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DISTRIBUTION AND CONSERVATION OF BIRDS OF NORTHERN 
CENTRAL AMERICA 

A. TOWNSEND PETERSON,‘*3 GRISELDA ESCALONA-SEGURA,’ AND 

JERRY A. GRIFFITH* 

ABSTRACT-Patterns of distribution, diversity, and endemism in the birds of northern Central America were 
analyzed based on 541 avian species in 24 biotic regions. Many contrasts were apparent. For example, whereas 
species richness was concentrated in the Atlantic lowlands, with the Pacific lowlands, interior valleys, montane 
areas, and the Yucatan Peninsula less diverse; species endemic to the entire region were concentrated in the 
mountains and in the Yucatan Peninsula. Geographic patterns of endemism presented contrasts depending on 
the spatial scale of analysis. In contrast to overall patterns, species narrowly endemic to single geographic units 
were concentrated along the Pacific Coast of Chiapas and in southern Veracruz. Conservation implications of 
these results were explored using complementarity algorithms, producing ordered regional priority lists for the 
creation of optimal reserve systems. Finally, a plan of action for the study and conservation of avian diversity 
in northern Central America is outlined, including elements of basic inventory, systematics, and geographic 
analysis. 

Some of the earliest studies of New World 
tropical birds were in Central America, in- 
cluding the impressive summary produced by 
Salvin and Godman (1879-1904). These early 
studies, in combination with subsequent in- 
vestigations, led to treatments for each coun- 
try and region: Chiapas (Alvarez de1 Toro 
1971), southern Veracruz (Lowery and Dahl- 
quest 1951), the Yucatan Peninsula (Paynter 
1955), Guatemala (Griscom 1932, Land 
1970), Belize (Russell 1964), Honduras (Mon- 
roe 1968), El Salvador (Dickey and van Ros- 
sem 1930, Thurber et al. 1987), and Nicaragua 
(Howell, unpubl. ms.). Hence, at first glance 
the region seems well known ornithologically, 
and not in need of intensive study. 

Ornithological research has been sporadic 
and superficial, with no comprehensive survey 
of the entire region. Although wars and polit- 
ical conflicts that have characterized the last 
thirty years have largely ended, ornithological 
attention (apart from the other contributions to 
this symposium) has been slow to focus on 
the region. Hence, our purpose in this paper 
is to synthesize a distributional overview of 
the birds of northern Central America, which, 
although based on imprecise and incomplete 
information, is intended to detect general pat- 
terns in the region’s avifauna. Our hope is that 
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this preliminary summary will stimulate re- 
newed attention to the region, especially by 
workers employing new techniques such as 
molecular genetics, phylogenetic systematics, 
and geographic information systems. We also 
make suggestions regarding the direction and 
context of new efforts of study and conserve 
the birds of northern Central America. 

METHODS 

For the purposes of this study, we defined northern 
Central America as extending from the Isthmus of Te- 
huantepec and southern Veracruz south and east 
through the Yucatan Peninsula, Chiapas, Guatemala, 
Belize, El Salvador, and Honduras, to western Nica- 
ragua. This region forms a biogeographic unit (Diner- 
stein et al. 1995) clearly related to the historical sea 
channels that eventually closed to form the Central 
American isthmus (Stehli and Webb 1985, Mann 
1995). We divided the region into 24 geographic 
regions that were homogeneous in terms of habitat 
makeup and biotic continuity (Fig. 1). For a few 
regions, such as the pine savannas and rain forests of 
the Mosquitia region of northern Honduras and Nica- 
ragua, potentially distinct regions and habitat types 
were lumped because we lacked precise data. 

We created a data base summarizing distributions of 
541 bird species in the regions. Because our intent was 
to focus on distributional patterns of terrestrial bird 
species, only resident, breeding land bird species were 
included. Sources included the regional treatments cit- 
ed above, surveys of museum specimens (for Mexico 
principally, see Acknowledgments), Hernandez-Bafios 
and coworkers (1995) and Howell and Webb (1995). 
We scored species as present or absent in each region; 
species’ distributions beyond the limits of the study 
area were indicated as extending farther north or far- 
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PIG 1. Map showing the 24 biotic regions employed in this study, with abbreviations used for reference in 

ther south, based on the taxonomy and range descrip- 
tions in AOU (1983). 

