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lntroduction

Remote photography has been uscd increasingly
to record behav ior of bids at their nests (McQuillen
and Brcwer 2000). Recent advances with time-
lapse video recording systems have made remote
videography an ideal technique forrecording avian
behavior (Booms and Fuller 2003c). If the spe-
cies of interest is sensitive to disturbance. cam-
cras can be placed so that recording equipment
and the power source are well away from the ncst
(Kdstan et al. 1996. Delaney et al. 1998, Booms
and Fuller 2003b). By using remote videography
to lccord nesting behavior, somc of the same in-
formation available by direct observation is ob-
r r ined u  i thour  .  ons iderab le  ,  'hsen er  t ime 'pcn t
at each nest (Poole and Boag l9llll, Rosenberg
and Cooper 1990). Videotape is analyzed later to
extract desired intbrmation. and the researcher
can view the permanent video record of nest be-
havior as many times as necessary to quantify the
behavior

There are disadvantages to remote videography.
A system (i.e., camcra. lens, recorder, and power
source) can cost thousands of dollars, which
multiplied over a large sample of nests. could be
prohibitive to some research budgets. Systems
usually include a bulky recorder and powersource,
and often therc can be mechanical ot electdcal
problems (McQuillen and Blewer 2000). hoviding
and sustaining DC electrical power to each sys-
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tem is critical fol successful operation, ye1 re-
quires heavy lead-cell batteries or solar panels
that can be burdensome to tlanspotl to remote
location. Despite these disadvantages, advances
in  v iJeo  \ )s lem lechnr '1 , )g )  con t inue tu  i tnp tore
the utility of these systems as a tool for remote
monitoring of wildlife (Cutler and Swann 1999,
Booms and Fuller 2003a).

Ecologists and managers necded information
about the diet of northem goshawks (Arcipiter
gerllillJ) in southeastAlaska. Although a year-round
description of goshawk diet was desirable, ob
scrvations of young being led at the nest was
the most cmcient way to collect large amounls
of intbrmatjon during a critical period ofgoshawk
natural history We used a video surveillance system
to monitor goshawk nests in the coastal temper-
ate rainfolest of southeast Alaska to document
and quantily thc breeding season diet of this rap-
tor, and to record behavior associated with fced-
ing at goshawk nesn. Here we describe the sys-
tem we dcveloped and uscd in the temperatc
rainforest environment, the results of this effort,
and the problems encountercd.

Methods

Study Area

We monitored northern goshawk nests on islands
of the AlexanderArchipelago and the narow strip
olmainland coastal rnountains in southcast Alaska.
The fbrests ofsoutheast Alaska arc dominated by
weslem hemlock (7.ruga heteroplty lla) tnd Sltka
sprlrce (Picea sitt herJiJ), occurring at low eleva-
dons as a mosaic with muskeg and other wetlands
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(Harris et al. 197,1). A cool and wet marit ime cli-
mate characterizes the region. Precipitation
throughout the year varics uithin the region
but can be as high as 600 cm (Farr and Hard
1987). During thc sunrmer when goshawks nest.
alr temperature ranges from 8 to l8'C, but can
drop to 6'C or lowcr. Relative humidity aver-
ages 88./c in the forcst interior (Concannon
1995). u'hich can present significant problems
with elcctronic equipment kept in thc field 1br
prolonged periods.

Video Surve lance Systems

We designcd a video surveillance system that cost
$ 2100 per unit (not including batteries and charger)
in  1098.  Each : ) \ rcnr  . , ,ns i \ red  o [  I  m in ia tu re .
color video camera (ToteVision model MX-40),
a time-lapsc video recorder (VCR; GYYR ntodel
TLC2l00), and a ponable l3 cm black and-whitc
television (TV). We equipped the camera with a
manual tbcus. auto-aperturc. 3.7 mm./ 2.0 lens,
;ind wired it into a wateryroof plastic housiog ( l5x
8x8 cm). We placed a small si l ica gel desiccant
inside this housing to absorb moisture. Power to.
and video images from, thc camera were conveyed
via a 30.5 m modified S video cable betwcen the
camera and thc VCR located at the base oI thc
nest tree. Wc housed each VCR and TV in a wa-
ter and bear-proof aluminum case and placed silica
gel desiccant insidc the housing. We used sil i-
cone se;Llant on all conncctions exposed to weather
to minimize corrosion. We powered cach svstem
with a single. dcep-cycle marine battery (12-V
DC, 105 amp hr, Group 27. 25 kg). While a single
l2-volt battery powered each system, rotation of
two batteries was required for continual opera
tion; one battery was used to powcr the system
whilc the second battery was being charged.

