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ABSTRACT

The Puerto Rican Nightj@aprimulgus noctitherus a single-island endemic species
more commonly found in coastal dry and lower moatmests of southwestern Puerto Rico.
The nightjar is currently listed by the Puerto Ridepartment of Natural and Environmental
Resources (DNER), the U.S. Fish and Wildlife Sex\({ieWS), and the International Union for
Conservation of Nature (IUCN) as endangered throughs range. Nightjars are common in
the regions of Susua-Maricao and Guanica-Guayartlawever, over the last decade a number
of locality records have been obtained for the fiaghranging from Cabo Rojo to the west to

Guayama in the east.

We selected sites throughout southern Puerto Ridaiaed recordings of singing
nightjars to determine presence or absente.randomly located 55 survey points in 18
municipalities across southern Puerto Rico. Supagts were placed in areas of predicted
nightjar habitat. After collecting appropriate higr data (repeated surveys of landscape units)
we used a single-species and single-season ocgupatel to assess nightjar presence and
identify important sites across southern Puert@mRWe used Program PRESENCE 2.2 to
estimate the proportion of area occupied, or sityildne probability a site was occupied by
nightjars. Nightjar presence was detected in 1850plots, encompassing 12 of 18
municipalities. Nightjars were detected in a numiddocalities of south-central and
southeastern Puerto Rico. Probability of patchupaacy was 0.33 and detection probability
was 1.0. Government agencies and conservatiomizggeons on the island must intensify their
efforts to insure protection of nightjar habitafirivately owned lands. Further research is
required to develop improved estimates of nighdf@upancy as well as generate current

estimates of spatial distribution and area of npaghtabitat under private ownership.
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INTRODUCTION

The Puerto Rican Nightj@aprimulgus noctitherysereafter termed nightjar, was first
described from a previously misidentified skin eoted in Bayamdn near San Juan in 1888, a
collection of sub-fossil bones from caves in thasnkarst forest region of Morovis, and a
record of a bird seen in a small tract of forestrriieio Piedras in 1911 (Wetmore 1919, 1922,
1927). Therefore, all of the initial locality imfmation for the nightjar was from the northern
moist karst forest region of the island. Howevellpwing these initial records the species went
unrecorded for many years and was presumed eXxbactforth 1936) following the introduction

of the small Indian mongoosterpestes javanicuaround 1877 (Vilella and Zwank 1993).

In 1961 the species was rediscovered in GuanicasEa coastal dry karst forest reserve
62 Km to the southwest of the last recorded sighfi@ years earlier (Reynard 1962). The long
period of presumed extinction on an island whostama was considered thoroughly surveyed
and limited range, led to the species being listedndangered in 1968 by the U.S. Fish and
Wildlife Service, the International Union for the@servation of Nature, and the Puerto Rico

Department of Natural and Environmental Resourbéaz 1983, BirdLife International 2004).

The first detailed study on the species was cardiuitom 1969 to 1971 by Kepler and
Kepler (1973) . They recorded call counts alongdiwidth transects in Guanica Forest. In
addition, they searched for the bird throughoutlswestern Puerto Rico and other parts of the
island. They found nightjars in the Susta Foradtia the dry forests of the Guayanilla hills
(Kepler and Kepler 1973). On the basis of theiwvey data, they estimated a total of 450-500
breeding pairs were distributed over 3,200 haé@uanica, Susua, and Guayanilla region.

Following the Kepler's surveys, yearly nightjar otaialong a few selected routes were
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conducted in the Guénica Forest. Abundance oftjaighvaried little from those obtained earlier

by the Keplers' along the same routes (Wiley 1985).

