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				Tree cavity-nesting birds depend on suitable nest sites for successful reproduction. For effective conservation, it is hence crucial to understand species-specific breeding needs and species interdependencies. In the Philippines, cavity-nesting birds and their underlying nest web interactions are poorly known. We determined tree and cavity characteristics utilized by sympatric tree cavity-nesters in the lowland tropical forest of Subic Watershed Forest Reserve, Luzon, Philippines. Cavity nests of 10 bird species were found in live and dead trees belonging mostly to Parkia timoriana and Shorea contorta. Using stratified bootstrapped multinomial logistic regression modeling, we found support that cavity depth, volume and entrance area best explained the differ-ences in realized nest niches among cavity-nesting birds. Dependence on woodpecker cavities was also high (63%) among secondary cavity nesters, underscoring the impor-tance of woodpeckers within our study site. We recommend conserving both live and dead trees, with or without cavities, to support the nesting opportunities of all cavity-nesting species.

			

		

		
			
				Introduction

				A wide variety of birds, so-called tree cavity nesters, utilize holes in trees for breeding and roosting. While excavator birds, such as wood-

			

		

		
			
				peckers, can create their own cavities, obligate cavity-nesting birds that do not excavate (sec-ondary cavity nesters) depend on the availabil-ity of existing holes provided by woodpeckers (Martin et al. 2004, Monterrubio-Rico & Esca-
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				lante-Pliego 2006) or cavities formed through natural decay processes (Robles et al. 2007, Cockle et al. 2012, Ibarra et al. 2017) to success-fully reproduce. Due to this breeding require-ment and ecological trait, tree cavity-nesting birds are often constrained by the absence of available and suitable cavities (Newton 1994). To support the long-term viability of these spe-cies, it is critical to identify the specific require-ments that could influence population size and dynamics (e.g., nest site- and species-specific breeding requirements; Heinsohn et al. 2003, Bonaparte & Cockle 2017) and understand the intricate relationships and dependencies among cavity-nesting species (i.e., nest web interac-tions; Martin et al. 2004, Wiebe et al. 2020).

				The breeding requirements and preferences of a species play a crucial role in defining its niche (Holt 1987). While the fundamental niche covers the full range of conditions that a species could potentially occupy within a habitat, the realized niche is the actual ecological space a species utilizes. Multiple sympatric species with virtually similar fundamental niches (i.e., shar-ing common limiting resources) could engage in competition, thereby shaping the realized niches of each species differently. Nevertheless, species could reduce the effects of overlapping resource use by adjusting their niche breadth through partitioning, either by narrowing the niche to specialize in a specific resource, or widening to contain a broader range of conditions, even if they are suboptimal (Pianka 1974). Niche partitioning enables coexistence among species (Pianka 1974, Schoener 1974), as demonstrated by many cavity-nesting communities where sympatric species breed at different times during the year or season (Wesołowski et al. 2021) or select nest sites with microhabitat characteristics specific to their species (Poonswad 1995, Datta & Rawat 2004, Lewis et al. 2024).

				The Oriental region harbors a rich assem-blage of cavity-nesting birds, second only to the Neotropics in species richness and diversity (van der Hoek et al. 2017). Notably, the Oriental region has the highest proportion of threatened woodpeckers (Lammertink 2014) and the second highest proportion of threatened cavity-nesting birds, following Australasia (van der Hoek et al. 2017). Of greater concern, however, is the 

			

		

		
			
				scarcity of ecological data for many tropical spe-cies (Cornelius et al. 2008, Cockle et al. 2012), particularly for Asian woodpeckers (Lammertink 2014).

				Studying the nest niches of cavity-nesting birds is central to understanding how they use their habitats and why their populations are declining. This is especially important for many species in the tropical lowland forests of the Philippines, as these habitats are more vulnerable to land-use change and degradation than upland areas (Mikusinski et al. 2018, Namkhan et al. 2021). Moreover, many cavity-nesting species in the Philippines remain understudied at both the species and community levels, underscoring the need for basic research. Understanding species-specific requirements can inform forest manage-ment to enhance survival prospects, especially for the globally threatened and restricted-range species found in lowland forests.

				In this study, we aimed to 1) describe the nest niches of several tree cavity-nesting birds; 2) examine characteristics that could best explain differences in realized nest niches; 3) acquire information on cavity nest use and suc-cession, and; 4) recommend forest management measures and conservation tools that could help increase nesting opportunities and breeding suc-cess, particularly for threatened endemic spe-cies.

