Endemic species maintain avian diversity and ecosystem services on the island of New Britain
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Table S1:  List of species recorded in our study sites, and species present on the corresponding Mt Wilhelm elevational gradient. Species are ordered according to their position within the IOC World Bird List (Gill et al., 2025), which is used as taxonomic authority for our study. Trait values for each bird species are shown, as well as their classification into which group they belong in our study (New Britain endemics = 1, or non-endemics = 0). For a similar list of birds from the Mt Wilhelm elevational gradient, see (Korejs et al., 2025). Details on the methodology for trait values are described in the methods section on the main document, and can be found in (Tobias et al. 2022).
	English name
	Scientific Name
	Rel.
beak length
	Rel.
tarsus length
	HWI
	Mass (g)
	Trophic guild
	End. 
status

	Dwarf Cassowary
	Casuarius bennetti
	7.1
	24.8
	0.1
	35000.0
	Frugivore
	0

	Melanesian Megapode
	Megapodius eremita
	3.7
	9.6
	28.0
	676.7
	Omnivore
	0

	Large-tailed Nightjar
	Caprimulgus macrurus
	5.0
	3.5
	46.6
	66.2
	Invertivore
	0

	Moustached Treeswift
	Hemiprocne mystacea
	3.4
	2.4
	70.4
	70.1
	Invertivore
	0

	White-necked Coucal
	Centropus ateralbus
	7.2
	8.6
	8.2
	339.0
	Invertivore
	1

	Violaceous Coucal
	Centropus violaceus
	11.0
	10.6
	8.7
	500.0
	Invertivore
	1

	Pacific Koel
	Eudynamys orientalis
	6.9
	7.2
	24.2
	194.9
	Frugivore
	0

	Long-tailed Koel
	Urodynamis taitensis
	6.6
	7.0
	44.8
	117.0
	Invertivore
	0

	Channel-billed Cuckoo
	Scythrops novaehollandiae
	12.7
	7.0
	45.1
	684.0
	Frugivore
	0

	Shining Bronze Cuckoo
	Chalcites lucidus
	5.7
	5.5
	44.0
	24.4
	Invertivore
	1

	Sahul Brush Cuckoo
	Cacomantis variolosus
	5.8
	4.4
	39.5
	35.8
	Invertivore
	0

	Brown Cuckoo-Dove
	Macropygia phasianella
	3.9
	4.5
	33.1
	237.0
	Omnivore
	0

	Bar-tailed Cuckoo-Dove
	Macropygia nigrirostris
	4.1
	4.4
	36.3
	90.1
	Omnivore
	0

	Stephan's Emerald Dove
	Chalcophaps stephani
	4.3
	5.1
	32.4
	129.0
	Omnivore
	0

	White-breasted Ground Dove
	Pampusana jobiensis
	3.8
	5.5
	34.5
	135.0
	Omnivore
	0

	Bronze Ground Dove
	Pampusana beccarii
	3.8
	6.1
	29.3
	78.7
	Omnivore
	0

	Superb Fruit Dove
	Ptilinopus superbus
	3.7
	4.5
	31.1
	118.0
	Frugivore
	0

	White-bibbed Fruit Dove
	Ptilinopus rivoli
	3.8
	4.3
	28.5
	149.0
	Frugivore
	0

	Yellow-bibbed Fruit Dove
	Ptilinopus solomonensis
	3.8
	4.2
	27.7
	108.5
	Frugivore
	0

	Knob-billed Fruit Dove
	Ptilinopus insolitus
	5.0
	4.8
	29.8
	136.5
	Frugivore
	1

	Pacific Imperial Pigeon
	Ducula pacifica
	4.7
	6.1
	32.5
	394.2
	Frugivore
	0

	Red-knobbed Imperial Pigeon
	Ducula rubricera
	4.7
	5.3
	33.0
	652.0
	Frugivore
	0

