AVIAN DISTRIBUTION IN CENTRAL AMERICA

THOMAS R. HOWELL

As Central America is not a naturally delimited geographic entity, I
define it arbitrarily for present purposes as the area from the United States-
Mexico border and the lower Rio Grande valley southward through Panama
and including a small section of Colombian territory southwest of the
Gulf of Urabd. A more exact demarcation of both boundaries is given
below. For the sake of simplicity, Baja California and all offshore islands
are excluded from consideration.

However one defines Central America, the analysis of the distribution
of its avifauna remains an intriguing problem. During most of the
Tertiary, part of the region was crossed by seaways that blocked the spread
of many organisms and interrupted the ranges of others. The long physical
isolation of North and South America permitted the evolution of distinctive
biotas on those continents. The partly submerged and sometimes frag-
mented portions of Central America were for some individuals or groups
an absolute barrier to northward or southward dispersal; for others they
were a filter bridge; for still others, an obstacle that was nevertheless
crossed in both directions, perhaps repeatedly. Around the end of the
Pliocene an isthmus linking the northern and southern continents developed.
This resulted in new and extensive invasions of previously separated sec-
tions of the Central American region by the biotas of North and South
America, a process that is still continuing. Climatic changes in the
Pleistocene influenced the extent and direction of these movements, and
the last glacial period in particular brought about a strong southward
thrust of the northern biota into what is now the tropical zone and doubt-
less caused halts and retreats in the dispersal of many northward-expand-
ing forms of southern derivation.

This rough outline of historical events is well-known to all students of
biogeography, and it has proved especially challenging to zoologists con-
cerned with the distribution of vertebrates from the Cenozoic era to the
Recent. The importance of Central America has been emphasized by
Simpson (1965) in a collection of his writings on mammalian distribution,
and an extensive symposium on the distribution of cold-blooded verte-
brates in Central America was recently published in Copeia (1966, No. 4).
Many ornithologists have dealt with problems of Central American bird
distribution, and the most important of these up until the last decade were
reviewed and discussed by Darlington (1957: 236-319), who also con-
tributed new interpretations. The most recent treatment is that of Mayr
(1964a) who dealt broadly with the entire Tertiary history of the avifauna

203 The Auk, 86: 293-326. April, 1969



294 TuoMas R. HoweLL [Auk, Vol. 86

of the Americas. Mayr commented succinctly on the difficulties and
sources of error in attempting to sort out the various components in the
American avifauna—old and recent colonizers, primary and secondary
North and South American elements, expanding, relict, and unanalyzable
groups—and stressed the need for developing more information from the
analysis of contemporary bird distribution, particularly at the level of
genera and species. It should indeed prove advantageous to analyze the
avifauna of any Central American area in terms of the distribution of
genera and species within each family that occurs there; the data obtained
can then be tested for extrapolation to a broader scale.

I have gathered distributional data on the avifauna of Nicaragua, as
I consider this area to be critical in understanding bird distribution in all
of Central America. It is virtually traditional for each worker to consider
his area of special interest to be the key to such understanding (Griscom,
1932: 3-4; Wetmore, 1965: 1; Haffer, 1967a), and I am no exception;
my reasons are both historical and ecological.

GroLocic HisTory

The interpretation of the geologic history of Central America has under-
gone considerable change (or at least proposed change) in the past decade,
and a brief review should be helpful. The following account discusses areas
in terms of their contemporary names and boundaries in order to avoid
cumbersome circumlocutions.

For many years the most widely accepted versions of the geography of
Central America in the Tertiary were largely derived from Schuchert
(1935). He designated an area extending from Chiapas, Mexico, to north-
ern Nicaragua as “Nuclear Central America”; this was believed to have
been separated from the rest of Mexico and North America by a seaway
across the Isthmus of Tehuantepec and from South America by a seaway
across southern Nicaragua, Costa Rica, and western Panama. The maps
of Tertiary Central America given by Mayr (1946: 8) and Darlington
(1957: 280) represent basically this same picture. Durham et al. (1955),
after a careful geological and paleontological field investigation, concluded
that no Tertiary or Quaternary Tehuantepec seaway existed; none of the
alleged evidence for it could be substantiated. Dr. Durham informs me
(pers. comm.) that his subsequent investigations support his earlier con-
clusion that such a seaway did not exist. With no water gap across
Tehuantepec, then a continuous Tertiary land connection must have ex-
tended from North America at least to the southern boundary of Nuclear
Central America, which is northern Nicaragua (Lloyd, 1963: 88).