A more extensive study on geographic distribuiod abundance of the nightjar was
conducted during 1985-1992 in an expanded numblecafities across southwest Puerto Rico.
This study also included searches in historicaitatbn the moist karst forest of north-central
Puerto Rico (Vilella and Zwank 1993). No relictguations were found in the northern moist
karst forest region of the island. Nightjars wirend in three main areas located in coastal dry
forest and lower cordillera forest of southwesteuerto Rico. Approximately 1,400 — 2,000
individuals were estimated to occur in 9,839 haritisted among three separate areas. These
included; Susua-Maricao, Guanica-Yauco, and Gudgapenuelas. This study also reported
the first nightjar records in the Parguera Hillsl @ierra Bermeja, located on the southwestern

tip of Puerto Rico (Vilella and Zwank 1993).

Following the study by Vilella and Zwank (1993) ydittle research was conducted
either on geographic distribution of the nightjaioa updating population estimates. Nightjars
were surveyed in the region of Sierra Bermeja du#i®03-2005 as part of the Important Bird
Areas (IBA) program. Approximately 14-16 nightjavere heard in the forested portions of the
western hills of Sierra Bermeja (Aukema et al. 2008owever to date, no systematic approach
to assess nightjar distribution has been implenteortethe island. Reports of new locality
records, however, have sporadically been provigeithd increasing number of resident birders
on the island, a group well organized and represeby the Puerto Rico Ornithological Society
(SOPI). Also, a limited number of new locality oeds have been obtained through the Puerto

Rico Breeding Bird Atlaswyww.avesdepuertorico.org/atlas.hyml
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Estimation of abundance for animal populations ives two basic issues. First, the
researcher is often interested in areas that #fieisntly large that ground surveys cannot be
conducted over the entire area of interest. I sitoiations, investigators must select a sample
of locations to survey, and the selection mustdelacted in a manner that permits inference
about the entire area of interest, and thus albeuoications not sampled. The second problem
in animal abundance estimation involves detectgbiir the idea that animal survey methods
seldom detect all animals present in any surveyea @ sample unit. Instead, animal survey
methods involve collecting some sort of count statj and the researcher must then develop an
estimator for the probability that an animal préserthe area of interest appears in the count
statistic. This probability also can be viewedlesexpected proportion of the animals present

that is actually detected (Thompson et al. 1998;c6a et al. 2001).

We believe a presence-absence approach is partycusgeful to sample a cryptic species
like the nightjar over a wide geographic area, saskhe southern coast of Puerto Rico.
Presence-absence data can be useful to wildlifegeas in a wide variety of contexts, from
monitoring populations at large spatial scalegsleémtifying habitats that are of high value to
specific species of conservation concgMacKenzie and Royle 2005However, a key issue is
that a species may be declared “absent” from aslzaqk unit simply as a result of not detecting
the species using the prescribed sampling metAdaseffect of this imperfect detection is that
parameter estimates will be biased, and any maglefithe data provides a description of the
surveyors’ ability tdind the species on the landscape, not where the spgoieshe landscape
(Mackenzie 2005). The reliability of purported égence-absence” data for making sound

management decisions and valid scientific conchssmould therefore be questioned. In this



study, ar objective was to conduct a rapid assessmenghbfjar geographic distribution and
use a single-season occupancy modeling approaadséass nightjar presence and identify

important sites across southern Puerto Rico.

METHODS

We developed a Geographic Information System fragitad USGS topographic
guadrangle maps of the region, updated infrareidlggrotography, and landcover spatial
databases from the Puerto Rico GAP Analysis (Geukld. 2007). We selected the location of
survey sites using the results of a landscape dtahittability model from our ongoing research.
We randomly positioned survey points within thediceed habitat areas for the nightjar. We
also documented whether survey points occurredmiteas identified either as DNER
conservation priority sites, Important Bird Areashightjar habitat predicted by the Puerto Rico

GAP Analysis (Garcia et al. 2005, Gould et al. 2007

We surveyed 55 circular plots of 130 m radius fightjars across southern Puerto Rico
during 20 April - 12 May, 2009. This period coides with the peak of the nightjar’s breeding
season, and consequently, the time of the year wizdes are most vocal (Vilella 1995). Survey
plots were at least 200m from each other. Coordimdbrmation was recorded using a GPS
receiver (Trimble Geo-Explorer Ill). Each selecteda was visited to determine current
vegetative status and access. We surveyed eacthpde times during dawn and dusk hours.

