementary acoustic monitoring) was undertaken,
based on preliminary data from three surveys.

MATERIALS AND METHODS

Study site

The study site was a 45 m-diameter, 1600 m? area rural
pond in the village of Kistanje, Sibenik-Knin County, Croatia
(43.978276, 15.955261) on a plateau west of the Krka
Gorge at approximately 250 m.a.s.l. This area experiences
a hot-summer Mediterranean climate, Csa on the Képpen-
Geiger system (Peel et al. 2007), with temperatures at Knin
averaging 23 °C in July and 5 °C in January (Krka National
Park Authority 2021). Precipitation averages 1078 mm per
year, with most falling between October and February (Krka
National Park Authority 2021). The immediate surroundings
of the study site include areas of rough pasture, with the
wider landscape largely comprising rough Mediterranean
scrub (Juniperus oxycedrus, Carpinus betulus, and Quercus
cerris). Prior records of Chiroptera for this study site and
its immediate surroundings include three species (Myotis
emarginatus, Mpyotis nattereri, Pipistrellus kuhlii), which
were captured during two-hour mist-netting surveys on 10
and 13 July 2021. These surveys were done using a standard
6 x 2.4 m mist net, which was placed perpendicular to the
water’s edge. The species list for the nearby Krka National
Park comprises a total of 23 extant species comprising 19
species of Vespertilionidae, three species of Rhinolophidae,
and one species of Molossidae (Hamidovic et al. 2015), with
the majority of species records attributed to sites within
the Krka Gorge and nearby cave and mine systems (Margus
2010).

Suspended net design

The system was built around a tensioned rope that
spanned the target water body. Here we present some
guidelines to set and deploy the skynet:

1. A rope was anchored on one side over the water
with a termination knot (i.e., a bowline knot tied
around a tree), while the other end on the other
side was also terminated through a climbing belay
or descending device. Using this device, the rope
can be pulled through to remove the slack and
create a tensioned line (TL), much like a zip-line (Fig.
1a). This can be achieved in its most basic form by
simply using a carabiner and an ltalian hitch, but
the use of a specialist climbing device (Fig. 1a, 2a)
is recommended for ease of use and better tension.
Additional tension can be added to the system
utilising mechanical advantage in a 3:1 haul (Fig. 2c)
or “Z-haul” and pulling through the remaining slack.
This is especially recommended when the distance
being spanned is greater than 10 m as a tighter rope
reduces the drop in the rope when weighted by the
net and poles.

2. Once the TL was in place, the net and poles were
attached. For this trial study, two Eurocor 6 m
telescoping fishing poles (Cormoran, Grébenzell,
Germany) were used, which were extended up to a
height of 215 cm. Purpose-built telescopic poles for
mist-netting exist, such as Ecotone 3.4 m telescoping
mist net poles (Ecotone, Gdynia, Poland). However,
any sturdy support (telescopic or fixed-length)
suffices and may be used to reduce equipment costs.

3. Weights were also added to the bottom of the
poles to ensure that they hung vertically and
were less likely to be affected by wind. Whilst the
tensioned ropes and weights mitigate the effects
of wind on the skynet somewhat, the skynet is
more susceptible to wind movement than a net
attached to fixed poles, particularly if the poles
are lightweight. For this study, additional stability
was achieved by securing rocks to the base of the
poles using duct tape. However, a more permanent
weight solution could easily be fashioned. Heavier
poles (e.g., Ecotone telescopic mist net poles) would
not require weights. Notwithstanding, as with any
trapping study, the use of mist nets in moderate-to-
high winds is not recommended (Collins 2016) as it
can affect capture rates (Barlow 1999).

4. The mist net was set up using standard protocols
(Barlow 1999), with the short lengths of masking
tape being used to fix the shelves of the net in
place at desired points on the poles. Securing the
loops on the poles in this way is recommended in
order to keep them in place when tension is not
complete (i.e., during deployment and retraction
of the net). An alternative method to achieve this
is to utilise small plastic toggles on each loop. To
increase capturing efficacy whilst mitigating the risk
of drowning bats trapped in the lower pockets of
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the net (Kunz & Kurta 1988, Barlow 1999), the loop
of the lowest shelf was positioned at a minimum of
40 cm above the base of the support poles to allow
the base of the poles to be positioned as close to
the surface of the water as possible (based on test
weight objects of 50 g; when trapping in areas with
a possibility of larger bats, this may need to be
increased).

5. A series of hitches was then formed using 5-mm
guy rope, allowing the surveyors to hang the poles
vertically from the TL using carabiners (Fig. 1b, 2c).
This process could be streamlined by using poles
with an eyelet at the top through which a carabiner
could be directly attached to the TL.