Mayr (1964a, 1964b) reconsidered the Tertiary history of the American
avifauna in the light of new data since his 1946 paper and excluded men-
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tion of a Tehuantepec seaway. He stated (1964a: 280) that the ocean gap
separating the two continents ‘‘was apparently largest in the Cretaceous
and early Tertiary. . . . At its widest, the gap ranged from Guatemala or
Honduras southwards and included much of northwestern Colombia.” Dr.
Mayr has kindly informed me (in litt.) that he has no disagreement with
the view that northern Nicaragua was above the sea and joined with the
North American land mass in the Tertiary; in suggesting Guatemala or
Honduras as the southern limit of this mass, he was merely indicating the
general area without specific concern for the sometimes shifting political
boundaries.

Woodring (1954) and Lloyd (1963) envisioned the area between the
southern boundary of Nuclear Central America and South America as a
seaway broken by various archipelagoes from at least early Eocene until
late Pliocene, at which time an isthmian link was formed that connected the
two areas for the first time since the evolution of modern orders of birds
and mammals.

The recent discovery in the Canal Zone of Panama of a Miocene
mammal fauna including large herbivores of North American affinity
necessitates a further reassessment of the entire picture. The detailed
account by Whitmore and Stewart (1965) leaves no doubt that the fauna
of Miocene ungulates in the Canal Zone included members of several
families (Equidae, Rhinoceratidae, Merycoidodontidae, Protoceratidae), all
closely related to North American forms of the same age, that could only
have reached Panama by way of a land connection to the west and north.
On the basis of this evidence Whitmore and Stewart suggest that a Tertiary
land mass not only extended continuously from North America through
Nuclear Central America, but that by early middle Miocene land reached
continuously as far south as the Canal Zone; that intermittent seaways
may have crossed southern Nicaragua and parts of Costa Rica and Panama
during the Miocene; that most of eastern Panama was separated from
Colombia from the Oligocene to the Pliocene by the Bolivar Trough and
was intermittently connected with western Panama; and that the last
seaway to be closed, effecting the complete connection between North,
Central, and South America at the end of the Pliocene, was the Bolivar
Trough across northwest Colombia.

The sum of the current evidence indicates with reasonable certainty
that: (1) at least from the early Tertiary to the present, continuous land
has extended from North America to northern Nicaragua; (2) at least by
early middle Miocene time, land was continuous as far south as the
Panama Canal Zone; (3) no land connection existed between Central and
South America until the end of the Pliocene. Less well-known is the extent



296 Tuomas R. HowEgLw [Auk, Vol. 86

and duration of seaways across the expanse between northern Nicaragua
and northwest Colombia, but it seems certain that some existed. The
Nicaraguan depression that forms the lowlands of southeastern Nicaragua
(including the two great lakes) was the northernmost probable site of a
Tertiary seaway. Even if the Pacific and the Caribbean were never
actually connected in that region, at least an extensive embayment greatly
narrowed the isthmus and must have thereby influenced the north-south
movements of many animal groups. Post-Pliocene events included im-
portant orogenic activity and climatic changes, which contemporary
ecological conditions and animal distributions strongly reflect.