Surveys were completed during clear nights to redoituence of weather on calling males.

We conducted our surveys by arriving at the pourtray crepuscular hours, waiting for 5

minutes before using a playback recorder to bragidraightjar song for 1 minute, then
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surveyed for 2 minutes. Each survey was repedted20 minutes. We recorded presence or
absence of nightjars during each survey. We usagr@m PRESENCE version 2.2 (Hines
2006) to analyze survey data and determine siregees occupancy estimates for 2009. We
used the three sampling occasions at each of & tsitmodel nightjar detection probability and
estimate occupancy for the surveyed area. To medehassumptions of population closure, we
restricted our study to 23 days during the heidlthe breeding season. Assumptions of the
model include; 1) species of interest is identiftedrectly (no false detections), 2) occupancy
did not change over the survey season, 3) probabilioccupancy was constant across sites, 4)
detection probability was constant for all sited anrveys, and, 5) detection histories at each

location were independent (MacKenzie et al. 2006).

RESULTS

We located survey points across 18 municipalitfesoathern Puerto Rico (Fig. 1).
Survey point locations were outside protected andase nightjars have been previously known
to occur (Vilella and Zwank 1993, Delannoy 200%hese included a wide diversity of
landscapes, from relatively well preserved areasrypforest, regenerating forest, to areas
greatly modified by agriculture or urban developtn@rable 1). Some of our survey points were
also located in areas of moist forest or ripar@ae$t; as such they did not include any nightjar
habitat. Nevertheless, it should be noted all syipoints were located in privately owned lands
without any protection status. We detected nightija 12 of these 18 municipalities (Fig. 2).
Nightjars were more commonly absent in points ledagither on highly disturbed sites or in

forested areas that do not represent suitablediabiich as riparian forest (Vilella 2008).
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Conversely, nightjars were most commonly presesumey points located within areas of
secondary or mature forest cover, regardless df lse in the surrounding areas (e.g., grazing,

agriculture, low density housing).

We detected nightjars in 18 of 55 plots for a na@igeupancy estimate of 0.33 (+0.06).
Nightjar detection probability was 1.0. Therefovar results of a single-season occupancy
model indicated 33% of survey points were occupiedightjars (Table 2). We considered two
simple models; in each case occupancy probabily assumed to be constant for all plots)
and detection probability was either constant))p ¢r detection probability varied by survey
(p(s)). Estimates of nightjar occupancy and asgedistandard errors were similar regardless of

the detection probability model structure.

DISCUSSION

Our results suggest use of a patch occupancy agipreas an adequate method to assess
geographic distribution of the nightjar and allonesdimating variables of interest with
precision, including the probability a given sitaswoccupied by nightjars and nightjar detection
probability. Also, we believe that our ability tomplete all the surveys in a relatively short
amount of time insured we met model assumptiomaehapopulation closure during the

sampling window (MacKenzie et al. 2006).

Our modeling results indicated 33% of survey powse occupied by nightjars.
Detection probability for the nightjar was 1.0. iImeans survey sites where nightjars were
detected on the first visit, had nightjar detectiom the subsequent two visits. Conversely, sites

where nightjars were not detected had no furthezatiens in any subsequent survey. This may
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be related to stand-specific habitat requiremehtseonightjar as well as their documented site
fidelity (Vilella 1995). However, in terms of mdaoring, these results suggest that if a site is
sampled during the time of the year when malesmagt active (i.e., breeding season) and given
the right weather conditions, any male nightjaispre at a site should respond to the playback
recording, and consequently be detected. On thex btand, further research is required to verify
our results on nightjar detection probability aglhae explore more complex models that

incorporate habitat and landscape-level covarigfiesKenzie et al. 2006).