Subsequent analyses included UPCMA clustering of 
simple matching coefficient distances among regions 
derived from presence-absence matrices (Rohlf 1988). 
Near-optimal reserve combinations were obtained by 
means of a complementarity algorithm, implemented 
as follows: (1) series of criteria (e.g., species richness, 
endemism) were chosen and set in a specific order of 
importance; (2) a reserve was chosen based on the first 
criterion; (3) a second reserve was added based on the 
cumulative total for the first criterion (i.e., based on 
new species added to the total); (4) additional reserves 
were added one by one based on their effect on the 
cumulative species total. In case of a tie, the second 
criterion was used to decide among tied possibilities; 
further criteria were used in the event of ties in the 
second criterion. Because of the large numbers of spe- 
cies involved, globally optimal approaches (e.g., 
Church et al. 1996) were impractical to implement 
(Pressey et al. 1996). 

RESULTS 

Overall bird species richness was unevenly 
and nomandomly distributed in northern Cen- 
tral America (Fig. 2A). Highest numbers of 
species were found in the Atlantic lowlands 
from southern Mexico south to Nicaragua, and 

species richness was lower on the Yucatan 
Peninsula and in the interior and Pacific por- 
tions of the region. Lowest species richness 
was found in the interior valleys, probably re- 
flecting isolation or paucity of microhabitats 
in their arid habitats, as well as in the moun- 
tains and Pacific lowlands of Nicaragua. 

Cluster analyses of the overall data set re- 
vealed five principal groupings of areas (Fig. 
3): (1) the Atlantic lowlands exclusive of the 
Yucatan Peninsula, (2) Pacific lowlands, (3) 
interior valleys, (4) the Yucatan Peninsula, 
and (5) montane areas. The montane areas 
were most distinct from the remaining four 
clusters. Within the latter grouping, the Atlan- 
tic lowlands were most distinctive, followed 
by the Yucatan Peninsula; the Pacific low- 
lands, and interior valleys grouped closely to- 
gether. The only geographically disparate ar- 
eas that grouped together were the Yucatan 
Peninsula, the Pacific lowlands and interior 
valleys, reflecting their common semiarid 
tropical faunal elements. Hence, patterns of 
fauna1 similarity among regions appear to cor- 
respond to geographic proximity and/or hab- 
itat similarity. 
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FIG. 2. Maps showing the geographic distribution of diversity of birds in northern Central America. Shown 
are (A) total numbers of species, (B) species endemic to northern Central America, (C) species restricted to five 
or fewer regions, and (D) species restricted to a single region. 

Of the 541 species included in the data set, 
150 (27.7%) ranged farther south than the 
study area, 138 (25.5%) ranged farther north, 
and 208 (38.4%) ranged both to the south and 
to the north. The remaining 45 (8.3%) oc- 
curred nowhere but in northern Central Amer- 
ica (Table 1). The geographic distribution of 
these endemic species was highly localized 
(Fig. 2B): montane regions were major foci, 
and the Yucatan Peninsula contained a sec- 
ondary concentration. Hence, patterns of en- 
demism contrasted sharply with patterns of 
species richness. 

Five avian genera were endemic to the re- 

gion. The guans Penelopina and Oreophasis 
are both restricted to montane portions of the 
region. The motmot Aspatha is widely distrib- 
uted; the turkey Agriocharis occurs through- 
out the Peten region (although submerged in 
Meleagris by AOU 1995); and the mimid Me- 
lanoptila is found only on the Yucatan Pen- 
insula. Because all five are monotypic genera, 
no secondary speciation within the region ap- 
pears to have taken place. 

Clustering regions based on the distribution 
of endemic species revealed patterns similar 
to those recovered from analysis of all species 
(Fig. 3). Again, montane regions were most 



Peterson et al. l CENTRAL AMERICAN BIRDS 537 

MTNSCH 

MTNNCH 

MTNSGU 

MTNNWG 

Mountains MTNNEG 

MTNHON 

MTNNIC 

MTNELS 

FIG. 3. Cluster analysis showing patterns of avifaunal similarity among regions based on all species. Ab- 
breviations for regions given in Fig. 1. 
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distinctive, and clusters were recognizable for 
the Yucatan Peninsula and other lowland ar- 
eas, although patterns were not as well defined 
as for the overall analysis. Hence, the fewer 
species involved in the endemic cluster anal- 
ysis probably led to less clear overall resolu- 
tion. 

Examination of the spatial scale of endem- 
ism showed that endemic species’ ranges in- 
cluded as few as one region (8 spp.), up to a 
maximum of 10 regions (1 spp.; Table 1). Re- 
gional endemics were concentrated in mon- 
tane areas and in the Yucatan Peninsula (Fig. 