				Materials and methods

				Study system

				This study was conducted at the Subic Water-shed Forest Reserve (hereafter Subic), situated in the provinces of Zambales and Bataan in western Luzon Island, Philippines (Fig. 1). West-ern Luzon is characterized by tropical semi-evergreen lowland forests, with key vegetation including Dipterocarpus grandiflorus, Diptero-carpus gracilis, Shorea guiso, Anisoptera thu-rifera and Shorea contorta, the latter being the most abundant species (Fernando et al. 2008). The deciduous Parkia timoriana, Pterocymbium tinctorium and Dracontomelon dao are also abundant in the area. Wherever forest canopy is open, the undergrowth becomes dominated 
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				by lianas, thick clumps of erect Schizostachyum lumampao and climbing Dinochloa luconiae bamboos, and rattan plants.

				The Subic landscape spans elevations from sea level to 300 m a.s.l. and features rugged terrain with numerous steep volcanic plugs (Mildenstein et al. 2005). Discontinuous second-ary and closed canopy forests are interspersed with suburban and agricultural areas, as well as urban-industrial areas that are concentrated in the nearby freeport zone. Subic experiences distinct wet (June to December) and dry (Janu-ary to May) seasons resulting from the south-eastern monsoon (Corporal-Lodangco & Leslie 2017). Rainfall typically averages from less than 50 mm to 100 mm during the dry season and up to 400 mm to 800 mm during the wet season (Corporal-Lodangco & Leslie 2017). Rainfall starts to increase gradually in May and reaches its peak in August during the height of the mon-soon and typhoon season.

				Subic is home to indigenous Aeta communi-ties that engage in small-scale agriculture, tra-ditional hunting, and extraction of non-timber forest products. It was once also the site of the largest overseas US naval base, which occupied the area for three years until 1991. Approxi-mately 5000 hectares of closed canopy forests within the 6261-hectare watershed remain in 

			

		

		
			
				good condition (Española et al. 2013, BirdLife International 2024) despite the extensive damage from the 1991 Mount Pinatubo eruption and dec-ades of selective logging.

				The study system is of high biological and ecological importance having been recognized as both Important Bird Area (PH008) and Key Biodiversity Area (9708), together with the adjacent Bataan Natural Park. Subic is espe-cially important to several restricted-range and threatened cavity-nesting birds, particularly as a critical stronghold for the IUCN endangered green racquet-tail Prioniturus luconensis and near-threatened blue-naped parrot Tanygnathus lucionensis (Española et al. 2013).

				Nest search and monitoring

				Together with our local guides and volunteers, we conducted a cavity search in all trees along pre-existing and off-trail routes in Subic for one breeding season, from February to June 2022, for a total of 2090 hours of survey effort. Nest search was primarily done by inspecting trees for holes, tracking birds in flight to their pos-sible nesting sites, and by following vocalizing birds. For woodpeckers, we followed the sounds of excavation or drumming, and examined the 

			

		

		
			[image: ]
		

		
			
				Fig. 1. The study area, Subic Watershed Forest Reserve (yellow), on Luzon Island in the Philip-pines.
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				bases of trees for fallen wood chips. To deter-mine active breeding and species occupancy, we used a mobile phone camera attached to a bamboo pole to inspect the contents of cavi-ties up to 7.0 m high. For cavities above 7.0 m, we observed breeding activities for at least 1–2 hours using 8 × 32 binoculars or spotting scope. We considered a cavity occupied when: 1) nesting materials, eggs and/or nestlings were present; 2) there were multiple and repeated entries with food items in the beak; 3) birds stayed inside the cavity for long periods of time and would leave only for short periods, as in the case of parrots; 4) begging nestlings could be heard; or 5) cavity seal, fruits and seeds at the base of the tree as well as an attending mate were sighted, as in the case of hornbills. We considered each nesting attempt as an inde-pendent event following Martin et al. (2004), particularly in cases when a cavity was used by two different species in succession. This was done to acquire information and better under-standing of nest use chronology and nest web interactions. The locations of all cavity-bearing trees were recorded with a Global Positioning System (GPS) device for monitoring. Inactive cavities were monitored for occupancy from the time of discovery until the end of the breeding season. Occupied cavities, on the other hand, were monitored until fledging, so that necessary measurements could be done once the cavities had been vacated.

				Nest tree and cavity characteristics

				All tree and cavity measurements were con-ducted post-fledging. However, there were a few instances where a seemingly vacated cavity was still occupied. In these cases, we carried out the measurements as quicly as possible. After the disturbance, we observed the cavity for at least 1–2 hours to check for the continu-ity of nesting behavior. Nest abandonment was not observed at any point during the study. Nest trees were accessed using single rope (SRT) or cynch-lock climbing techniques and through a bamboo or rope ladder. To access tall snags (>7.0 to 18.0 m), we used the Tyrolean traverse, a horizontal progression technique. The recorded 

			

		

		
			
				nest tree characteristics included tree species, tree status (dead or alive) and diameter at breast height (DBH). The following cavity characteris-tics were measured using a collapsible ruler: 1) cavity opening dimensions (vertical and horizon-tal opening length); 2) horizontal depth (or the internal cavity diameter, measured from the base of the cavity opening to the innermost wall); 3) vertical depth (or the internal cavity height, measured from the ceiling to the cavity floor); and 4) depth (measured from the base of the cavity opening to the cavity floor). The volume of the cavity (cm3) was calculated using the for-mula for a cylinder (Martin et al. 2004):

				 Vcylinder = πr2h (1)

				where r = horizontal depth/2 and h = vertical depth.