	Finsch's Imperial Pigeon
	Ducula finschii
	4.3
	4.9
	29.6
	343.9
	Frugivore
	1

	Island Imperial Pigeon
	Ducula pistrinaria
	4.8
	5.1
	29.3
	515.0
	Frugivore
	0

	Black Imperial Pigeon
	Ducula melanochroa
	4.5
	5.2
	31.7
	665.0
	Frugivore
	1

	Yellowish Imperial Pigeon
	Ducula subflavescens
	5.3
	5.4
	38.9
	440.0
	Frugivore
	1

	Blyth's Hornbill
	Rhyticeros plicatus
	24.2
	7.6
	23.9
	1703.8
	Frugivore
	0

	Buff-breasted Paradise Kingfisher
	Tanysiptera sylvia
	9.2
	4.0
	21.6
	49.6
	Invertivore
	1

	Forest Kingfisher
	Todiramphus macleayii
	11.2
	3.6
	30.9
	37.3
	Invertivore
	0

	Collared Kingfisher
	Todiramphus chloris
	12.0
	3.7
	23.8
	66.1
	Invertivore
	0

	Sacred Kingfisher
	Todiramphus sanctus
	10.9
	3.2
	30.1
	53.0
	Invertivore
	0

	Moluccan Dwarf Kingfisher
	Ceyx lepidus
	12.7
	3.4
	21.0
	21.3
	Invertivore
	1

	Blue-eyed Cockatoo
	Cacatua ophthalmica
	6.6
	4.7
	30.2
	492.0
	Frugivore
	1

	Buff-faced Pygmy Parrot
	Micropsitta pusio
	3.7
	3.3
	38.0
	14.0
	Frugivore
	0

	Papuan Eclectus
	Eclectus polychlorus
	6.5
	3.5
	34.7
	480.8
	Omnivore
	0

	Song Parrot
	Geoffroyus heteroclitus
	4.2
	3.4
	41.6
	170.0
	Frugivore
	1

	Red-flanked Lorikeet
	Hypocharmosyna placentis
	4.4
	3.2
	46.5
	33.6
	Omnivore
	0

	Red-chinned Lorikeet
	Vini rubrigularis
	4.3
	3.0
	49.3
	37.0
	Omnivore
	1

	Purple-bellied Lory
	Lorius hypoinochrous
	6.0
	4.1
	43.8
	187.0
	Nectarivore
	1

	Coconut Lorikeet
	Trichoglossus haematodus
	4.8
	3.8
	47.5
	113.3
	Omnivore
	0

	Bismarck Pitta
	Erythropitta novaehibernicae
	5.4
	9.0
	20.4
	72.4
	Invertivore
	1

	Gilliard's Honeyeater
	Vosea whitemanensis
	10.2
	7.7
	24.5
	48.0
	Nectarivore
	1

	Ashy Myzomela
	Myzomela cineracea
	9.3
	7.2
	17.1
	13.8
	Nectarivore
	1

	Red Myzomela
	Myzomela cruentata
	7.3
	6.0
	18.1
	8.2
	Nectarivore
	0

	Papuan Black Myzomela
	Myzomela nigrita
	7.2
	6.3
	15.4
	9.3
	Omnivore
	1

	Sclater's Myzomela
	Myzomela sclateri
	7.2
	7.1
	18.3
	10.5
	Omnivore
	1

	Bismarck Black Myzomela
	Myzomela pammelaena
	6.2
	6.1
	19.0
	15.8
	Omnivore
	1

	Black-bellied Myzomela
	Myzomela erythromelas
	6.3
	6.7
	21.3
	8.0
	Nectarivore
	1

	New Britain Friarbird
	Philemon cockerelli
	8.7
	8.0
	16.6
	154.1
	Omnivore
	1

	White-backed Woodswallow
	Artamus insignis
	7.2
	5.1
	44.0
	51.3
	Invertivore
	1

	Black-faced Cuckooshrike
	Coracina novaehollandiae
	6.0
	6.0
	38.4
	118.0
	Invertivore
	0