2B). When only species found in five regions 
or fewer were considered, the Yucatan Pen- 
insula had a higher concentration (Fig. 2C). 
The eight species restricted to single regions 
(“narrow endemics”), were found in the Pa- 
cific lowlands of Chiapas (Passerina rositae, 
Aimophila sumichrasti, Campylorhynchus 
chiapensis), the Los Tuxtlas region of south- 
em Veracruz (Campylopterus excellens, Geo- 
trygon carrikeri) and include 3 species in 3 
other regions (Fig. 2D). Hence, foci of endem- 
ism vary strikingly depending on the spatial 
scale of the analysis. 
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TABLE 1. List of bird species endemic to northern 
Central America, with number of regions in which the 
species occurs. 

Species 

Agriocharis ocellata 
Aimophila sumichrasti 
Amazilia luciae 
Amazona xantholora 
Aratinga strenua 
Arremonops chloronotus 
Aspatha gularis 
Atthis ellioti 
Campylopterus excellens 
Campylopterus rufus 
Campylorhynchus chiapensis 
Campylorhynchus yucatanicus 
Caprimulgus badius 
Carduelis atriceps 
Colinus nigrogularis 
Cyanocorax melanocyaneus 
Cyanocorax yucatanicus 
Cyanolyca pumilo 
Cyrtonyx ocellatus 
Doricha enicura 
Ergaticus versicolor 
Geottygon carrikeri 
Granatellus sallaei 
Icterus auratus 
Icterus maculialatus 
Lampornis sybillae 
Lampornis viridipallens 
Melanerpes hoffmannii 
Melanerpes pygmaeus 
Melanoptila glabrirostris 
Melanotis hypoleucus 
Myiarchus yucatanensis 
Notiochelidon pileata 
Nyctiphrynus yucatanicus 
Oreophasis derbianus 
Ortalis leucogastra 
Otus barbarus 
Passerina rositae 
Penelopina nigra 
Piranga roseogularis 
Strix jihlvescens 
Tangara cabanisi 
Troglodytes rufociliatus 
Turdus rufitorques 
Xenotriccus callizonus 

Number 
of regions 

5 
1 
1 
2 
6 
6 
6 
7 
1 
5 
1 
1 
2 
4 
4 

10 
6 
6 
7 
7 
5 
1 
6 
2 
4 
2 
7 
1 
2 
4 
7 
4 
7 
3 
5 
4 
3 
1 
7 
3 
-I 
2 
8 
I 
3 

DISCUSSION 

Conservation priorities.-The analyses pre- 

sented above, although preliminary, have in- 
teresting implications for the conservation of 
avian diversity in northern Central America. 
Most importantly, overall patterns of avian 

species richness and endemism contrasted 
sharply, leading to a quandary for conserva- 
tion prioritization: species richness was high- 
est in the Atlantic lowlands, whereas endem- 
ism was greatest in montane regions and in 
the Yucatan Peninsula (Fig. 2A, B). Similar 
results have been encountered elsewhere and 
at other scales of analysis, making the gen- 
erality of the result convincing (Escalante- 
Pliego et al. 1993, Peterson et al. 1993, Her- 
n&ndez-Batios et al. 1995, Peterson and Sala- 
zar, in press). 

To add further complication, “endemism” 
can be defined in several ways. Although the 
simplest version is “found nowhere else,” a 
case can be made for the importance of con- 
sidering range size as well to identify endemic 
species (ICBP 1992). Unfortunately, geo- 
graphic concentrations of endemism may dif- 
fer based on spatial scale and definition used 
(Figure 2B-D), making identification of pri- 
orities complex. 

Another complication for implementation 
of conservation policies is the lack of infor- 
mation on available habitat. The spatial extent 
and geographic distribution of patches of pri- 
mary habitat remaining in northern Central 
America remain unassessed. Without this crit- 
ical information, design of adequate strategies 
for conservation at a fine scale is all but im- 
possible. Hence, evaluation of geographic pat- 
terns of land use and habitat distribution 
would represent an important advance in bio- 
diversity conservation in the region. 

A variety of approaches can be used to es- 
tablish priorities for creating references. If 
geographic patterns in species richness and 
endemism were coincident, an optimal strat- 
egy would be to represent each of the princi- 
pal assemblages in the cluster analysis in a 
reserve system (Peterson and Salazar, in 
press). Because such coincidence is lacking in 
the present case, we have taken a more quan- 
titative approach based on the principle of 
complementarity among reserves in the sys- 
tem. 