Belbrc camera installation, we conllmed that
nestlings had hatchcd by observing the behavior
of the adult female goshawk and tiorn evidence
beneath the nest (e.9.. Destl ing excret ). We in
stalled cameras only on warm, sunny days to
minimize thermal stress to voung goshawks. We
climbed each nest tree to a height tiom which $,e
could install the camcra. We wore a hardhat with
leather neck-guard and a heav),jacket tbr protec-
tion against aggressive adult goshawks. We con-
nected the camcra to the video cable and aimed it
down at the ncst while an assistant on the ground
dirccted placement by watching the image on the

TV. Oncc the best Iocation for the ctrmera on the
nest tlee was determined, we affixed the camera's
base to the tree using screws and then refined the
aim before locking it into place with the ball-joint
adiuste[. We aimcd the camera so that no pan of
the inte or bowl of the nest was out of vieu' as
seen on the TV nonitor and in the video image.

A coaxial cable connecting the camcra to the
VCR was staplcd to the tree after the camera was
secured in place. Wc reviewed the fiISt vidcotilpe
in the lab to ensure thc camera was not disturb-
ing the birds and that the systetr was focusccl iud
functioning corrcctly. We opemted cameras until
the young goshawks no longer used the nest af
ter flcdging, the nest failed. or the system failed.
Wc removed the entire systcm atier the young
had lcfi the nest stalrd.

The ti meJapse VCR accommodates I 3 options
lbr capturing a frame from real-time (30 framcs/
sec) to a 960 hour timelapse (0.25 franes/scc)
on a standard 2-hour VHS videotape. Each set-
ting involves a trade off between thc number of
lrame. that could he recorded of I cenirin erent
and the total number of lrames that would fit on
the videotape. For this study, we wanted manv
l r rmcs o feach prc l  de l i re r l  uh i le  n t r r im iz ing
the length between visits to change Lhc videotape.
Thercfore. each systemwas programmed to record
from -15 30 min before sunrise to -15 30 min
after sunset. We recordcd tiames at the 48-hr set-
ting (0.7 fiames/sec) at all nests except one whcre
we used the 72 br setting (0.:l fiomes/sec) because
visits here could be made only at this longer in-
terval due to site logistics. The VCR regisrered
time and date on each frame.

Routine maintenance required approaching thc
ncst tree to change the videotape and battery. The
period tbr u'hich a charged battery operated dc-
pendcd on its init ial charge and the ambient tem-
peraturc at the base of the nest tree. We did noL
climb to the camera oncc installed unless repairs
were needed.

We copied videotapes after rctrieval from the
nest site, and then stored them for viewing after
the ncsting season. We viewcd tapes using the
GYYR VCR and a 69-cm color TV This VCR
allowed thc frames to be replaycd at | 3 dilferent
speeds and could freeze each tiarne so that they
could be inspected one at a time. We viewed cach
tape to document thc total i rount of ncst time
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recorded. to identify each delivcry, and to
documented specific behaviors. We calculated the
percent of the season recorded by dividing the
total hours recorded on tape by the total daylight
hours available from hatch until $e nest failed or
the young no longer used the nest.

Results

Wc ope l r l cd  l l r c  r i , le , , :u r \c i l lanc(  \ ) \ tem\  in
southeastAlaska during cach ofthe l99Eand 1999
ncsting seasons. We installed cameras betwccn
26 May to 20 June 1998 and 29 May to l5 Junc
1999. an average of l0 days (range = I l9 days)
post-hatching (Figure l). It took 75 min (range =

30 155 min) install ing each camera in ncsts that
were 14.9 rn (range = 9.1 26.6 m) in height. The
total time we spent in the nest stand during set-
up averrged I 10 min (rrurge = 65-200 min). When
*e began to climb the nest tree, each adult fe-
male goshawk left the nest and showed aggres
sion, which varied tiorn perching in a nearby tree

and calling to repeated ll ights close to the climber
Females retumed to the nest in the canrera ficld
ol view an average of 66 min (range = 1,1 195
min) after can.reras started recording and all per
sons lefi the ncst site. No nest failures were at-
tributed to the installation or maintcnance ofthese
systems.

We recorded 5133,1 hrs on 153 tapes during an
average of 33 days (range = | 2-47 days) that the
s) \lem\ \\ere '\pcrrted. once the ne.tin! .er.L'n.
were complete, it took - ,130 hr to review all vid-
eotapes. We recorded an average of 69.3 % (range
=,1,1.2 8 3. I 7o ) of the avail abl e da1,light hours frorn
the day young hatched until nests werc no longer
used (i.e., first ll11 day with no visits by goshawks
to nests). We documented an average of 15,+ de-
liveries (range = :f2 231 deliveries) over the nest-
ling season at these nests, and we identified 93.I %
(range = 81.0 98.9 7o) of deliveries to class and
19 .lc/a Gange = 45.2 91.5 6/c) of deliveries to gc-
nus. Unidentified deliveries resultcd fron poor'
light (22Ed, bright sun (77r), blocked camera
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Figure L Ncsr use season liom harch dale ro \eren days alier Ilcdging and days monitored lvith video s rveillance sy\tems at

northern go\huwk ncsts in sourheastAlaska duing 1998 and 1999.
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(307a). fbg (27r), or because it was unidentif i-
able (39cla).

