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is consistent with Kontogiannis’ (1967) finding that captive birds of this species showed 
maximum rate of increase in mass during the first 2.5 hours of the day. 

Black-capped Chickadee-RWR, the dominant female, gained, on average, nearly twice as 
much mass over the course of the day in comparison to the dominant male RBR (1.08g vs 
0.62 g, representing an average daily change of 9.6% vs 5.6%). RBR exhibited the smallest 
daily amplitude of mass variation, suggesting that being the dominant male may facilitate 
energy conservation in roosting. 
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Detectability and population density of Scaly-naped Pigeons before and after Hur- 
ricane Hugo in Puerto Rico and Vieques Island.-Detectability and density of Scaly- 
naped Pigeons before and after Hurricane Hugo hit northeastern Puerto Rico with sustained 
winds of 30-40 m/s (gusting from 50-60 m/s) on 18 September 1989 (see Boose et al. 
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1994). With the exception of some protected vegetation pockets, forest habitats along the 
coastline and in the mountains were devastated. Unprotected forests were completely 
stripped of leaves and fruits. As a result, some canopy and ground-dwelling frugivore/ 
seedeater bird populations were severely impacted both directly and indirectly by the hur- 
ricane (Waide 1991; but also see Askins and Ewert 1991, Wauer and Wunderle 1992, Wiley 
and Wunderle 1993). This large-scale perturbation provided the opportunity of studying the 
resiliency of columbid populations under prolonged environmental stress (e.g., cover and 
food limitations). 

Elsewhere I reported that Puerto Rican columbid populations sampled in September and 
October 1989 did not differ significantly from those sampled during the same time in 1986- 
87, and that increased detectability following the hurricane may have biased the counts since 
individuals and flocks were more visible when searching for food and cover in less affected 
areas (Rivera-Milan 1990a). 

Here I provide data on the status of Scaly-naped Pigeon (Columba squamosa) nesting 
populations, and examine changes in the detectability and density of the species before and 
after Hurricane Hugo hit Puerto Rico and Vieques Island (198692). Roadside counts should 
be adjusted for detectability in different habitats, especially when vegetation cover condti- 
tions change drastically as a result of defoliation (Rotella and Ratti 1986, Raphael 1987). 
Moreover, roadside counts are not necessarily reliable indicators of short-term changes in 
the size and success of nesting populations at local scales (Baskett 1993, and references 
therein). Therefore, I combined fixed- and unfixed-radius point counts along secondary and 
tertiary roads and strip-transect nest-counts to assess the effect of Hurricane Hugo on Scaly- 
naped Pigeon nesting populations in Puerto Rico and on Vieques Island. 

The Scaly-naped Pigeon is an arboreal frugivore with a diverse diet (Perez-Rivera 1978). 
The species is common in mesic habitats on the Puerto Rican mainland, and in xeric habitats 
on Vieques and Culebra islands (Rivera-Milan 1990b, 1992, 1993). It is the second most 
important game species of Puerto Rico (Rivera-Milan et al. 1990), hence accurate abundance 
estimates are needed to monitor population changes and guide management actions to main- 
tain sustainable populations. 

Study sites and methods.-Pre- and post-hurricane roadside counts were conducted in 
nine 8 km routes in the wet and moist zones of the Puerto Rican mainland (September- 
October 1986-89, and May 1987-92; Fig. 1 and Table 1). In May 1991-92, three routes 
with variable lengths were sampled in the dry zone of Vieques Island (Fig. 1 and Table 1). 
Vieques Island is the largest offshore territory (167 km*) and lies 9.7 km from the Puerto 
Rican mainland (8903 kn?). 

Six permanent stations at 1.6.km intervals were sampled/route on the Puerto Rican main- 
land. Because of the length of available secondary and tertiary roads, stations were at 0.8 
km intervals on Vieques Island (four stations along road 995, six stations in Camp Garcia 
and along Road 997, and ten stations inside the Naval Base Storage Facility). Call- and 
sight-counts were conducted for three minutes at each station in Puerto Rico and on Vieques 
Island from 06:00-lo:30 AST (see Rivera-Milan 1993). 

Detectability (c) and density (8) estimates were obtained from the combination of un- 
fixed- and fixed-radius point counts (radius [r] = 60 m) at each station. Aural and visual 
detections outside the fixed area of the stations (~$2) were used as supplementary data to 
estimate a species-specific constant to approximate the distance at which detectability 
dropped to zero. Detectability was estimated as c = 1 - (1 - P)0.5/r, where P equaled the 
number of detections inside 60 m (i.e., fixed count) divided by the number of detections 
inside and outside 60 m (i.e., unfixed count). Density was estimated as fi = 3(106)N@/7r, 
where N equaled the number of detections inside 60 m. The constant lo6 was used to express 
B in km* (see Jarvinen and Vlisarren 1975, Jarvinen 1978). 
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FIG. 1. Study sites and the three major life zones on Puerto Rico and its two major 
offshore territories, Vieques and Culebra islands. 