6. Another rope was attached, using clove hitches, to
the top and the bottom of the pole and equalised at
a central point using a knot (Fig. 1c). In this study, an
alpine butterfly knot was used for this purpose, but
a simple overhand knot would suffice.

7. Finally, into the equalised point, a longer guy rope
was attached with a secure knot (Fig. 1d), though
another carabiner could also be used here as an
alternative. It is this rope that later allows the net
to be extended over the water and returned back to
land for the extraction of bats. This entire process
was repeated with the other pole before clipping
the poles to the TL. A carabiner was used here, but
a pulley could be added to increase the efficiency of
moving the net across the TL.

To deploy the skynet, two people are required (one
at either end of the setup in order to maintain tension).
For the retrieval and extraction of bats, three people are
recommended (one at either end of the setup and a third
to extract the bat). The net was pulled out across the water
using the guy rope on the opposite side of the water body
from where the assembly took place. Once the net was in
the desired location over the water, the guy ropes were tied
off to surrounding vegetation, rocks, stakes, or other forms
of support, to maintain the tension in the net as if it were
being used normally (Fig. 1a, 2e). When a bat was captured
in the net, the process was repeated in reverse: guy ropes
were untied, and the net was pulled back towards the shore
and the bat handler(s). Once the bat was removed, the net
was reset across the water following the same steps above.
The process of retrieval and re-deployment in this study
took less than two minutes (plus extraction time), although
the time required would be variable with different lengths
of net and rope. A full list of equipment required for the
deployment of the suspended skynet is presented in Table 1.

Field test survey design

In order to perform a preliminary assessment of the
efficacy of the suspended skynet compared with a land-
based standard net, a total of four mist-netting surveys
were undertaken between 27 July and 3 August 2021.
Surveys commenced at sunset and lasted for three hours,
with equipment deployment consisting of two 6 x 2.4 m
monofilament Ecotone mist nets: the first (the skynet)

Fig. 1 - The skynet design. A. Overview of the skynet in-situ (over-
water). B. Attachment to tension line. C. Attachment of poles to
lateral lines. D. Knotwork of lateral lines.

Fig. 2 - Photos of the skynet as trialled by the authors. A. Use of
a Petzl basic as the rope grab in a 3:1 haul system to tension the
TL. B. Petzl gri gri used to remove slack and maintain tension on
one side of the TL, attached to the tree behind via a carabiner and
nylon climbing sling. C. Knotwork attaching a pole to TL. Clove hitch
secures guy rope to pole; carabiner is clipped to TL and through a
figure-of-8 on the bight. D. Surveyors attaching a pole to tension
line. E. Suspended net in position over the pond. F. Orientation of
suspended and terrestrial nets.

Journal of Bat Research & Conservation

217

Volume 14 (1) 2021


 https://doi.org/10.14709/BarbJ.14.1.2021.17
 https://doi.org/10.14709/BarbJ.14.1.2021.17
https://doi.org/10.14709/BarbJ.14.1.2021.18

Morgan Hughes, Oliver Thomas, Anna Suvorova, Tommy Saunders, Marija Krajnovi¢, Dusan Jeli¢, Thomas Edward Martin, Danny Haelewaters