Our results provide evidence patch occupancy moglehay be a viable alternative for
obtaining population statistics of importance fonservation of the nightjar. A more extensive
research project incorporating multiple-season siagpand covariates of landscape and habitat
importance may help provide important informationtbe status of both nightjar populations

and their habitat. For example, a statistic ofontignce would be estimating the probability that

a site may actually be occupied given that night@e not detecte@(ondp. This conditional
probability can be obtained from the model assurncmgstant occupancy and detection

probabilities ( (.) p(.)) and formulas provided in MacKenzie et(2D06).

Nightjar presence was recorded over a broad regfisouthern Puerto Rico (Fig. 1).
Based on our results and location information oi@diover the last few years it appears the
geographic range of the species may be considedifldyent from what had been previously
estimated. Vilella and Zwank (1993) estimatedgbegraphic distribution of the nightjar
encompassed approximately 10,000 ha centered wothibwestern region of the island. The
authors reported nightjar range as bounded by tisé&5and Maricao forest reserves to the north,

the region of Ensenada on the western boundari€siéhica Forest to the west, and the
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Guayanilla-Pefiuelas Hills just west of the cityénce. At present, while there is no available
information on the total amount of area presentigupied by nightjars, our results suggest the
proportion of the species’ range outside proteareas could be considerably greater than the

approximately 4,583 ha (47% of total range) regblte Vilella and Zwank (1993).

Furthermore, with the exception of the small dme&t reserve 230 ha) owned by the
Puerto Rico Conservation Trust (PRCT) in the regibthe Guayanilla Hills, no protected areas
exist in this important portion of the eastern f the species. A number of nightjar
detections were obtained in several municipal#gast of the city of Ponce. These included
Juana Diaz, Coamo, Salinas, and Guayama (Figl't®dse municipalities are experiencing
increasing deforestation from urban and suburbaeldpment (Parés-Ramos et al. 2008). At
present, no protected areas of upland dry forast gxany municipality east of Guayanilla. The
only existing protected areas are coastal estuagosystems. Moreover, sites were nightjar
presence was detected in the south-central mufitegaof the island were characterized by a
high degree of habitat disturbance, and includeallsisolated forest fragments frequently
surrounded by pastures or housing developmentesEolearing was ongoing in the vicinity of

several of the easternmost sites as we were cangduair surveys.

One clear implication of our results is that selsitas in the south-central and
southeastern region of the island where nightjas@nce was detected have not been
incorporated in any of the major conservation piagmefforts of Puerto Rico. As such, these
sites have not been included either as DNER pyigohservation areas, nor have they been
recognized as representing IBAs (Fig. 3). This @y consequence of the high degree of

fragmentation in this region of the southern cdgstan of the island. However, the importance
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of small reserves as habitat refugia for specieontern (i.e., nightjar) as well as their
restoration potential should not be overlooked {&h#95). We recommend nightjar occupied
sites in the south-central and southeastern partibithe species’ range should be assessed for

their conservation potential (Fig. 3).

The landscape of Puerto Rico is changing rapidipsequently there is an urgent need to
expand the network of protected areas, particulartite coastal plain (Gould et al. 2007). The
amount of terrestrial protected areas in Puerto Represents about 7.6% of the total land area
(Puerto Rico and satellite islands) which is betbe/regional average for the Caribbean and
Central America (World Resources Institute 200Bjesently, the most urgent conservation need

for nightjars within privately owned land is habitequisition.

However, it should be recognized that many priyabeined areas where nightjars occur
may never be acquired for protection either by gowvent agencies or non-governmental
organizations (NGOs). Consequently, provisionsughbe taken to mitigate the impacts of
disturbance to nightjar habitat in areas that kki#ly remain under private ownership. Presently
available programs for private lands (e.g., USFvd8riers for Wildlife) that provide incentives
for landowners and promote habitat conservationragtbration (i.e., reforestation) practices
should be strongly encouraged (CEDES 2007). Laed that result in forest clearing, namely
urban development, should be discouraged and/amizied. Cooperation between private
landowners, government agencies, and NGOs sucbBs&hd the PRCT will be essential to