	White-bellied Cuckooshrike
	Coracina papuensis
	7.7
	6.1
	30.1
	63.5
	Invertivore
	0

	Bismarck Cicadabird
	Edolisoma remotum
	6.3
	6.1
	26.8
	60.9
	Invertivore
	1

	Varied Triller
	Lalage leucomela
	5.4
	6.3
	26.5
	29.3
	Invertivore
	0

	Australian Golden Whistler
	Pachycephala pectoralis
	5.4
	7.0
	17.9
	30.4
	Invertivore
	1

	Spangled Drongo
	Dicrurus bracteatus
	7.7
	5.3
	23.2
	85.5
	Invertivore
	0

	Northern Fantail
	Rhipidura rufiventris
	6.8
	6.5
	21.4
	12.0
	Invertivore
	0

	Bismarck Fantail
	Rhipidura dahli
	5.8
	7.7
	16.0
	9.9
	Invertivore
	1

	Bismarck Monarch
	Symposiachrus verticalis
	5.7
	6.3
	18.5
	21.7
	Invertivore
	1

	Satin Flycatcher
	Myiagra cyanoleuca
	6.4
	5.6
	21.8
	17.5
	Invertivore
	0

	Shining Flycatcher
	Myiagra alecto
	6.3
	6.1
	15.0
	23.6
	Invertivore
	0

	Mussau Flycatcher
	Myiagra hebetior
	6.8
	7.3
	14.2
	20.2
	Invertivore
	0

	Torresian Crow
	Corvus orru
	9.6
	8.9
	37.1
	508.0
	Omnivore
	0

	Island Leaf Warbler
	Phylloscopus poliocephalus
	5.1
	8.4
	13.0
	10.8
	Invertivore
	0

	Bismarck White-eye
	Zosterops hypoxanthus
	5.2
	6.4
	17.7
	12.5
	Omnivore
	1

	Metallic Starling
	Aplonis metallica
	5.7
	5.5
	34.7
	56.5
	Frugivore
	0

	Singing Starling
	Aplonis cantoroides
	5.8
	5.7
	27.0
	55.7
	Frugivore
	0

	Golden Myna
	Mino anais
	5.1
	6.5
	20.0
	152.0
	Frugivore
	0

	Red-banded Flowerpecker
	Dicaeum eximium
	4.4
	5.7
	18.4
	7.9
	Frugivore
	1

	Black Sunbird
	Leptocoma aspasia
	9.7
	6.7
	17.6
	8.0
	Omnivore
	0

	Sahul Sunbird
	Cinnyris frenatus
	9.4
	6.6
	17.7
	9.0
	Omnivore
	0

	Blue-faced Parrotfinch
	Erythrura trichroa
	5.3
	6.4
	22.4
	14.4
	Frugivore
	0



Table S2: The formulae on all models used in this manuscript. 
	Model(s)
	Equation

	Shannon index
	
Where y is the value of response variable,  is the fixed intercept,  is the linear effect of elevation E,  is the quadratic effect of elevation E,  is the random intercept term for site S, and  is the residual error.

	Endemic proportion of richness, proportion of abundance
	
Where y is the value of response variable,  is the fixed intercept,  is the linear effect of elevation E,  is the quadratic effect of elevation E, is the cubic effect of elevation,  is the random intercept term for site S, and  is the residual error.

	Invertivore (%),
Relative beak length, 
Relative tarsus length
	
Where y is the value of response variable,  is the fixed intercept,  is the linear effect of elevation E,  is the effect of one level of type T, which represents differences in trait values for distinct bird groups, type T having three levels (mainland New Guinean bird trait values, endemic New Britain bird trait values, and non-endemic New Britain bird trait values). is the effect of the other non-reference level of type T. Only two levels of type T are in this equation, as one is used as the reference level.   are interaction terms of elevation E and the two non-reference levels of type T,  is the random intercept term for site S, and  is the residual error.