16°GEY 3 0L'6VC 3
(4938M BY1 J9A0 31 SUulrOW 19U IsIW
3llym “a°1) pauoisual Aj|nj jo0u si 18U 0093 sdooj 1au uo sa|330] 0023 adey upjse|n T piepuels Ajjesauad $2/3503
) _rm M w.um dui ..u.m> ays 1au mw?um . ‘5213803 |Ind-Bul3s 10 adey
yi uay [0 Ul SOAI9YS ) S 10 ade Supyse
sieq ay3 Suiddedsy Jo : uondQ Jad s : (1ou ww 13 39U 1SIW pJepue du S|
1eq ay3 sul 1.104 05793 T uondo v 05793 9T x 9 “8'3) 12U JS1W Jeg T 1 19U 1Siw plepuels 18U SN
9U 1siw 3y} suoddn : (su03003 ”8'3) s3jod : sajod 3uiysy 3uidoasa|s 13 19U 1SIW pJepue s9|0
13U 1slW 3y1 s} S 00'983 19U 151w 21dodsajaL L8TT3 | 1ysy sul oL C 113 13U Jsiw pJiepuels 1od
J9Y30 9y} 03 J31eM 3y} JO 3pIS yoes ysiam payoene
Quo woJj ados ay3 398 03 [nJasn aq ued 8EVED pue 3eq a28eJ01s yum 3 Suins 9q ued ySiam e YaIym  duimosyl
11 1ng AJessadau aq sAem|e J0u Aew 3 duI| MOJY] SOy 03 8uliis Jo adod ulyy
1.1 9y} wouj sajod ay3 Apoq Jo1em
puadsns 03 pasn aq OS|e ued ‘|enals1al ) ) 9Y1 JO YipIim ay3 se
JOJ puUB J93eM JIAO 33U dJAN30UBW ST0e3 (Wor) T uondo Jad sy ST0z3 (Wor) p103 A10ssad3e 31035 Al + 8uoj se 1sea| 1y "adou sedoi Ang
03 pue sajod puadsns 01 pasn Ja1awWelp Jajjews
. (19U Suey o1endoidde jou aue
2doJ Jo s3ul|s 01 S9JIAIP 303UU0D 0} 0L°€L3 0} 7X ‘4anjonad NING 05°7E3 sJauiqeJsed 91e8malds siauiqesed AJossadoe
=(09'9%x€)+TVS ... _ . S . Jaulqese)
pasn s pue 9say} woJdy 7L uo sduey BN X 5D (1T 89) As||nd pajesdajul =G x ydoea 0g'9 Jo 91eddeus aiseg 3u18814 40 Suiquiid
=X Yoea 01°LC Y1m Jauigele) Joy di]d |e3sw paien
S92IA3p JO s2d0J 309UU0D . uonda 4ad s . SUIS SUIGLIN DIEDUR Buis ewasauAp Suys
03 syutod Joyoue punoJe Suiddeim Jo4 0£°93 1 uohdo M 093 1S SUIQUIL pAEPUEIS T o uojAu y33uans-ysiH Suiquwid
a2dou 9y} uoisual AjpAnday . (o159 12394 . adou ay3 ojuo
2Jow 0} WISAS |ney T:¢ saiei|ioed 031v3 “8'9) ‘@21nap paylro0| OT's3 s dooj yissnid djduwis 1 dug ued yoiym aoinaQg qess adoy
adoJ ay3 ul Suiquijo yoou
2IA3P
uoISua} 3y} suiejulew ‘Ajisea 11 ayi jo 8V €93 T uondQ J4ad sy 87°€S 3 Jejiwis Jo 148 13 |z39d T uaym Jaquid 3uijjes e SUIDUD9SS
1IN0 puB ul U3 el 3q 03 YI.[S Y} SMO||Y y21ed 0} pash ad1naQ P g
uoisual
03 3JNdYIp 240w Ing uondo ue os|e S| oY’ €G3 = adouJ o1ne1s-1was W s + Apog Jazem jo adou
o ’ ; o' €53 T uondQ Jad sy - ’ ’ T yipim se 3uoj| se 1se3|
adou ojweuAp e s3uey 1au ay3 yoiym w Qg “8'2‘w/d g/ T3 Jo ados 3uljiasge piepuels , —opnes-lwss
1€ {J91awWelp ww 62
uo dul| pauoisud} e Suleald 1o} pasn
asodung *350) xouddy (paepueas) ¢ uondo *350) xouddy (198png) T uondo ‘ON uondiiasaq way

N @Y1 Ul S04NnJ uj S1500 djewixoldde pue ‘sjeliaiew anneusale ‘suoldiiosap Yyum ‘1auhys papuadsns ay 4oj 1si| MY - T d|qeL

Volume 14 (1) 2021

218

Journal of Bat Research & Conservation


https://doi.org/10.14709/BarbJ.14.1.2021.18
https://doi.org/10.14709/BarbJ.14.1.2021.18
https://doi.org/10.14709/BarbJ.14.1.2021.18

The skynet, a new method to capture bats over water

suspended over the water as centrally as access would allow,
and the second one (the terrestrial net) perpendicular and
adjacent to the water’s edge on the west side of the pond.
The terrestrial net was positioned to replicate the aspect
and height of the skynet as much as the topography of the
bank would allow (Fig. 2f).

This deployment equated three net hours per survey as
per Pereira et al. (2009) and Hughes et al. (2020). Nets were
monitored continuously as per Barlow (1999), so that bats
could be extracted immediately upon capture. Bats were
processed away from nets, handled and measured according
to standard methodology (Kunz 1988, Barlow 1999) and
identified using available keys (Dietz & Kiefer 2014).