				The area of the opening (cm2) was calculated using the formula for an ellipse (Martin et al. 2004):

				 Aellipse = πab (2)

				where a = horizontal opening length/2 and b = vertical opening length/2.

				Due to climbing hazards, some woodpecker-excavated cavities in dead trees and snags were not measured for cavity characteristics. For these nest sites, we visually estimated the opening dimensions from the ground. Size estimates were done when the nest occupant was perched on the rim or peeking through the cavity entrance (Marsden & Jones 1997). Estimates were then counterchecked using bird specimens from the University of the Philippines Vertebrate Museum and our data on previously measured wood-pecker cavities.

				Cavity height was measured by extending a 50-m tape measure from the base of the cavity opening to the ground. For inaccessible trees, we measured cavity height using a laser range-finder. For secondary cavity nesters, we used a five-point classification system modified from Cameron (2006) to categorize cavity types: 1) woodpecker-excavated, 2) vertical spout (i.e., trunk snapping off and exposing a cavity to the sky), 3) angled spout, 4) trunk cavity where a branch was previously attached and 5) trunk 
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				cavity with a side entrance. Nest trees were also classified according to whether they were located in high or low disturbance areas. Forest edges ≤10 m from busy roads or man-made structures or active recreational trails were defined as high disturbace areas. All other areas were defined as low disturbance.

				Data analyses

				We used the Kruskal–Wallis test to compare the differences in the distribution of tree and cavity characteristics among bird species. This test was chosen as a robust alternative for analyzing small, non-normal datasets with outliers (Sainani 2012, Jaber et al. 2017) — all key features of our dataset. Significantly different distributions were then analyzed using pairwise Mann–Whitney U Test to identify which bird pairs differed sig-nificantly per parameter. We applied Bonferroni correction to our pairwise analyses to minimize the probability of Type I error.

				We utilized an information-theoretic approach (Burnham & Anderson 2004) using 10 multinomial logistic regression models to assess differences in cavity use and whether cavity users could be predicted based on a combina-tion of tree and cavity characteristics. We used multinomial logistic regression as it allows >3 possible outcomes (i.e., the number of bird spe-cies in this study). Moreover, it is also a sounder alternative to discriminant analysis as it does not assume normality, linearity or homogeneity of variance for the predictor variables. Only data points with both tree and cavity characteristics for each target bird species (≥3 cavities) were included in the regression analyses. To improve the representativeness of the data and mitigate Type II error due to limited sample sizes, we used bootstrapping (B = 1000). Bootstrapping resamples the observed dataset randomly with replacement to estimate the distribution of an unknown population (Manly & Alberto 2020). Each bootstrap sample was then fitted with a multinomial logistic regression model. We strati-fied the sampling of training and testing data (60–40, respectively) so that each bird category was proportionately represented in the analysis. Through this approach, we were able to improve 

			

		

		
			
				the prediction accuracy of our models and sta-bilize resulting estimates of each model perfor-mance metric (Sanabila et al. 2015). Prior to analyses, we examined multicollinearity among predictor variables by calculating the variance inflation factors (VIF). Predictors with high VIF values (>10) indicate strong multicollinearity (Dormann et al. 2013) and were hence removed from our analyses to mitigate unstable estimates and overfitting in our regression models. Our multinomial logistic regression models were as follows: 1) the null model (intercept only), 2) tree model (DBH, status), 3) cavity model (cavity height, depth, entrance area, and cavity volume); 4) global model (tree + cavity model); 5–10) any combination of tree and cavity char-acteristics. We used Akaike Information Cri-terion values corrected for small sample size (AICc), averaged from all bootstrap iterations, to calculate the Akaike weights (wi) and rank the models. We performed all analyses using “nnet”, “tidyverse” and “caret” packages in R 4.3.3 (R Core Team, 2025).

				Results

				We located nests of 10 bird species in 104 cavi-ties in 97 nest trees, of which three were primary excavators and seven were secondary cavity nesters (Table 1). We found 11 nests of the Luzon flameback Chrysocolaptes haematribon, 18 of the white-bellied woodpecker Dryocopus javensis, 10 of the northern sooty woodpecker Mulleripicus funebris, 43 of the coleto Sarcops calvus, 8 of the Luzon hornbill Penelopides manillae, 6 of the blue-naped parrot Tanygnat-hus lucionensis, one of the chocolate boobook Ninox randi, one of the Luzon boobook Ninox philippensis, four of the guaiabero Bolbopsit-tacus lunulatus (n = 2 in tree cavities, n = 2 in termitaria), and four of the Philippine falconet Microhierax erythrogenys (n = 4). Of the 104 occupied cavities, only 42 were measured for cavity parameters due to safety hazards and inaccessibility. We found nest cavities in eleven species of native trees (Table 2), of which 55% (n = 57) were in Parkia timoriana (Fabaceae) and 26% (n = 27) in Shorea contorta (Diptero-carpaceae).
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				Tree and cavity characteristics