Under the assumption that a reserve within 
a particular region should hold the important 
components of the region’s biodiversity, we 
performed two complementarity analyses 
based on different criteria. The first maxi- 
mized representation of single-region endem- 
its. In cases where this criterion was equivo- 
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cal, we used representation of endemic species 
with ranges of five or fewer regions; succeed- 
ing criteria were overall endemism and spe- 
cies richness (Fig. 4). Under this approach, the 
optimal reserve system included (in order of 
decreasing importance) the following areas: 
Pacific lowlands of Chiapas, Los Tuxtlas, 
northern Yucatan Peninsula, Atlantic lowlands 
of Honduras, Pacific lowlands of Nicaragua, 
Sierra Norte of Chiapas, interior valley of 
Chiapas, mountains of Nicaragua, southern 
Yucatan Peninsula, and mountains of southern 
Guatemala. This prioritization therefore rep- 
resents a near-optimal combination of reserves 
in regions of Central America for the preser- 
vation of avian diversity, emphasizing restrict- 
ed-range endemics. 

An alternative approach emphasized spe- 
cies richness, followed by overall endemism, 
five-region endemics, and single-region en- 
demics (Fig. 4). Under this prioritization, first 
in importance were the Atlantic lowlands of 
Honduras, followed by the Sierra Norte of 
Chiapas, southern Yucatan Peninsula, Pacific 
lowlands of Chiapas, interior valley of Chia- 
pas, mountains of southern Guatemala, Los 
Tuxtlas, northern Yucatan Peninsula, moun- 
tains of Nicaragua, and Tabasco. This list 
therefore represents a near-optimal reserve 
scheme for preserving bird diversity by em- 
phasizing species richness. 

The two complementarity implementations 
yielded highly noncoincident results, suggest- 
ing that hard decisions may be required for 
conservation efforts to proceed. Comparing 
rankings for areas included in both systems 
yielded an r2 of 0.001 (Spearman rank corre- 
lation), indicating little or no association. 
Hence, conservation efforts must begin by 
choosing an order of importance for the differ- 
ent dimensions of biodiversity to make priori- 
tization of different areas possible. We suggest 
that the restricted-range endemics are at much 
greater risk of extinction and that their priori- 
tization should be accorded precedence. 

Spatial scale of endemism.-An additional 
consideration for the use of endemism in con- 
servation planning springs from the exami- 
nation of distribution of endemism at different 
spatial scales, pointing out the danger of area1 
definitions of endemism in biodiversity stud- 
ies. Fig. 2 illustrates the changing nature of 
foci of endemism based on different spatial 

definitions; whereas regional endemism is fo- 
cused in montane regions and the Yucatan 
Peninsula, narrow endemics are concentrated 
along the Pacific lowlands of Chiapas and in 
Los Tuxtlas. Similar results have been ob- 
tained in studies of other avian assemblages 
(Hemhndez-Bafios et al. 1995), suggesting 
that endemism defined at different spatial 
scales may not always yield coincident results. 

A worrisome implication of this result re- 
gards recent studies of avian endemism on a 
worldwide scale. ICBP (1992) defined species 
with total ranges of 50,000 km2 or less as en- 
demics, and analyzed their geographic distri- 
bution to establish priority zones for conser- 
vation attention. These results suggest that 
such studies may yield pictures of endemism 
that are highly unstable and unpredictable de- 
pending on their position along some un- 
known spectrum as seen in Fig. 2. Hence, the 
conclusions reached by ICBP (1992) and oth- 
er studies imposing single spatial definitions 
on endemism may prove to reflect only one 
dimension of endemism, rather than some sin- 
gle underlying pattern. 

Future directions.-Based on the analyses 
presented above and on our understanding of 
present ornithological activity in northern 
Central America, we suggest three general re- 
search areas that need much more activity. 
These topics are inventory, systematics, and 
geographic analysis-thorough, synthetic 
studies in each realm would greatly improve 
the knowledge and understanding of the re- 
gion’s avifauna. 

A first, and most critical, need is for basic 
avifaunal inventories. These studies document 
details of distribution for each species, and 
permit understanding community composi- 
tion, inferring historical geographic patterns, 
determining conservation priorities, and many 
other important facets of the geography and 
ecology of bird species. Properly documented 
by voucher specimens (Remsen 1995), and 
other associated data, inventories can serve as 
the foundation for many systematic and geo- 
graphic studies as well. 