To assess the efficacy of the skynet design, we also
used an EchoMeter Touch 2 Pro full-spectrum bat detector
(wildlife Acoustics, Maynard, Massachusetts, USA) for the
duration of each survey to gauge general bat activity levels.
Due to the abundance of Orthoptera in the surrounding
area, the detector was set to trigger at levels above 20
kHz. Manual analysis of acoustic recordings was done using
BatExplorer PRO software (Elekon AG, Luzern, Switzerland),
utilising reference call information (Middleton et al. 2014,
Barataud et al. 2020, Russ 2021).

RESULTS AND DISCUSSION

During the four surveys, a total of 22 individual bats of five
species in four genera were captured using the suspended
skynet: 12 Pipistrellus kuhlii, four Myotis nattereri, three
Eptesicus serotinus, two Hypsugo savii, and one Myotis
blythii. No bats were captured in the terrestrial net. The catch
at this study site over the four surveys represents 22% of the
known species assemblage of Krka National Park (Margus
2010, Hamidovic et al. 2015). Analysis of acoustic recordings
determined the presence of at least two additional species
not captured in nets (Table 2): Miniopterus schreibersii and
Rhinolophus ferrumequinum. Due to the cryptic nature
of the acoustic calls of some species groups, it is possible
that additional species were recorded in the immediate
surrounds of the study site which cannot be confirmed by
acoustic analysis. For example, M. blythii and M. myotis are
both present within Krka National Park (Margus 2010) but
cannot reliably be separated by acoustic analysis alone. As
such, calls of these species were attributed to M. blythii/
myotis (Table 2). Additionally, the 20 kHz minimum trigger
setting would have reduced the likelihood of recording some
species. For example, Nyctalus noctula and Tadarida teniotis
are high-flying, open-space foragers and are therefore
also unlikely to have been caught in our mist nets (Braun
De Torrez et al. 2017). Additionally, some species known
to be within the Krka area exhibit particularly quiet (e.g.,
Plecotus kolombatovici) or directional (e.g., Rhinolophidae)
echolocation and have a low detection rate.

Limitations and future improvements

As with many techniques, the skynet has certain
limitations, as it requires a higher degree of technical
deployment skills compared to non-suspended mist-netting
surveys, and it requires additional specialist though widely
available equipment. The requirement to retract the net

for extraction of bats and then re-deploy it affects sampling
duration. However, this is also the case for several standard
methods of mist-netting, such as the use of double-high or
triple-high mist-netting systems, which require lowering for
extraction of bats and then re-positioning. The length of time
required for retraction and re-deployment of the skynet in
this study (less than two minutes excluding extraction time)
is comparable to that of a triple-high mist net system which
also requires two people to lower/raise but is variable—
dependent on the length of net used and the length of the
supporting ropes. There are also limitations in the length
of the net that can be deployed, as the amount of tension
required to ensure that nets do not sag increases with the
length of the net. In addition, the width of the water body
suitable for deployment is determined by the amount of rope
available. Again, the tension required for the TL increases
with rope length. As a general rule, we recommend using
the skynet design with (i) anchor points no more than 50 m
apart and (ii) nets no longer than 9 m.

The general design of a suspended apparatus for
capturing bats could be modified to suspend a harp trap
over a water body. Care must be taken here to ensure that
all anchors and ropes are rated to appropriately support
the weight of the trap used. The guy rope system could also
be improved with a series of pulleys to create a continuous
loop. This would allow the movement and tensioning of the
net to be completed by a single surveyor from one side of
the water body.

Surveying bats over open water

In drier habitats, such as homogenous scrub or in karst
where water sources are rare, lotic and lentic features are
vital for bats (Blakey et al. 2018), providing not only essential
drinking water but a concentration of prey species for
insectivorous bats (Razgour et al. 2011, Korine et al. 2016,
Salvarina 2016). Bat activity is greater in lentic habitats
surrounded by an arid landscape, with the importance of
wetlands increasing with surrounding aridity (Blakey et al.
2018) and pond size (Razgour et al. 2010).

Capturing bats over open water is challenging due to
the logistics of deployment and access being prohibitive.
This is evident in the majority of studies from these habitats
relying on acoustic data (Salvarina 2016, Mas et al. 2021).
While acoustic monitoring alone can provide useful data
on species assemblages (albeit of non-cryptic species
groups) and activity levels over time, they are limited
in the breadth of data they can obtain, as behavioural
observations (e.g., whether bats are drinking, feeding, or
simply commuting) are often inconclusive (Salvarina 2016).
Capturing bats affords surveyors to identify cryptic species,
gain demographic data (sex, age class, breeding condition)
as well as morphometric data, and collect biological samples
(e.g., DNA, ectoparasites). However, even studies that focus
on mist-netting and capturing bats have their limitations.
With the majority of studies into lentic bat activity having
taken place on shorelines, there is a noted lack of studies
over the ponds themselves, likely due to the difficulty in
over-water sampling (Salvarina 2016).