				Woodpeckers primarily excavated cavities in dead trees, except for D. javensis, which also excavated in live trees. Secondary cavity nest-ers utilized cavities in both live and dead trees (Table 2, Fig. 2A), except for P. manillae, which strictly used cavities in live trees (H = 35.2, p < 0.001, Table 3). Nest trees used by birds had DBH ranging from 17.5 to 158 cm (Table 2, Fig. 2C). We found no significant difference in DBH among species (Table 3), except between 

			

		

		
			
				C. haematribon and D. javensis (U = 39.0, p < 0.01) and C. haematribon and S. calvus (U = 82.5, p < 0.001). Nest trees of woodpeck-ers were mostly found in low disturbance areas (72–80%, Fig. 2B), in contrast to hornbill and parrot nests which were mostly in high distur-bance areas (63–67%). Disturbance, however, was not significantly different among species (H = 7.18, p = 0.30).

				Cavity characteristics varied (Table 4, Fig. 2D–G) and had significantly different distri-butions among species: cavity height (H = 30.1, 

			

		

		
			
				Table 1. Cavity-nesting guild, body mass (O’Gorman & Hone 2012), length (Allen 2020), and IUCN (https://www.iucnredlist.org/) and Philippine Red List (BMB-DENR 2020) conservation status of simultaneously breeding sym-patric birds (January-May, Billerman et al. 2022) in Subic. Cavity-nesting guilds: PE = primary excavator, SCN = secondary cavity nester. Conservation status: LC = Least Concern, NT = Near Threatened, VU = Vulnerable, CR = Critically Endangered.

					Guild	Mass (g)	Length (cm)	IUCN	Philippine

					Red List

				Chrysocolaptes haematribon	PE	164	28–32	LC	LC

				Dryocopus javensis	PE	230	40–48	LC	LC

				Mulleripicus funebris	PE	180	30–32	NT	NT

				Penelopides manillae	SCN	479	45	LC	VU

				Sarcops calvus	SCN	170	27	LC	LC

				Tanygnathus lucionensis	SCN	231	31	NT	CR

				Ninox randi	SCN	230	27–33	NT	LC

				Ninox philippensis	SCN	141	15–20	LC	LC

				Bolbopsittacus lunulatus	SCN	80	15–16.5	LC	LC

				Microhierax erythrogenys	SCN	61.5	15–18	LC	LC
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				Table 2. Characteristics of nest trees utilized by tree cavity-nesting birds, including the number (n) of trees, DBH mean ± SE and range, numbers of dead and alive trees, proportion of the nest trees located in disturbed areas and nest tree species (A = Dipterocarpus grandiflorus, B = electric post, C = Parkia timoriana, D = Shorea contorta, E = Ficus variegata, F = Pterocymbium tinctorium, G = Lagerstroemia speciosa, H = Shorea guiso, I = Octomeles sp., J = Ficus sp., K = Polyscias nodosa, L = unidentified).

					n	DBH mean (cm)	DBH range (cm)	Dead	Alive	Disturbed%	Tree species [n]

				C. haematribon	11	48.2 ± 7.29	27.4–93.9	11	0	27	A [1], B [1], C [7], D [2]

				D. javensis	18	83.9 ± 8.70	26.1–146	16	2	28	A [1], C [12], D [3], E [2]

				M. funebris	10	71.2 ± 15.5	21.6–158	10	0	20	C [6], D [4]

				P. manillae	8	65.1 ± 10.2	39.8–134	0	8	63	D [6], E [1], F [1]

				S. calvus	43	89.6 ± 5.73	17.5–156	31	12	35	B [2], C [23], D [8], E [1],

					F [1], G [1], H [1], I [1],

					J [1], K [1]

				T. lucionensis	6	91.8 ± 13.2	49.7–138	4	2	67	C [4], D [1], L [1]

				N. randi	1	28.3	-	0	1	0	C [1]

				N. philippensis	1	43.0	-	1	0	0	D [1]

				B. lunulatus	2	92.3 ± 28.6	63.7–121	2	0	50	C [2]

				M. erythrogenys	4	43.4 ± 5.27	28.3–52.8	2	2	50	C [2], D [2]
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				p < 0.001), depth (H = 20.2, p < 0.01), volume (H = 23.0, p < 0.001) and entrance area (H = 18.5, p < 0.01). In particular, we found sig-nificant differences in cavity depth and volume between P. manillae and woodpeckers, cavity volume and depth between C. haematribon and D. javensis, entrance area between the M. fune-bris and all other species, cavity height between C. haematribon and all other species, and cavity height between M. funebris and T. lucionensis (see Table 3 for significant pairwise compari-

			

		

		
			
				sons). Among secondary nesters, only S. calvus utilized a wide range of cavity types (Table 5). Sarcops calvus also used the greatest number of woodpecker-excavated cavities (n = 31, 72%) followed by T. lucionensis (n = 4, 67%).