DISTRIBUTIONAL SIGNIFICANCE OF NICARAGUA

As a result of the configuration and history of Central America as an
archipelago-isthmus linking North and South America, its avifauna con-
sists essentially of three components—one of northern derivation, one of
southern derivation, and an endemic component; many taxa of the latter
group are probably derived relatively recently from ancestors of northern
or southern derivation. Sorting out the members of these components is a
difficult zoogeographic problem. One approach would be to choose an
appropriate reference point or region in Central America and to analyze
the geographical affinities of its avifauna—that is to identify, if possible,
those taxa that have reached the reference region from the north or from
the south. For purposes of such analysis, the ideal reference region should
be: (1) the site of a former major geologic discontinuity between northern
and southern land masses; (2) a site of the termination of major types
of habitat; (3) an area that includes the northern or southern limits of
the ranges of many species; and (4) an area that has no taxa confined ex-
clusively within its boundaries.

The region enclosed within the boundaries of Nicaragua fits these four
categories rather closely. It is the site of the juncture of an ancient elevated
northern land mass with a transient lowland area to the south that was
sometimes covered by the sea. Northern Nicaragua marks the southern
extent of naturally occurring pine forests in the western hemisphere, and
no evidence suggests that pines ever extended south of the present limits
(Mirov, 1967). These forests constitute a characteristically northern
habitat, and many species of birds with wide northern distributions reach
their southern limit in the Nicaraguan pines. Another habitat and its
associated avifauna that is presently characteristic of northern Central
America—the arid scrub and thorn forest of the Pacific slope—reaches its
southern limit not far beyond the Nicaraguan border in the northwest
quadrant of Costa Rica. On the Caribbean slope, lowland tropical rain
forest covers much of eastern Nicaragua, including the former Nicaraguan
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depression, and then becomes much dissected among the complex highlands
of Honduras and attenuated as the coast line changes from a north-south
to an east-west direction. Correspondingly a number of lowland rain
forest birds reach the northern limit of their range in Caribbean Nicaragua,
or in the Olancho region of Honduras just to the north.

Despite its large area and its variety of habitats, Nicaragua has no
strictly endemic species of birds although two were formerly thought to be
so. The grackle Cassidix nicaraguensis, found primarily in the vicinity of
the two large Nicaraguan lakes, has extended its range into northeastern
Costa Rica, probably recently in association with deforestation and live-
stock-raising. The seed-finch Oryzoborus nuttingi, which some students
consider conspecific with O. crassirostris of South America, has recently
been collected in Costa Rica and western Panama. Other forms found
only in Nicaragua and discontinuously in areas farther to the south
(Gampsonyx swainsonii, Nyctiphrynus ocellatus, Lurocalis semitorquatus,
Myrmornis torquata) are only subspecifically differentiated, it at all, from
the more southern populations. With these few exceptions, all species found
in Nicaragua also range into areas immediately to the north or south or
both. Thus, to paraphrase G. Evelyn Hutchinson rather outrageously, I
propose that Nicaragua is a particularly good historico-ecological theater
in which to study the Central American distributional play.

It is at once evident that the simple theoretical ideal of categorizing
Nicaraguan birds as northern or southern (or as Central American
endemics of northern or southern affinity) can only be approached and not
fulfilled. Widespread forms such as many water birds, raptors, and aerial
feeders may never be designated with a high degree of probability as de-
rived from a particular region. Climatic changes associated with glacial
and interglacial periods in the Pleistocene must have caused alternate
southward and northward extensions of range of many groups, and the
fossil record relevant to Central American bird distribution is discourag-
ingly meager. Nevertheless with appropriate caution and restraint, useful
data should be obtainable from analysis of contemporary patterns of
distribution.

DEFINITIONS AND PREMISES

Terms must be defined before continuation of the discussion. Unless
otherwise stated, by “distribution” I refer to post-Pliocene distribution;
by “northern” and “southern” I refer to areas north or south of Nicaragua;
by “affinity” 1 refer to a geographical relationship of a contemporary
population with the region from which its present distribution was de-
rived. Thus in stating that a taxon is of northern or southern affinity, I
mean to suggest that its post-Pliocene distribution stems from populations



298 Taomas R. HoweLL [Auk, Vol. 86

that formerly were or still are found only north or south of Nicaragua,
respectively. In the subsequent distributional analysis, the following three
premises are adopted as reasonable and valid except in cases where there
is specific evidence to the contrary:

1. Any taxon found exclusively in the area from Nicaragua northward
is of northern affinity. The only alternative explanation for such a dis-
tributional pattern would be that a taxon of originally southern dis-
tribution extended its range north of Nicaragua, maintained itself there,
and failed to survive in more southern areas. This seems highly improb-
able. It is possible that the taxon in question may formerly have had a
more extended distribution southward and that the populations south of
Nicaragua have not survived; if so, the contraction of the range northward
suggests that the taxon is indeed of northern affinity and thus supports
the original premise. Some representatives of more southern areas have un-
doubtedly colonized areas north of Nicaragua, but most of these still exist
as southern populations also. Other originally ‘“southern” colonizers have
differentiated into distinct taxa in the north—in which case the latter
may be considered forms of northern affinity (see example below). It
should be emphasized that these premises apply only to the particular
taxon under consideration and not necessarily to the higher categories to
which it belongs. For example a species may be of northern affinity
(Synallaxis erythrothorax; Furnariidae; southern Mexico to Honduras)
although the family and the genus are of southern derivation.

2. Any taxon found exclusively in the area from Nicaragua southward is
of southern affinity. The reasoning is the same as in the previous premise,
including the provision that a species may be of southern affinity
(Vermivora gutturalis; Parulidae; mountains of Costa Rica and western
Panama) although the genus and probably the family are of northern
affinity. This premise may seem less secure than the first one as it is
easier to imagine a northern taxon shifting its range southward during
a Pleistocene glacial period and then remaining only in the southern area
as an isolated relict population. However it is improbable that the entire
population of a taxon would shift its range and leave no remnants in
the northern area. For example there is an isolated population of the
Acorn Woodpecker (Melanerpes formicivorus) in Colombia but the species
also occurs from Oregon south to western Panama. Even if an entire popu-
lation did shift southward during a glacial period without leaving remnants
in the north, it is unlikely that none would expand back into the northern
part of the original range under ameliorated conditions. For example it
could possibly be argued that a species with a range such as that of
Ramphastos swainsonii (Ramphastidae: northwestern South America to
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eastern Honduras) is actually of northern affinity, that its range shifted
far to the south during a glacial period, and that it is still extending its
range northward toward its area of origin but has not yet reached it. Those
northern tropical populations that moved south during periods of glaciation
would probably be the first to reoccupy the northernmost areas that again
became habitable for tropical forms in postglacial times. The thousands
of years since the last glacial period constitute ample time for such range
expansion to the present northern limits of tropical habitat. Other reasons
why a species may not have reoccupied its surmised former range—that
the more northern tropical areas are in some way unsuitable, or that they
are already occupied by competitors—are arguments in favor of the
hypothesis of southern affinity. In general, a form that has moved south
and north with a particular habitat would be expected to occupy the exist-
ing area of that habitat to the fullest extent possible at any given time.

3. The extent to which a taxon ranges south or north of Nicaragua is a
rough indication of the probability of northern or southern affinity, re-
spectively. This premise applies to those forms that are not confined
to the northern or southern sections of Central America, and it follows
from the {first two premises. For example, species such as Dendrortyx
leucophrys (Phasianidae; southern Mexico to northern Costa Rica) is
probably of northern affinity; species such as Ramphastos swainsonii (see
above) and Myrmotherula fulviventris (Formicariidae; Ecuador to eastern
Honduras) are probably of southern affinity. The farther the “short end”
of the range extends beyond Nicaragua, the greater the possibility of error
in designating northern or southern affinity. Wide-ranging forms are un-
analyzable in this manner unless additional evidence relevant to the prob-
lem is available.

METHODS

In order to test the above premises and the suggested importance of the Nicaraguan
region for consistency with the available evidence on Central American bird distribu-
tion, I have devised a diagrammatic method of representing distributional data that
utilizes Nicaragua as the reference region with which the rest of Central America may
be compared. Hopefully this distributional model has relevance for all of Central
America and, as the method may be applicable to other isthmian areas or to island
chains extending between continents, it is presented here despite its still tentative form.