Journal of Bat Research & Conservation

219

Volume 14 (1) 2021


 https://doi.org/10.14709/BarbJ.14.1.2021.17
 https://doi.org/10.14709/BarbJ.14.1.2021.17
https://doi.org/10.14709/BarbJ.14.1.2021.18

Morgan Hughes, Oliver Thomas, Anna Suvorova, Tommy Saunders, Marija Krajnovi¢, Dusan Jeli¢, Thomas Edward Martin, Danny Haelewaters

Table 2 - Summary of results of sound analysis of recordings from Kistanje, Croatia in July—August 2021.

Species / Phonic Group 23 July 2021 27 July 2021 30July 2021 3 August 2021 Total
Eptesicus serotinus? 4 1 1 0 6
Hypsugo savii? 3 3 0 2 8
Hypsugo savii/Pipistrellus kuhlii/P. nathusii 153 463 430 189 1235
Rhinolophus ferrumequinum 2 0 12 16
Myotis blythii/myotis 23 6 12 48
M. capaccinii/daubentonii 1 20 1 24
M. emarginatus/nattereri 1 6 3 16
Myotis spp.? 7 17 31 18 73
Miniopterus schreibersii/P. pygmaeus 1 6 6 31 a4
Total Bat Activity (Recordings) 195 507 500 268 1470

1 All calls within the E. serotinus/N. leisleri group were unambiguous.

2 Where this species can be reliably separated from the H. savii/P. kuhlii/P. nathusii group.
3 This group may include calls from M. bechsteinii/M. capaccinii/M. mystacinus/M. daubentonii/M. emarginatus/M. nattereri as they

cannot be separated from other Myotis spp

This study has found that the deployment of the skynet
is a demonstrably effective method to capture bats over
open water. Our preliminary (and moderate) survey effort
of six net hours (Pereira et al. 2009, Hughes et al. 2020)
yielded 22 bats representing five of the eight known species
for the study site compared with zero captures from the
simultaneously deployed terrestrial mist net. The skynet
far exceeded the capture rate and diversity for any nearby
terrestrial mist-netting stations monitored by Operation
Wallacea in 2021 for the surrounding Krka region (Martin
et al. 2021) and those of standard temperate European
woodlands (Hughes et al. 2020).

Overall, the assemblage recorded in six net hours of
survey effort (including supplementary acoustic monitoring)
represents 35% of the known assemblage of Krka National
Park. This species richness around a single, small water
body indicates the importance of standing water in karst
landscapes. Indeed, these small waterbodies may even be
more valuable resources than our results suggest, given
further species may utilise the Kistanje pond that our
methods failed to detect.

Our results highlight the value of trapping over water
utilising techniques such as the skynet. Using easily sourced
equipment, the skynet allows surveyors to safely and
effectively access potential bat trapping sites that would
otherwise be inaccessible. The applications for the skynet
are not limited to riparian or lentic habitats, or to bat
surveys—the design could easily be adapted for capturing
birds.

ACKNOWLEDGEMENTS

The authors would like to thank Mark P. Aquilina, Bernice
Hyett, and other staff and volunteers from Operation
Wallacea’s Croatia research base 2021 for assistance with
fieldwork; Lisa Nesterenko, Scott K Brown and Veronica
Cantero-Sanchez for assistance in the production of

instructional videos for the production of the skynet
schematics; and two anonymous reviewers for their helpful
and constructive comments. Thanks are also extended
to the Croatian Ministry of Environment and Energy for
providing the research permit under which these surveys
took place (KLASA: UP/1-612-07/20-48/138, URBROJ: 517-
05-1-1-20-4, 16.09.2020). D.H. acknowledges funding
from the Systematic Research Fund of the Linnean Society
of London and the Systematics Association, the National
Science Foundation (grant DEB-2127290), and the Research
Foundation — Flanders (Junior Postdoctoral Fellowship
1206620N).

REFERENCES

ADAMS, R. A. & HAYES, M. A. (2008). Water availability and
successful lactation by bats as related to climate change
in arid regions of western North America. J Anim Ecol,
77(6):  1115-1121.  https://doi.org/10.1111/j.1365-
2656.2008.01447 .x

BARATAUD, M. (2020). Acoustic ecology of european
bats: species identification, study of their habitats and
foraging behaviour. Second edition. ed.: Biotope. Paris,
France, 352 pp.