				Differentiating realized nest niches

				The multinomial logistic regression models applied (Table 6) covered 42 nests of six bird 
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				Fig. 2. Characteristics of nest trees and cavities used by 10 cavity-nesting birds in the Subic Watershed Forest Reserve. — A: Number of nest trees per tree status. — B: Number of nest trees in disturbed and undisturbed areas. — C: Tree diameter at breast height. — D: Cavity height. — E: Cavity depth. — F: Cavity volume. — G: Cavity entrance area. The box plots display the median (thick vertical line), first and third quartiles (box edges), and range (whiskers) of values. For better visualization and clarity, measurements for cavity depth, volume and entrance area were log-transformed. Sample sizes (n) are provided in Tables 2 and 4.
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				species: 11 nests of C. haematribon, five of D. javensis, three of M. funebris, 13 of S. calvus, seven of P. manillae, and three of T. lucionen-sis. Both the Tree Model (DBH + status) and the Global Model (tree + cavity characteristics) were unsupported. The model that best predicted cavity use included cavity depth, entrance area, and volume. Nonetheless, it correctly assigned only 46.5% ± 0.5% of the cavities to the corre-sponding species on average: 78.0% ± 4.2% for 

			

		

		
			
				M. funebris, 76.8% ± 2.4% for C. haematribon, 26.0% ± 3.2% for D. javensis, 47.5% ± 3.9% for P. manillae, 32.4% ± 2.2% for S. calvus and 7.0% ± 2.6% for T. lucionensis.

				Cavity nest use and succession

				Throughout the breeding season, we observed four instances of cavity nest succession: 1) a 

			

		

		
			
				Table 3. Pairwise comparisons of tree and cavity characteristics between bird species using the Mann–Whitney U test with Bonferroni correction. Shown are the p-values for comparisons that exhibited significant differences (p ≤ 0.05).

					Tree Status	Height	DBH	Volume	Depth	Entrance area

				C. haematribon–D. javensis	-	<0.001	0.007	0.002	0.002	-

				C. haematribon–P. manillae	<0.001	0.002	<0.001	<0.001	-

				C. haematribon–S. calvus	-	<0.001	<0.001	0.002	-	-

				C. haematribon–M. funebris	-	0.001	-	-	-	0.007

				C. haematribon–T. lucionensis	-	0.001	-	-	-	-

				M. funebris–P. manillae	<0.001	-	-	-	-	0.003

				M. funebris–S. calvus	-	-	-	-	-	0.001

				M. funebris–T. lucionensis	-	0.001	-	-	-	0.007

				D. javensis–M. funebris	-	-	-	-	-	0.007

				D. javensis–P. manillae	<0.001	-	-	-	0.005	-

				E. microhierax–P. manillae	0.001	-	-	-	-	-

				P. manillae–S. calvus	<0.001	-	-	-	-	-
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				Table 4. Characteristics of nest cavities used by tree cavity-nesting birds.

					Height (m)	Entrance Area (cm2)	Depth (cm)	Cavity Volume (L)
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					n	mean	range	n	mean	range	n	mean	range	n	mean	range

					± SE	± SE	± SE	± SE

				C. haematribon	11	7.96	4.65–17.1	11	100	53.0–228	11	15.0	12–19	11	4.32	2.60–8.40

					± 1.07	± 15.1	± 0.676	± 0.51

				D. javensis	18	18.3	8.97–30.5	5	112	70.7–176	5	31	23–41	5	13.9	9.67–23.3

					± 1.41	± 17.5	± 3.52	± 2.42

				M. funebris	10	14.4	10–19.3	6	53.4	44.0–56.5	3	35.3	34–37	3	11.7	11.2–12.6

					± 1.00	± 2.16	± 0.88	± 0.44

				P. manillae	8	19.2	10.4–29.4	7	177	73.4–401	7	3.86	0–11	7	172	19.5–848

					± 2.54	± 43.5	± 1.86	± 114

				S. calvus	43	18.8	6–35.7	17	149	53.0–343	13	28.4	0–160	13	145	3.53–622

					± 1.13	± 21.9	± 11.6	± 58.3

				T. lucionensis	6	24.6	21.6–29.4	5	84.6	70.7–106	3	24.3	8–36	3	56.9	12.0–143

					± 1.14	± 6.26	± 8.41	± 43.0

				N. randi	1	8	-	1	69.1	-	1	19	-	1	5.39	-

				N. philippensis	1	8.97	-	1	106.0	-	1	23	-	1	13.3	-

				B. lunulatus	2	38.8	37.5–40.0	n/a	n/a	n/a

					± 1.25

				M. erythrogenys	4	16.5	14.0–20.0	n/a	n/a	n/a

					± 1.5
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				decay-formed cavity previously used by T. lucio-nensis was taken over by P. manillae post-fledg-ing; 2) a D. javensis-excavated cavity in a dead tree was subsequently utilized by T. lucionensis; 3) a C. haematribon-excavated cavity in a dead tree was next occupied by S. calvus; and 4) a D. javensis-excavated cavity in a dead part of a live tree was utilized by N. randi. We also observed five instances of the endangered parrot P. luco-