insure the spatial continuity and habitat integatyhe nightjar’s geographic distribution.
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Puerto Rican nightjar occupancy survey points
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Figure 1. Location of nightjar survey points agresuthern Puerto Rico. Numbers correspond

to locations described in Table 1.
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Puerto Rican Nightjar Survey Distribution
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Figure 2. Municipalities of southern Puerto Riclbere nightjar presence was located.
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Puerto Rican Nightjar occupancy survey points, Areas with conservation priorities, and IBA's
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Figure 3. Location of 2009 nightjar survey poimselation to current distribution of the DNER

conservation priority areas and the Important RBirdas of Puerto Rico.
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Table 1. Location and habitat description of perveyed for nightjar occupancy across southaemt® Rico, April-May 2009 'Status: 1=present, O=absent;
’DNER Priority Conservation Area: 1=yes, O=fimportant Bird Area (IBA): 1=yes, 0=no.

Point
0

w NP

© 00 N o o b

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Municipality
Juana Diaz
Ponce
Guayama
Guénica
Guayanilla
Lajas

Coamo
Pefiuelas

San German
Sabana Grande
San German
Guanica
Coamo
Pefiuelas
Guénica
Guayanilla
Sabana Grande
Sabana Grande
Yabucoa
Humacao
Santa Isabel
Lajas

Lajas

Cabo Rojo
Cabo Rojo

Sector

Tijeras
Cafas
Caimital

Susua Baja

Magas

Costa

Santa Catalina
Encarnacion
Sabana Eneas
Tabonuco
Minillas
Cienaga

Santa Catalina
Encarnacion
Cienaga

Cedro
Tabonuco
Rincén

Playa

Candelero Abajo
Boca Velazquez

Palmarejo

Parguera
Boquerén

Pedernales

Status

DNER Priority 2
1

I

0

o

o

=
o P F

IBA3

Latitude
0 18°3'42.25"N
0 18°2'9.26"N
0 17°59'18.15"N
0 17°59'29.22"N

0 18°1'40.19"N
0 17°59'33.80" N
0 18°7'234"N
0 17°59'48.53" N
0 18°4'29.80"N
1 18°6'58.71"N
0 18°3'17.M2"
0 17°59'37.17"N
0 18°6'26.52"N
0 17°59'13.72"N
0 17°59'2591"N
0 18°1'55.80"N
1 18°6'33.18"N
1 18°6'4.32"N
0 18°3'56.86"N
0 18°4'29.95"N
0 18°0'33R9"
1 17°59'23.88"N
1 17°59'10.14"N
1 18°0'4.58"N
0 18°2'51.65"N

Longitude
6642" W
66° 39' 16.52" W
66° 643W
661837" W

66° 4663 W
66° 58' 29\a1"
662936" W
@3614.56" W
5'68°18" W
566E.45" W
66° 59'41.31" W
66° 80U W
§61@.41" W
46630.74" W
66° 35Y&E W
66° 4976 W
5562.01" W
663&65" W
65°48'a7V8
° 48531.14" W
66° 24' 26.37" W
67° 4AT1W
67° 310W
67%66013" W
6%0.92" W

No. Nightjars
1

0

1
2

3

0

0
3
0
0

2

3

1
1

3
2

2

0

0

3

2

2
0

0
0

Notes
Forested hills.

Disturbed forest with hame
Forested area south of town.

Adjacent to Guéanica Forest.

Nightjars can be heard all along dirt road.
Habitat similar to GuéaiForest, dense forest.
No habitat
Large forest fragment.
Area dominabgdmoist forest.
Moist forest nightjar habitat.
Grazing area, nightjars ohtielyond point.
Hill with good forest cover.
One nightjar >300m.
Near correction center, great focester.
Hill with good forest cover.
Within PRCT property.
Moist forest habitat.
Houses nearby, survey point in forgsiepe.
Heavily urbanized.
Near the evahouses all around.
Grassgaa no forest.
Good area, planned development
Good area, planned development
Hill with forest cover near cattle & ATivails.