TABLE 1 

ROUTES USED TO EVALUATE THE EFFECT OF HURRICANE HUGO ON SCALY-NAPED PIGEON 

POPULATIONS 

Locationa Habitat type 

Puerto Rico 

Cidra 
Luquillo 
Barranquitas 
Ciales 

Cayey 
Cayey 
Adjuntas 
Maricao 
Naguabo 

Vieques Island 

Camp Garcia and Road 997 
Road 995 
Naval Base Storage Facility 

Moist montane forest 
Rain forest 
Wet montane forest 
Wet montane forest 
Wet montane forest 
Wet montane forest 
Wet montane forest 
Wet montane forest 
Rain forest and wet 

montane forest 

Dry coastal forest 
Dry interior forest 
Dry coastal forest 

'See Fig. I 





SHORT COMMUNICATIONS 731 

the other years (May 1988, 1990-92) did not differ significantly (Wilcoxon’s signed-rank 
tests, P > 0.05; Table 2). 

Scaly-naped Pigeons were not detected nesting on Vieques Island in May-June, 1990. 
But nesting populations rebounded to pre-hurricane levels after one year in Cidra and Cayey 
(low effect areas), and after two years on Vieques Island (high effect areas; Fig. 2A-C). 

Discussion.-Detectability (0 and density (b) estimates increased as a result of Scaly- 
naped Pigeons being more visible when dispersing from high to low effect areas in search 
of cover and food. In Sept.-Oct. 1989, I observed 50-75 Scaly-naped Pigeons feeding at 
ground-level on fallen seagrapes (Coccoloba uviferu) on Culebra Island. Similarly, I ob- 
served flocks of 10-25 pigeons feeding on fallen fruits of yellow prickly-ash (Zanthoxylum 
monophyllum) and shortleaf fig (Ficus Zaevigatu) on Vieques Island. I did not observe Scaly- 
naped Pigeons feeding on the ground on the Puerto Rican mainland; but flocks of 10-20 
pigeons were seen feeding at canopy-level on fruits of Puerto Rican royal palm (Roystonea 
boringuena), trumpet tree (Cecropia schreberiana), and matchwood (Didymopanax moro- 
totoni). 

In Sept.-&t. 1989, I also saw flocks of 3-15 Scaly-naped Pigeons flying from Culebra 
and Vieques islands to the northeastern corner of the Puerto Rican mainland. From 1986- 
92, I did not observe Scaly-naped Pigeons moving from Puerto Rico to Culebra or Vieques 
islands. They were seen moving from Vieques Island to Puerto Rico before Hurricane Hugo, 
but mostly as singles or flying couples; their flocking behavior appeared to be more con- 
spicuous immediately after the hurricane. The increase in density in Sept.-Oct. 1989 and 
May 1990 reflected in part an increase in the detectability of Scaly-naped Pigeons moving 
from high to low effect areas in Puerto Rico and on Vieques Island. That pigeons from 
Culebra and Vieques islands dispersed to Puerto Rico after the hurricane mainly in search 
of food and cover is supported by the lack of nesting activity found in May-June 1990 (the 
peak of the nesting season; Rivera-Miliin 1990b) on Vieques Island. Nesting populations 
rebounded to pre-hurricane levels after one year in low effect areas on the Puerto Rican 
mainland, and after two years in high effect areas on Vieques Island. Scaly-naped Pigeon 
populations in the moist and wet zones of the Puerto Rican mainland increased slightly 
from May-June 1987-92. The density increase detected in May 1990 was followed by an 
increase in the number of active nests of Scaly-naped Pigeons in May 1991-92 (Table 2 
and Fig. 2A-C). This appeared to be a response of the populations to a year of below 
normal reproduction (1990) in Puerto Rico and on Vieques Island. 

The combination of unfixed- and fixed-radius point counts (“simple” vs “adjusted”; 
Raphael 1987) helped to account for changes in the detectability of Scaly-naped Pigeons 
before and after Hurricane Hugo. The unfixed and fixed roadside counts of Scaly-naped 
Pigeons were probably biased high on the Puerto Rican mainland in Sept.-Oct. 1989 and 
in May 1990, and on Vieques Island in May 1991-92. Detectability was higher immediately 
after (1989-90) than before (1987-88) the hurricane, because of the drastic loss of vegetation 
cover at canopy-level and the increased visibility of dispersing and foraging Scaly-naped 
Pigeons (Wiley and Wunderle 1993; J. M. Wunderle, unpubl. data). 

Management decisions about the sustainability of nesting populations (e.g., reopening of 
the hunting season [September-November] on Vieques Island; Rivera-Milan et al. 1990) 
should be guided by standardized monitoring efforts. The combination of fixed- and unfixed- 
radius point counts along secondary and tertiary roads and strip-transect nest-counts facili- 
tated the examination of changes in the size of Scaly-naped Pigeon nesting populations at 
local scales before and after Hurricane Hugo. 
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FIG. 2. Nesting density of Scaly-naped Pigeons before and after Hurricane Hugo in Cidra 
(A), Cayey (B), and on Vieques Island (C). Numbers in parentheses correspond to the 
number of 0. l-ha strip-transects sampled before and after the hurricane. 
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