			

		

		
			
				nensis inspecting tree cavities, although nesting did not proceed: twice in decay-formed cavi-ties, one of which was at the time occupied by S. calvus, and thrice in cavities excavated by D. javensis and M. funebris in standing dead trees.

				Discussion

				Woodpeckers primarily utilized dead trees to excavate their cavity nests, likely due to wood hardness being more suitable for excavation (Matsuoka 2008). This observation is consistent with findings from temperate Europe (Kosiński & Winiecki 2004, Wesołowski 2007, Hebda et al. 2016) and subtropical South America (Cockle et al. 2011a). However, it contrasts with observa-tions from Canada and India, where 55% (Martin et al. 2004) and 72% (Manikandan & Balasubra-manian 2018) of excavator nests were found in live trees, respectively. These differences high-light the influence of regional (e.g., climate) and site-dependent factors (e.g., tree species, decay processes, and fungal colonization) on nest-site selection among primary excavators (Cockle et al. 2011b). Similar to findings on sympatric Dendrocopos woodpeckers in Poland (Kosiński 2006) and Colaptes woodpeckers in Buenos 

			

		

		
			
				Table 5. Cavity types and the proportion of woodpecker-excavated cavities used by non-excavators (secondary cavity nesters). Cavity types: 1 = woodpecker-exca-vated, 2 = vertical spout (i.e., trunk snapping off and exposing a cavity to the sky), 3 = angled spout, 4 = trunk cavity where a branch was previously attached, 5 = trunk cavity with a side entrance. n = count per cavity type.

					Cavity type [n]	Wodpecker-

					excavated

				P. manillae	3 [2], 4 [6]	0%

				S. calvus	1 [31], 3 [3],	72%

					4 [8], 5 [1]

				T. lucionensis	1 [4], 3 [2]	67%

				N. randi	1 [1]	100%

				N. philippensis	1 [1]	100%

				B. lunulatus	1 [2], termitaria [2]	50%

				M. erythrogenys	1 [2], 4 [2]	50%
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				Table 6. Parameters of the multinomial logistic regression models used to determine which tree and cavity charac-teristics best explain differences in realized nest niches. For each model, the number of parameters (k), Akaike’s Information Criterion corrected for small sample size (AICc), difference in AICc relative to the top-ranked model (ΔAICc), Akaike weight (wi) and the percentage of correctly classified observations are shown. Values of AICc, wi and classification accuracy are averaged across 1000 bootstrap iterations. The top model is shown in boldface.

					k	AICc	∆AICc	wi	% correctly classified

				Null	1	101.97 ± 0.00	20.56 ± 0.00	0.00	32.9 ± 0.18

				Depth + volume + entrance area	4	81.41 ± 0.32	0.00 ± 0.32	0.68	46.54 ± 0.50

				Status + DBH + height	4	84.40 ± 0.25	2.99 ± 0.25	0.15	47.61 ± 0.47

				Height + depth + volume +	5	85.73 ± 0.15	4.32 ± 0.15	0.08	46.25 ± 0.52

				entrance area

				Status + volume + entrance area	4	87.36 ± 0.27	5.95 ± 0.27	0.03	44.75 ± 0.48

				Volume + entrance area	3	87.69 ± 0.34	6.28 ± 0.34	0.03	42.81 ± 0.48

				Status + DBH + height + depth	5	88.87 ± 0.18	7.46 ± 0.18	0.02	46.89 ± 0.51

				Status + height + volume +	5	91.14 ± 0.22	9.73 ± 0.22	0.01	48.72 ± 0.51

				entrance area

				Status + DBH	3	96.55 ± 0.28	15.14 ± 0.28	0.00	46.61 ± 0.43

				Status + DBH + height + depth +	7	116.67 ± 0.10	35.26 ± 0.10	0.00	43.35 ± 0.50

				volume + entrance area

				Status + DBH + height + depth +	6	102.09 ± 0.14	20.68 ± 0.14	0.00	43.81 ± 0.49

				volume
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				Aires, Argentina (Jauregui et al. 2021), we were unable to fully distinguish the three woodpecker species apart based on DBH. Moreover, there was overlap in the use of Parkia timoriana and Shorea contorta as nest sites, likely due to the abundance of these two tree species within the forest landscape.