BARLOW, K. (1999). Expedition field techniques. Bats. ed.:
Royal Geographical Society with IBG. London, United
Kingdom, 69 pp.

BLAKEY, R. V., LAW, B. S., STRAKA, T. M., KINGSFORD, R. T. &
MILNE, D. J. (2018). Importance of wetlands to bats on a
dry continent: a review and meta-analysis. Hystrix, 29(1):
41-52. https://doi.org/10.4404/hystrix-00037-2017

BRAUN DE TORREZ, E. C., SAMORAY, S. T., SILAS, K. A,,
WALLRICHS, M. A., GUMBERT, M. W., OBER, H. K. &
MCCLEERY, R. A. (2017). Acoustic lure allows for capture
of a high-flying, endangered bat. Wildlife Soc B, 41(2):
322-328. https://doi.org/10.1002/wsb.778

Journal of Bat Research & Conservation

220

Volume 14 (1) 2021


https://doi.org/10.1111/j.1365-2656.2008.01447.x  
https://doi.org/10.1111/j.1365-2656.2008.01447.x  
https://doi.org/10.4404/hystrix-00037-2017
https://doi.org/10.1002/wsb.778
https://doi.org/10.14709/BarbJ.14.1.2021.18
https://doi.org/10.14709/BarbJ.14.1.2021.18
https://doi.org/10.14709/BarbJ.14.1.2021.18

The skynet, a new method to capture bats over water

BURNS, R. A., KAISER, G. W. & PRESTASH, L. M. (1995). Use
of mist nets to capture marbled murrelets over the
water. Northwestern Nat, 76(1): 106-119. https://doi.
org/10.2307/3536752

COLLINS, J. (2016). Bat surveys for professional ecologists:
good practice guidelines. 3rd edition. ed.: The Bat
Conservation Trust. London, United Kingdom, 100 pp.

DIETZ, C. & KIEFER, A. (2014). Bats of Britain and Europe.
ed.: Bloomsbury. London, United Kingdom, 398 pp.

HAARSMA, A. -J. & VAN ALPHEN, J. (2009). Tubing, an
effective technique for capturing pond bats above water.
Lutra, 52(1): 37-46.

HAMIDOVIC, D., KIPSON, M., FRESSEL, N., PRESETNIK, P.,
CORBEN, C., PUECHMAILLE, S., GLOVER, A., BARLOW, K.,
SCHOFIELD, H. & RNJAK, D. (2015). Pregled stanja istra
Z enost faune $i 8 mi § a §irega podru ¢ ja Nacionalnog
parka ,Krka“ In: zaSt i ¢enim podrucj im a prirode u
republici hrvatskoj.

HUGHES, M., BROWN, S. K., KABURU, S. S. K., MADDOCK,
S. T. & YOUNG, C. H. (2020). Advanced survey effort
required to obtain bat assemblage data in temperate
woodlands (Chiroptera). Lynx N S, 51: 41-48. https://doi.
org/10.37520/lynx.2020.004

KORINE, C., ADAMS, R., RUSSO, D., FISHER-PHELPS, M.
& JACOBS, D. (2016). Chapter 8. Bats and water:
anthropogenic alterations. Threaten global bat
populations. In: Bats in the anthropocene: conservation
of bats in a changing world. ed.: Springer. eBook, p.215-
241. https://10.1007/978-3-319-25220-9

KRKA NATIONAL PARK AUTHORITY (2021, July 29). Krka
National Park Climate.

KUNZ, T. H. (1988). Ecological and behavioural methods for
the study of bats. ed.: Smithsonian Institution Press.
Washington D. C., USA.

KUNZ, T. H. & KURTA, A. (1988). Capture methods and
holding devices. In: Ecological and behavioral methods
for the study of bats. ed.: Smithsonian Institution Press.
Washington D.C., USA, p.1-29.

LINTOTT, P. R.,, BUNNEFELD, N. & PARK, K. J. (2015).
Opportunities for improving the foraging potential of
urban waterways for bats. Biol Conserv, 191: 224-233.
https://doi.org/10.1016/j.biocon.2015.06.036

MARGUS, D. (2010). The bats of Krka national park
(biodiversity of the Krka river - volume Ill). ed.: Public
Institute of Krka National Park. Sibenik, Croatia.

MARTIN, T. E., JELIC, D., HYETT, B., HAELEWATERS, D.,
THOMAS, O., LANSLEY, T., SAUNDERS, T., MARTENS, K.,
GOVAERT, S., SUVOROVA, A, et al. (2021). Krka 2021
end of season report. Old Bolingbroke, United Kingdom:
Operation Wallacea. eBook. 19 pp.