	Frugivore (%), Nectarivore (%)
Omnivore
(%),
Hand-wing index



	

Where y is the value of response variable,  is the fixed intercept,  is the linear effect of elevation E,  is the effect of one level of type T, is the effect of the other non-reference level of type T. Only two levels of type T are in this equation, as one is used as the reference level.   are interaction terms of elevation E and the two non-reference levels of type T,  is the quadratic effect of elevation E,  are the interaction terms of quadratic elevation E and the two non-reference levels of type T,  is the random intercept term for site S, and  is the residual error.

	Body mass (log)
	

Where y is the value of response variable,  is the fixed intercept,  is the linear effect of elevation E,  is the effect of one level of type T, is the effect of the other non-reference level of type T. Only two levels of type T are in this equation, as one is used as the reference level.   are interaction terms of elevation E and the two non-reference levels of type T,  is the quadratic effect of elevation E,  are the interaction terms of quadratic elevation E and the two non-reference levels of type T,  is the cubic effect of elevation E,  are the interaction terms of cubic elevation E and the two non-reference levels of type T,   is the random intercept term for site S, and  is the residual error.



Table S3: Detailed parameters of our bird diversity models. All models were performed in the package glmmTMB (Brooks et al. 2017). As these models included no pairwise comparisons, only the core information on parameters is supplied.
	Model
	Family
	link
	AIC
	BIC
	logLik
	deviance
	DF (resid)

	Shannon index
	Gaussian
	identity
	-45.4
	-34.6
	27.7
	-55.4
	59

	Endemic proportion of richness
	Beta
	logit
	-192.5
	-179.5
	102.2
	-204.5
	58

	Endemic proportion of abundance
	Beta
	logit
	-159.6
	-146.7
	85.8
	-171.6
	58



Table S4: Detailed parameters of our trophic guild models. All were performed in the package glmmTMB (Brooks et al. 2017). Included are pairwise comparisons between slopes estimated by the emmeans package (Lenth et al. 2025) for each species group (endemic, non-endemic, mainland) x elevation interaction level.
	Model
	Family
	link
	AIC
	BIC
	logLik
	deviance
	DF (resid)

	Invertivore (%)
	Beta
	logit
	-372.1
	-340.3
	196
	-392.1
	166

	Frugivore (%)
	Beta
	logit
	-386.8
	-351.9
	204.4
	-408.8
	165

	Nectarivore (%)
	Beta
	logit
	-319.3
	-278.1
	172.7
	-345.3
	163

	Omnivore (%)
	Beta
	logit
	-409.7
	-374.9
	215.9
	-431.7
	165

	Pairwise comparisons

	Model
	Contrast
	degree
	estimate
	SE
	z.ratio
	p.value

	Invertivore (%)
	Endemic xMainland
	linear
	-9.33E-04
	2.74E-04
	-3.405
	0.002

	Invertivore (%)
	Endemic xNotEndemic
	linear
	7.06E-04
	3.32E-04
	2.126
	0.085

	Invertivore (%)
	Mainland xNotEndemic
	linear
	1.64E-03
	2.59E-04
	6.334
	<.0001

	Frugivore (%)
	Endemic xMainland
	linear
	3.98E-04
	2.53E-04
	1.571
	0.258

	Frugivore (%)
	Endemic xNotEndemic
	linear
	-1.43E-03
	2.83E-04
	-5.06
	<.0001

	Frugivore (%)
	Mainland xNotEndemic
	linear
	-1.83E-03
	2.43E-04
	-7.533
	<.0001

	Frugivore (%)
	Endemic xMainland
	quadratic
	-8.02E-07
	1.20E-06
	-0.67
	0.781

	Frugivore (%)
	Endemic xNotEndemic
	quadratic
	-4.02E-06
	1.52E-06
	-2.645
	0.022

	Frugivore (%)
	Mainland xNotEndemic
	quadratic
	-3.22E-06
	1.13E-06
	-2.854
	0.012