				Among secondary cavity nesters, it was only P. manillae that utilized decay-formed cavities in live trees for breeding, possibly on account of nest site stability and the species’ unique nesting habit (Poonswad 1995, Cahill 2003, Santhoshkumar & Balasubramanian 2010). Con-versely, S. calvus and T. lucionensis utilized cavities in both live and dead trees, of which the majority were in woodpecker-excavated cavities. Although only a limited number of species were considered in this study, the pro-portion of woodpecker-excavated cavities used by secondary cavity nesters (63%) was higher than those observed in the temperate forests of Poland (31%, Wesolowski 1989), Chile (25%, Altamirano et al. 2017), Mongolia (18%, Bai et al. 2003), Northwestern Argentina (9%, Ruggera et al. 2016), and the subtropical Atlantic forest in Northeastern Argentina (17%, Cockle et al. 2012). This finding underscores the significance of woodpecker cavities for several non-excavat-ing birds within our study site, similar to obser-vations in Canada and the Western Ghats, India, where secondary cavity nesters utilized 50–99% (Cockle et al. 2011b) and 58% (Manikandan & Balasubramanian 2018) of excavator-produced cavities, respectively. We posit that dependence on woodpecker-excavated cavities would persist even upon inclusion of other smaller secondary cavity nesters, similar to observations by Martin et al. (2004) in Canada, making it a worthwhile aspect to verify in future studies.

				None of our models could accurately predict which bird species would utilize a cavity based on tree characteristics, cavity characteristics or com-binations thereof. However, our best-supported model showed that depth, volume, and entrance area best explained the differences in realized nest niches of cavity users. Evidently, these char-acteristics have been suggested to lower preda-tion risk (cavity depth, Joy 2000, Cockle et al. 2011b), limit entry by other species and prevent potential usurpation (entrance area, Peterson & 

			

		

		
			
				Gauthier 1985, Robertson & Rendell 1990), and enhance reproductive success and thermal con-ditions (volume, van Balen 1984, Martin et al. 2004). Our model supports the pattern of nest site selection by secondary cavity-nesting birds in Argentina (driven by cavity depth, height, and entrance diameter, Cockle et al. 2011a) and Namibia (by volume, Millican 2023).

				The model (depth + volume + entrance area) was able to accurately classify cavities of M. funebris and C. haematribon at 78.0% ± 4.2% and 76.8% ± 2.3% on average, respectively, and of D. javensis at 26.0% ± 3.2%, suggesting a relative degree of differentiation among the medium-sized woodpeckers in terms of cavity characteristics. Chrysocolaptes haematribon generally had the lowest, shallowest, and smallest volume cavity nest, while M. funebris had the smallest entrance area, and D. javensis had the largest volume cavity among excavators. In contrast, none of the secondary cavity nesters were completely and accurately (i.e., 100%) classified by the model, suggesting that their nest niches are potentially overlapping or that there are other factors influ-encing cavity use that we failed to consider. None-theless, we did find evidence to differentiate their nest niches. Penelopides  manillae almost always used cavities in live trees that were spacious, shal-low and with narrow entrances, characteristic of cavity nests of Asian hornbills (Cahill 2003, Gic-araya & Española 2024). Tanygnathus lucionensis utilized cavities only in tall trees (≥21.6 m) with small entrances that narrowly fit the body. This pattern was also observed in T. lucionensis popu-lations in Palawan (Bernardo 2016), aligning with preferences of well-studied macaws, cockatoos, and large parrots (Renton et al. 2015), likely as an adaptation against predation (Nilsson 1984). On the other hand, S. calvus shared cavity character-istics with all studied species, owing to its ability to exploit almost all cavity types with varying heights, depths, entrance dimensions, and cavity volumes.

				As a preliminary investigation, the current study was successful in four respects, in that it: 1) identified and differentiated realized nest niches of several tree cavity-nesting birds; 2) provided evidence for niche differentiation among woodpeckers (based on cavity charac-teristics) and potential nest niche overlap among 
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				medium and large secondary cavity nesters; 3) documented interspecific cavity use and succes-sion among users; and 4) established species that are dependent on woodpecker-excavated cavities for breeding (or roosting). However, there are several caveats in interpreting the findings of this study. First, we attribute the low number of cavi-ties measured to the inaccessibility of nest sites. Many cavities were either in a dead tree or in a very high location, which made SRT impossible and hazardous. Moreover, tropical forests such as Subic have thick canopies and understories that can obscure nests that may otherwise be pre-sent. The rugged terrain is also dense with rattan plants and impenetrable bamboo stands, making navigation within the site extremely arduous. Second, because we focused only on tree and cavity characteristics, habitat characteristics and other potentially relevant variables were not con-sidered. Third, despite our rigorous effort, we did not locate nest cavities of the endemic Phil-ippine trogon Harpactes ardens, green racquet-tail Prioniturus luconensis, and Philippine eagle-owl Ketupa philippensis, the latter two being of research priority given their IUCN threatened status. Lastly, as we considered several species with very limited sample sizes, the nest web interactions discussed here are only a portion of the full picture. Future studies need to include more species (including smaller species) and other taxa (lizards, rodents and bats) and monitor the same cavities over multiple breeding seasons so that we can better understand the nest web. Nonetheless, the present study provides suffi-cient information to implement species conser-vation and forest management initiatives.