Discussion

Thc video surveil lance systems wc deployed ef-
lectively monitored nonhem gosha\\,k nests. and
we believe such syst(]nls can be adapted for many
applications in raintbrest environments. For rap-
tol.S that nest on open platfbrms, these s)'stens
can be especially uscful fbr quantifying the food
brought to the nest. and behaviors of adult and
nestling birds at the ncst. While the cost of high
quality tine-lapsc VCRS remains about 5600. othcr
components are less expensive now. Therelirre, a
system similar to ours could be assembled fbr about
$800-$ r 200.

We found it was difficult to supply a constant
source of power to the systcms. Under-charged
batteries, combined with low ambient tempera
tures at the base of thc nest tree, can cause recur-
rcnt poor battery perfbrmance. To alleviate this
problem. wc used u high-qualiq' charger, confinned
a full charge with a voltmeter beforc use, and
pefomed regular maintenance of the watcr level
in battery cclls. Insulation ofbatteries in a cooler
also helped prolong recording. Using thesc nteth-
ods, wc were able to improve perfbrmance of
batteries and, therefore. ofthc rccording systems.
Between study yea$. the number of hours recorded
at each nest increased (mean = 5 i9 hr in 1998;
mean = 648 hr in 1999), as did percent ofseason
recorded (mean = 63.5% in 19911; mean = 75.214
in  1999) .

We had other recording system problems re-
latcd to the recorded image. We improved video
images by lbcusing all camcras prior to installa
tion and by placing camcras closer to the nests in
J999 (mean =,11 cm: rangc = 22-59 cm) than in
1998 (mean = 8l cm: rangc 69-96 cm). This in
creased our abil ity to identify deliveries to class
(mean = 90.5% in 1998; mean = 95.7clc in 1999)
and ro genus (mcan = 70.6./a in 1998: mean =
81.67  in  1999) .

At times. the position of the adult blocked prey
dcliveries and feedings of young from the cam-
era. Rcgardless of the position of thc camerr at a
nest! it was not possible to eliminate all instances
whcre visibil i ty ofa prey item was partly or com,
pletely blocked by the body of an adult. How
ever, by considering the physic l attributes ofthc

nest and nest stand, and their influence on where
on the nest an adult could land with prey or feed
the  )oune.  \  e  \ \e rc  i rb lc  I , \ .e le ! l  u  c i lmerapos i
tion that mininlizcd obstruction of the view by
an adult.

The amount and qualjty of sunlight reaching
the nest werc the primary factors intluencing image
quality. and consequently, our ability to identify
delivcries. Ambient l ight at nests varicd consid-
erably with time of day, weathcr, and density of
the fbrcst canopy. Extremc contrast in lighting
greatly alfectcd image quality. Cameras achievcd
the best image on overcast days when the dilluse
Iight was evcnly distributed across the nest.

This systen provided more extenslve cover-
age than we could have gained by dilect obser-
vations. For example, observation of 20 nofthern
goshawk nests from blinds during 3 yr resulted
in 15 39 hr of nest monitoring, an average of 77.0
hrpernest (Boal 1993). Therefore. assuming rhat
setup and maintenancc of cameras was roughly
equivalcnt to that ofblinds. ard using Boal's ( 1993)
results as a reference, we wcre able to collect 7.5
times more data with lcss thitn half the effort us-
ing remote vidcography. While some infonnation
(e.g., vocalizations. behavior away lionr the nest)
was not recorded with thc video that could have
been collected fiom a blind. data most impoftant
tbr a diet study (i.e.. imagcs ofdelivered prey) was
readily availablc on the video recording.

Since we assembled this system, wircless coll-
nectors. inexpensive motion sensors, and audio
capabilities have been developed that will increase
efficacy in the field. Additional advances in tech-
no log) . .u ih  l s  rJ ig i l i r l  e lmeras .  u  i l l  con t i r ruc  tu
improve remote vidcography.

This study provides an example ofresults that
can be expected in a temperate rainforest envi-
ronment. and technical consideriitions that must
be addressed. Despite continued technological
advances. power managcment and the nunber of
systems that can bc deployed to obtain adequate
sample sizes will remain important considerations
when using rcmote camera systens. Thcre l ikely
will be technical diftlculties and other problems
ils \) slems lre lpplierl in diFfercnt cnr ironmen-
tal conditions, but we were able to minirrize the
problems we encountered. Therefore, we recom-
mend testing the systems undcr the fleld condi
tions in which they are to be used.
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