	Omnivore (%)
	Endemic xMainland
	linear
	3.21E-04
	2.79E-04
	1.149
	0.484

	Omnivore (%)
	Endemic xNotEndemic
	linear
	1.50E-03
	3.02E-04
	4.967
	<.0001

	Omnivore (%)
	Mainland xNotEndemic
	linear
	1.18E-03
	2.94E-04
	4.016
	0.000

	Omnivore (%)
	Endemic xMainland
	quadratic
	3.42E-06
	1.25E-06
	2.748
	0.017

	Omnivore (%)
	Endemic xNotEndemic
	quadratic
	5.48E-06
	1.62E-06
	3.379
	0.002

	Omnivore (%)
	Mainland xNotEndemic
	quadratic
	2.06E-06
	1.34E-06
	1.537
	0.274

	Nectarivore (%)
	Endemic xMainland
	linear
	-7.08E-05
	4.17E-04
	-0.17
	0.984

	Nectarivore (%)
	Endemic xNotEndemic
	linear
	-5.26E-03
	1.17E-03
	-4.495
	<.0001

	Nectarivore (%)
	Mainland xNotEndemic
	linear
	-5.19E-03
	1.18E-03
	-4.409
	<.0001

	Nectarivore (%)
	Endemic xMainland
	quadratic
	-8.19E-06
	1.77E-06
	-4.626
	<.0001

	Nectarivore (%)
	Endemic xNotEndemic
	quadratic
	5.41E-06
	4.44E-06
	1.218
	0.442

	Nectarivore (%)
	Mainland xNotEndemic
	quadratic
	1.36E-05
	4.36E-06
	3.118
	0.005



Table S5 Model parameters and result of our supplementary bird abundance analyses. Effects of elevation, bird species group (endemics, non-endemics, both groups together on New Britain, or mainland birds of New Guinea) and interaction of both fixed effects. Each model had one dependent variable, each representing the average abundances of a given species group. Degree describes whether linear or polynomial terms (second-order = quadratic, third-order = cubic) were used to model the effect of elevation and its interaction with species group. Significant effects are indicated by P values below 0.005, based on Type 2 Wald X2 test. A significant effect of elevation means that overall, guild abundances were affected with elevation. A significant effect of group means that abundances differed between groups. A significant interaction term means that the effect of elevation varied depending on species group. For each model, core parameters are shown.
	Model
	Family
	link
	AIC
	BIC
	logLik

	Insectivore N
	Gaussian
	identity
	976.7
	1011.5
	-478.3

	Frugivore N
	Gaussian
	identity
	887
	914.8
	-435.5

	Nectarivore N
	Gaussian
	identity
	471.1
	519.8
	-221.5

	Omnivore N
	Gaussian
	identity
	877.1
	911.9
	-428.6

	Model results

	Model
	Contrast
	Degree
	X2
	model DF
	P 

	Insectivore N
	Elevation
	Linear
	6.8
	1
	0.008

	
	Group
	
	1187.6
	3
	<0.001

	
	Elevation:Group
	
	96.2
	3
	<0.001

	Frugivore N
	Elevation
	Quadratic
	53.1
	2
	<0.001

	
	Group
	
	302.5
	3
	<0.001

	
	Elevation:Group
	Interaction dropped (not significant)

	Nectarivore N
	Elevation
	Cubic
	49.3
	3
	<0.001

	
	Group
	
	164.5
	3
	<0.001

	
	Elevation:Group
	
	86.2
	8
	<0.001

	Omnivore N
	Elevation
	Linear
	3.6
	1
	0.058

	
	Group
	
	358.7
	3
	<0.001

	
	Elevation:Group
	
	24.9
	3
	<0.001



Table S6: Detailed parameters of our morphological trait models, describing the abundance-weighted means of trait values for avian assemblages. Post-hoc test results are displayed, showing the elevational trends of each respective variable for each species group (New Britain endemics, non-endemics, birds of Mt Wilhelm)
	Model
	Family
	link
	AIC
	BIC
	logLik
	deviance
	DF (resid)