				As cavity nests in Subic were found mostly on large-diameter trees (≥17.5 cm in diameter), we recommend maintaining such trees, particu-larly those found on forest edges and disturbed areas that are most susceptible to anthropogenic activities (e.g., cutting). Fortunately, the Subic Bay Metropolitan Authority (SBMA) regulates cutting of trees and imposes fines for unlawful trimming, damaging and removal of trees within the reserve. This, however, does not apply to dead trees. Dead trees in all stages of decomposi-tion that pose no threat to safety should also be protected as future nest sites, especially snags with extensive buttresses as they can potentially 

			

		

		
			
				remain in the nest web for long periods of time (Newton, 1994). Moreover, to ensure the steady supply of nest sites, we recommend the planting of tree species preferred by cavity users as part of the reserve’s habitat enrichment and greening program. We also recommend regular monitor-ing of nests of secondary cavity nesters near roads and human habitation, particularly those of parrots and hornbills, as they are most vulnerable to poaching in these areas.

				The present study also provides baseline information for the creation of conservation tools (species-specific nest boxes) for the Phil-ippine Red List threatened species T. lucion-ensis and P. manillae which, much like most secondary cavity nesters, are easily affected by the unavailability of suitable cavities (Newton, 1994). Tanygnathus lucionensis has an extremely long breeding period (Gicaraya & Española, unpublished data) that could extend up to the rainy months of May to August. Nest trees could be destroyed during these months resulting in breeding failure. We recorded two nests with actively breeding parrots that were unfortunately destroyed by inclement weather, necessitating the creation and provision of stable nesting sites for these species. Artificial nest sites through nest boxes have been successfully used in pro-viding more nesting opportunities for breeding parrots (Olah et al. 2014) and hornbills (Carstens et al. 2019, Pasuwan et al. 2022) in various habitats. We recommend the measurements in Table 4 for the development of artificial nest sites. Alternatively, natural cavities could also be modified or restored to fit the bird’s cavity selection criteria (Tables 2 and 4). To guarantee the breeding success in artificial nest sites, we recommend the acquisition of microclimate data from natural cavities. An ideal artificial nest site must be insulated enough to lower the metabolic costs of thermoregulation (Wiebe 2001). The resulting microclimate data can then be incor-porated into our proposed cavity dimensions for further testing and calibration.

				Conclusions

				Our study suggests that primary excavators may demonstrate niche differentiation based on 
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				cavity characteristics, while secondary cavity nesters show potential overlap in their nest niches. Cavity characteristics appear to explain the differences in realized nest niches among cavity users, emphasizing the critical impor-tance of understanding species-specific breeding needs to effectively guide conservation meas-ures. Moreover, our findings support the key-stone role of woodpeckers in providing nest-ing sites for many secondary cavity nesters in tropical forests, consistent with the observations of Manikandan and Balasubramanian (2018) in India. This underscores the need to prioritize research and conservation of primary excavators in the Philippines, as this group remains largely understudied, including the nest webs they likely support.
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Tree cavity-nesting birds depend on suitable nest sites for successful reproduction.
For effective conservation, it is hence crucial to understand species-specific breeding
needs and species interdependencies. In the Philippines, cavity-nesting birds and their
underlying nest web interactions are poorly known. We determined tree and cavity
characteristics utilized by sympatric tree cavity-nesters in the lowland tropical forest
of Subic Watershed Forest Reserve, Luzon, Philippines. Cavity nests of 10 bird species
were found in live and dead trees belonging mostly to Parkia timoriana and Shorea
contorta. Using stratified bootstrapped multinomial logistic regression modeling, we
found support that cavity depth, volume and entrance area best explained the differ-
ences in realized nest niches among cavity-nesting birds. Dependence on woodpecker
cavities was also high (63%) among secondary cavity nesters, underscoring the impor-
tance of woodpeckers within our study site. We recommend conserving both live and
dead trees, with or without cavities, to support the nesting opportunities of all cavity-
nesting species.

Introduction peckers, can create their own cavities, obligate

cavity-nesting birds that do not excavate (sec-
A wide variety of birds, so-called tree cavity ondary cavity nesters) depend on the availabil-
nesters, utilize holes in trees for breeding and ity of existing holes provided by woodpeckers
roosting. While excavator birds, such as wood- (Martin et al. 2004, Monterrubio-Rico & Esca-