Secondary forest
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54

Cabo Rojo
Mayaguez
Mayaguez
Cabo Rojo
Lajas

Lajas

Sabana Grande
Sabana Grande
Ponce

Ponce

Juana Diaz
Lajas

San German
Lajas

Coamo

Sabana Grande
Sabana Grande
Guayanilla
Lajas

Ponce

Juana Diaz
Coamo

Santa Isabel
Salinas

Salinas
Guayama
Naguabo
Fajardo

Salinas

Salinas

Guanajibo
Juan Alfonso
Quebrada Grande
Guanajibo
Llanos
Llanos

Santana

Rincén
Cafias
Cafas

Rio Cafias Arriba
Lajas Arriba

Cain Bajo
Costa
Los Llanos

Torre

Torre
Quebradas
Costa
Cafas

Rio Cafias Arriba
Pedro Garcia
Jauca 2
Quebrada Yeguas
Quebrada Yeguas
Pozo Hondo
Santiago y Lima
Cabezas
Rio Jueyes

Lapa

[
b B, O © B

=, O O

o
o o r © o

r O O O

0
0
0
0
1
1
1
1
0
0
0

o o ©

o © o o

0

18°9'42.29"N
18°11'1.41"N

673D009" W
BB2.57" W

18°10'50.14" N 67°6'14.08" W

18° 7' 23.07" N
17°59'56.53" N
18°0'4.20" N

18°6'18.64" N

18°6'25.35" N
18°2'43.24" N
18°2'29.37" N

18° 3' 34\89"
18°3'22.21"N

18°6'7.45" N
17°59'38.31" N
18°2'48.18" N

18°3'0.87" N
18°3'0.05" N
18°2'1.89"N

17°59'19.66" N

17°58'36.31" N

18° 3' 43\v6"

18°7'30.83" N

18°0'46.21" N
18°2'17.42" N
18°2'39.60" N

18°0'16.16" N

18°11'0.66" N

18°21'20.46" N

18°1'7.30" N
18°2'51.35" N

634840" W
67° 6' 29\B4
67°6'7.95" W
56@5.21" W

662H25" W

66° 40" 29/63"

66° 40' 390"

66° 26' 5.05" W

6748:44" W

6423B1" W
67° 0" 42\82"
66° 243¢" W

663550" W

664%25" W

66388B9" W
66° 59' 30W3

66° 41' 34\25

66° 27' 15.53" W
661232" W
6638.94" W

°16%42.59" W

°16634.13" W
665265" W

°&53.74" W

65°G98 W

66499'9" W
66° 15' 5288
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0 Regenerating forest (<20 years old)

0
0
0

o © o o

N

Hills with fared slopes.

Hills witbrested slopes.

Small forest fnagnts, extensive urbanization.

Small fragment, ongoing deforestation.
Small fragment, ongoing deforestation.
Forested hill, many nightjars.

Moist forest.
One nightjar >300m.
Next to water plant, good forest cover.
Many nightjars, heavily forested.

Moist forest, nigitjar habitat.

Cleared area.

Forested hill similar@uéanica Forest.

Poor access, Idtgahicle noise.
Similar to Susta. Nightjars far.
Similar to Susua, 1 nightjar south oifp.
Similar to Guanica, singing on hillside.

Similar to Guéanica, giimg on top of hill.
Near new housing development.
Forested hilltop.

Moist forest area

Riparian forest.
Forested area, nightjars >300m west.
Nightjars north of point.
Forested hill, similar to Parguera $ill

Much tragttld vegetation.

No habitat.

Nightjars on hill west of point.

Similar to Guanica Forest, nightjars hillseaf point.



Table 2. Summary of nightjar occupancy model tesefl point surveys (n=55) across southern PWRito, April-May 2009.
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Model AlC AIC ¥ SE @)
Op ) 73.54 0 38 0.063
) p(s) 77.55 4 39 0.063

Models were ranked in terms of Akaike’s Informati@nterion (AIC). Results include relative diffeiee in AIC values (AIC) and

estimates of occupancyﬂﬁ | with standard error (S@O).
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