MAS, M., FLAQUER, C., REBELO, H. & LOPEZ-BAUCELLS, A.
(2021). Bats and wetlands: synthesising gaps in current
knowledge and future opportunities for conservation.
Mammal Rev, 51(3): 369-384. https://doi.org/10.1111/
mam.12243

MIDDLETON, N., FROUD, A. & FRENCH, K. (2014). Social calls
of the bats of Britain and Ireland. ed.: Exeter, Pelagic
Publishing, United Kingdom. eBook, 200 pp.

MIDDLETON, N. (2017). An alternative method for catching
commuting and foraging bats over water. Scottish Bats,
7:1-6.

NELSON, J., BARNHART, P. & GILLAM, E. (2012). Development
of the over-water mist net support system: a novel
ecological research tool. Acta Chiropterol, 14(2): 491-
495, https://doi.org/10.3161/150811012X661792

PEEL, M. C., FINLAYSON, B. L. & MCMAHON, T. A. (2007).
Updated world map of the Kdppen-Geiger climate
classification. Hydrol Earth Syst Sc, 11: 1633-1644.
https://doi.org/10.5194/hess-11-1633-2007

PEREIRA, M. J. R., MARQUES, J. T., SANTANA, J., SANTOS,
C. D., VALSECCHI, J.,, DE QUEIROZ, H. L., BEJA, P. &
PALMEIRIM, J. M. (2009). Structuring of Amazonian
bat assemblages: the roles of flooding patterns and
floodwater nutrient load. J Anim Ecol, 78(6): 1163-1171.
https://doi.org/10.1111/j.1365-2656.2009.01591.x

RAZGOUR, 0., KORINE, C. & SALTZ, D. (2010). Pond
characteristics as determinants of species diversity and
community composition in desert bats. Anim Conserv,
13(5): 505-513. https://doi.org/10.1111/j.1469-
1795.2010.00371.x

RAZGOUR, 0., KORINE, C. & SALTZ, D. (2011). Does
interspecific competition drive patterns of habitat use
in desert bat communities? Oecologia, 167: 493-502.
https://doi.org/10.1007/s00442-011-1995-z

RUSS, J. (2021). Bat calls of Britain and Europe: a guide to
species identification. ed.: Pelagic Publishing. Exeter,
United Kingdom, 472 pp. https://doi.org/10.53061/
NLHC3923

SALVARINA, I. (2016). Review of bats’ use of aquatic habitats.
Mammal Rev, 46(2): 131-143. https://doi.org/10.1111/
mam.12059

SMITH, C. M., TRIMPER, P. G., BATE, L. J., BRODEUR, S.,
HANSEN, W. K. & ROBERT, M. (2015). A mist-net method
for capturing harlequin ducks on rivers. Wildlife Soc B,
39(2): 373-377. https://doi.org/10.1002/wsb.530

WILLIAMS, A. J. & DICKMAN, C. R. (2004). The ecology
of insectivorous bats in the Simpson Desert central
Australia: habitat use. Aust Mammal, 26(29): 205-214.
https://doi.org/10.1071/AM04205

Journal of Bat Research & Conservation

221

Volume 14 (1) 2021


https://doi.org/10.2307/3536752 
https://doi.org/10.2307/3536752 
 https://doi.org/10.37520/lynx.2020.004
 https://doi.org/10.37520/lynx.2020.004
https://10.1007/978-3-319-25220-9 
https://doi.org/10.1016/j.biocon.2015.06.036 
https://doi.org/10.1111/mam.12243
https://doi.org/10.1111/mam.12243
https://doi.org/10.3161/150811012X661792
https://doi.org/10.5194/hess-11-1633-2007
https://doi.org/10.1111/j.1365-2656.2009.01591.x
https://doi.org/10.1111/j.1469-1795.2010.00371.x
https://doi.org/10.1111/j.1469-1795.2010.00371.x
https://doi.org/10.1007/s00442-011-1995-z
https://doi.org/10.53061/NLHC3923 
https://doi.org/10.53061/NLHC3923 
https://doi.org/10.1111/mam.12059 
https://doi.org/10.1111/mam.12059 
 https://doi.org/10.1002/wsb.530
https://doi.org/10.1071/AM04205
 https://doi.org/10.14709/BarbJ.14.1.2021.17
 https://doi.org/10.14709/BarbJ.14.1.2021.17
https://doi.org/10.14709/BarbJ.14.1.2021.18