An example of the dire need for basic in- 
ventory studies can be taken from a two-week 
study in 1993 on Cerro Piedra Larga, Oaxaca, 
Mexico (Escalona-Segura et al., unpubl. data). 
This mountain, although in close proximity to 
well-known sites in a thoroughly documented 
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FIG. 4. Cumulative graphs of representation of species in reserve systems in northern Central America, 
based on criteria ranked as species richness, overall endemism, endemics to 5 or fewer regions, and endemics 
to single regions (closed symbols), and based on criteria ranked as endemics to single regions, endemics to five 
or fewer regions, overall endemism, and species richness (open symbols). A. Total species richness, B. Overall 
endemics, C. Endemics restricted to five regions, D. Endemics restricted to one region. Abbreviations for regions 
are from Fig. 1. 
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state (Binford 1989), is isolated between the 
southeastern termini of the Sierra de Miahuat- 
lan and the Sierra de 10s Mixes. It had never 
been surveyed ornithologically-the expecta- 
tion was that its fauna would be allied with 
that of one mountain range or the other (Her- 
nandez-Bafios et al. 1995). After careful study, 
however, we found three forms of eastern af- 
finity (Sierra de 10s Mixes), mixed with four 
of western affinity (Sierra de Miahuatlan), 
making the mountain a fascinating and unique 
mix of the distinct avifaunas of the neighbor- 
ing mountain ranges. Other unexpected dis- 
coveries, such as the rare Maroon-fronted 
Ground-Dove (CZaravis mondetouru) and the 
first-known sympatry of two differentiated 
populations of the Amethyst-throated Hum- 
mingbird (Lumpomis amethystinus), further 
serve to illustrate the importance of these ba- 
sic studies. Many other sites throughout north- 
em Central America remain unsurveyed or in- 
adequately sampled; hence, much remains to 
be learned about the birds of the region. 

Systematic studies form an important sec- 
ond element in our proposed plan of action. 
Although the taxonomy, distribution, ecology, 
and variation of birds appear to be generally 
well documented (e.g., AOU 1983), in fact, 
much remains to be studied. Major method- 
ological and theoretical advances in system- 
atics in the past three decades have been ap- 
plied to only a few species in Mesoamerica. 
As a result, most species’ taxonomy has seen 
no recent systematic attention, making mod- 
em study imperative. 

Much systematic work will prove necessary 
to delineate the species-level taxa of birds in 
northern Central America. With respect to 
Mexican birds, ongoing systematic studies 
have identified many species-level units that 
need to be recognized for a full appreciation 
of the dimensions of avian biodiversity-for 
example, multiple species are recognizable 
within all three currently recognized Aphelo- 
coma jays (Peterson 1992), Acorn Woodpeck- 
ers (Melunerpes formicivorus; Benitez-Diaz 
1992), Cypseloides swifts (Navarro-Sigtienza 
et al. 1992), Geotrygon quail-doves (Peterson 
1993), Rosy-throated Thrush-Tanager (Rhod- 
inocichlu rosea; Peterson et al., unpubl. data), 
House Wren (Troglodytes aedon; Escalona- 
Segura 1995), and many others. More than 50 
complexes remain in need of study, including 

newly recognized forms that would increase 
the number of species endemic to Mexico by 
at least 240% (Navarro-Sigtienza and Peter- 
son, unpubl. data)! Although action in crea- 
tion of reserves should not await these de- 
tailed examinations, these changes will influ- 
ence the picture of biodiversity in Mexico and 
other northern Central American countries. 

Thirdly, explorations of the application of 
synthetic geographic approaches to biodiver- 
sity questions in northern Central America are 
badly needed. The results presented above are 
the crudest of beginnings, based on imprecise 
data and a subjective regionalization. More 
sophisticated approaches would permit many 
improvements. For example, known occur- 
rence points for species can be associated with 
thematic geographic factors to produce statis- 
tical models of the probability of species’ oc- 
currence across the landscape (e.g., Miller et 
al. 1989, Walker and Cocks 1991, Hollander 
et al. 1994). Remote sensing approaches can 
be used to characterize the distribution and 
limits of large extents of primary habitat 
(Skole and Tucker 1993). Finally, synthetic 
approaches can overlay predicted species’ 
ranges to form “biodiversity maps,” which 
can be compared with geographic features us- 
ing landscape metrics (Van Dorp and Opdam 
1987, Hejl 1992) and used to situate conser- 
vation areas (Harrison and Martinez 1995). 
Synthetic analyses will prove instructive and 
informative about many previously unappre- 
ciated details of biodiversity, especially in ex- 
ceptionally diverse and little-studied tropical 
regions like northern Central America. 
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