	Body mass (g)
	Gaussian
	log
	143.9
	185.1
	-59
	117.9
	163

	Relative beak length
	Gaussian
	identity
	182.3
	207.6
	-83.1
	166.3
	168

	Relative tarsus length
	Gaussian
	identity
	113.1
	138.5
	-48.5
	97.1
	16

	Hand-Wing index
	Gaussian
	identity
	785.7
	820.6
	-381.9
	763.7
	165

	Pairwise comparisons

	Model
	Contrast
	degree
	estimate
	SE
	t.ratio
	p.value

	Body mass (g)
	Endemic xNotEndemic
	linear
	3.350E-03
	9.320E-04
	3.591
	0.000

	Body mass (g)
	Endemic xMainland
	quadratic
	1.070E-06
	2.620E-06
	0.408
	0.913

	Body mass (g)
	Endemic xNotEndemic
	quadratic
	2.520E-06
	1.750E-06
	1.441
	0.323

	Body mass (g)
	Mainland xNotEndemic
	quadratic
	1.450E-06
	2.160E-06
	0.674
	0.779

	Body mass (g)
	Endemic xMainland
	cubic
	0.000E+00
	0.000E+00
	-0.408
	0.913

	Body mass (g)
	Endemic xNotEndemic
	cubic
	-3.000E-08
	1.110E-08
	-2.716
	0.020

	Body mass (g)
	Mainland xNotEndemic
	cubic
	-3.000E-08
	1.110E-08
	-2.716
	0.020

	Relative beak length 
	Endemic x Mainland
	linear
	6.720E-04
	2.590E-04
	2.597
	0.028

	Relative beak length 
	Endemic x NotEndemic
	linear
	1.720E-03
	3.090E-04
	5.570
	<.001

	Relative beak length 
	Mainland xNotEndemic
	linear
	1.050E-03
	2.590E-04
	4.060
	0.000

	Relative tarsus length
	Endemic xMainland
	linear
	3.390E-04
	2.110E-04
	1.609
	0.245

	Relative tarsus length
	Endemic xNotEndemic
	linear
	-2.590E-04
	2.520E-04
	-1.028
	0.561

	Relative tarsus length
	Mainland xNotEndemic
	linear
	-5.980E-04
	2.110E-04
	-2.837
	0.014

	Hand-wing index
	Endemic xMainland
	linear
	2.190E-04
	1.500E-03
	0.146
	0.988

	Hand-wing index
	Endemic xNotEndemic
	linear
	1.700E-03
	1.750E-03
	0.967
	0.599

	Hand-wing index
	Mainland xNotEndemic
	linear
	1.480E-03
	1.500E-03
	0.987
	0.586

	Hand-wing index
	Endemic xMainland
	quadratic
	2.050E-05
	7.110E-06
	2.877
	0.013

	Hand-wing index
	Endemic xNotEndemic
	quadratic
	3.420E-05
	9.360E-06
	3.652
	0.001

	Hand-wing index
	Mainland xNotEndemic
	quadratic
	1.370E-05
	7.110E-06
	1.932
	0.133




Figure S1
Elevational patterns of guild abundance as a direct measure of provision of ecosystem services, as predicted by our models. The legend describes the different trends corresponding to either New Britain birds (endemic and non-endemic separately, as well as their joint abundance), and to mainland birds of New Guinea. The squares denote mean values predicted by each respective model, while brackets show the standard error of the predicted mean. The fit line corresponds to the degree of polynomial terms used to model the effect of elevation in each respective model. Semi-transparent points plot the base trait values used to model elevational patterns. Plotted are results for (a) proportion of insectivores in bird abundances for each species group, (b) proportion of frugivores, (c) nectarivores and (d) omnivores. For detailed model parameters see Table S4. 
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