	_GoBack
	_Hlk494124618
	_Hlk60502428
	_Hlk494124507
	_Hlk66181400
	_Hlk66180010
	_Hlk65944730
	_Hlk65866358
	_Hlk67843434
	_Hlk54273781
	_GoBack
	_Hlk66804233
	_Hlk66804570
	_Hlk66808707
	_Hlk66824065
	_Hlk66811657
	_Hlk66812172
	_Hlk66812749
	_Hlk66812487
	_Hlk66815961
	_Hlk66815984
	_Hlk66806160
	_GoBack
	_Hlk58264615
	_GoBack
	_Hlk62568146
	_Hlk62567464
	_Hlk54972751
	_Hlk62570079
	_Hlk62656888
	_Hlk62652869
	_Hlk40913161
	_Hlk40859233
	_Hlk40807873
	_Hlk40807797
	_Hlk40811773
	_Hlk40810988
	_Hlk40861975
	_Hlk40882011
	_Hlk62658479
	_Hlk40862101
	_Hlk40862710
	_Hlk38303556
	_Hlk40912172
	_Hlk40912280
	_Hlk40912352
	_Hlk40912428
	_Hlk40955254
	_Hlk40955479
	_Hlk62592559
	_Hlk42379253
	_Hlk40955114
	_Hlk40981314
	_Hlk42379496
	_Hlk62660028
	_Hlk40977092
	_Hlk42380176
	_Hlk42380055
	_Hlk38213436
	_Hlk40982369
	_Hlk56610420
	_Hlk56607984
	_Hlk56608415
	_Hlk56608700
	_Hlk56609151
	_GoBack
	_Hlk64824885
	_Hlk64802346
	_Hlk64803063
	_Hlk64803459
	_Hlk64817945
	_Hlk64818090
	_Hlk64815837
	_Hlk68265405
	_Hlk64823508
	_Hlk64823912
	_Hlk64823872
	_Hlk64824496
	_Hlk75638861
	_Hlk68096120
	_Hlk68267381
	_Hlk42175754
	_Hlk425930601
	_Hlk42593220
	_Hlk425932201
	_Hlk42593644
	_Hlk42592961
	_Hlk425929611
	_Hlk42593734
	_Hlk425937341
	_Hlk55687848
	_Hlk425936781
	_Hlk42176355
	_Hlk42593192
	_Hlk425931921
	_Hlk425931561
	_Hlk42593813
	_Hlk425938131
	_GoBack
	_Hlk82161963
	OLE_LINK1
	_Hlk57110065
	_Hlk57510022
	_Hlk70867132
	_Hlk42027250
	_Hlk76633249
	_Hlk75964615
	_Hlk76633501
	ZOTERO_BREF_KMuH1GtvH8pH
	ZOTERO_BREF_VuoKPyGePFA9
	ZOTERO_BREF_IR2QMi2iPgzE
	ZOTERO_BREF_wyaMaNfuGf2t
	_GoBack
	_GoBack
	_Hlk68879576
	_Hlk68805620
	_Hlk67064770
	_Hlk68881195
	_Hlk68197251
	_Hlk68197220
	_Hlk68879765
	_Hlk68881247
	_Hlk66905952
	_Hlk68880913
	_Hlk68806602
	_Hlk68880974
	_Hlk66729654
	_Hlk66905671
	_Hlk68025197
	_Hlk66622495
	_Hlk68880846
	_Hlk68880657
	_Hlk74249255
	_Hlk74249368
	_Hlk79663370
	_Hlk68881022
	_Hlk66908201
	_Hlk67337381
	_Hlk67337504
	_GoBack
	_Hlk74669945
	_Hlk68338516
	_Hlk68336673
	_Hlk74669416
	_Hlk74669461
	_Hlk71830521
	_Hlk71830782
	_Hlk71830745
	_Hlk71830753
	_Hlk71874286
	_Hlk71874257
	_Hlk71874180
	_Hlk71874142
	_Hlk71830759
	_Hlk75268429
	_Hlk74671389
	_Hlk74751380
	_Hlk74674262
	_Hlk81157013
	_Hlk74674625
	_Hlk74674826
	_Hlk81158406
	_Hlk81159593
	_Hlk83930391
	_Hlk74674892
	_Hlk71739339
	_Hlk74675622
	OLE_LINK3
	OLE_LINK4
	OLE_LINK1
	OLE_LINK2
	_Hlk74675876
	_Hlk74675932
	_Hlk81162750
	_Hlk74676293
	_Hlk74676723
	_Hlk74676774
	_Hlk81165720
	_Hlk74676833
	_Hlk81169147
	_Hlk74676888
	_Hlk74677070
	_Hlk71978841
	_Hlk75273831
	_GoBack