As bird distribution in Central America tends to fall into gradients following the k ng
axis of the land mass, a plot of the avifaunas of sequential segments of the en ire
area should reflect distributional trends. Ideally Central America could be divirled
into such segments at points representing major avifaunal discontinuities that would
correspond to important contemporary geographic and ecological interruptions. Un-
fortunately such concordance of discontinuities is never perfect except on a limited
scale, and divisions must therefore be at least partly arbitrary. I have attempted to
divide Central America into segments with lines that approximate zoogeographically
significant terminations in the ranges of at least some birds. The segments are not
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Map 1. Central America and Northwest Colombia as herein defined, divided
into sequential segments (see text for explanation).

proposed as centers of origin or as refugia; they are simply portions of a distributional
spectrum. Broad boundaries are drawn, as with a wide brush on a small scale map,
in order to accommodate those inevitable instances in which a species’ range is entirely
on one side of a particular line except for a few recorded occurrences slightly beyond
it. The division into segments is shown in Map 1.

Line I. It would be desirable to have the northernmost line drawn across the exact
northern limits of the tropical avifauna in Mexico, but these limits prove impossible
to define. No matter where the line is drawn, always a few widespread species of
probable tropical derivation range slightly farther north. I have arbitrarily drawn a
slightly bent line from latitude 28° N on the west side to 27° N on the Gulf coast
of Texas. The line extends from the vicinity of Guaymas, Sonora, to the northern
borders of Nuevo Leon and Tamaulipas at about 27° 30’ N (vicinity of Laredo,
Texas), and then southeast to the intersection of 27° N with the Texas coast; the
lower Rio Grande delta thus lies south of this boundary. This line approximates the
northern limits of such presently tropical families as the Cracidae, Momotidae, and
Dendrocolaptidae, and only two species in the Trogonidae (7rogon elegans and
Euptilotis neoxenus) and one species in the Cotingidae (Platvpsaris aglaiae) extend
beyond it. Many other tropical genera and species extend only as far north as the
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Alamos-Rio Mayo region of Sonora in the west (van Rossem, 1945) and the lower
Rio Grande valley in the east. (Friedmann et al. 1950; Miller et al. 1957; AOU,
1957; Bennett, 1966), and the 28°-27° N line is just north of these areas. Also some
northern species that reach extreme northwestern Mexico do not extend south beyond
this line.

Line II is drawn from the intersection of latitude 20° N with the coast of central
Veracruz south to the city of Oaxaca and then westward to the Oaxaca-Guerrero
border on the Pacific Coast. This line approximates the northern limit of the range
of many birds of the tropical lowlands and also the southern limit for some highland
forms found on the central plateau of Mexico. The area delimited between this line
and Line I is herein called Central Mexico, and it includes the lower Rio Grande
valley in Texas.

Line IIT is the border between Guatemala and Honduras-El Salvador (the latter
two republics are treated as a unit so that each segment spans the isthmus from coast
to coast). It approximates the southern limit of most of the forms characteristic of
the Yucatan peninsula (including British Honduras) as well as others not found
south of the highest peaks in the Guatemalan highlands. Some forms found in the
Caribbean lowlands farther south do not extend north of this line. This area is col-
lectively referred to as Southern Mexico-Guatemala-British Honduras.

Line IV is the boundary between Honduras-El Salvador and Nicaragua. The high-
lands of northern Nicaragua are almost entirely below 6,000 feet in elevation, and a
number of montane forms reach their southern limit in E! Salvador and Honduras
very near the Nicaraguan border. As previously mentioned, many Caribbean lowland
species do not range north of Nicaragua, and the Honduras-El Salvador area is thus
a useful zoogeographic unit.

Line V is the boundary between Nicaragua and Costa Rica and sets off Nicaragua
as the reference region.

Line VI is drawn irregularly across Panama from the eastern edge of Chiriqui
Lagoon on the Caribbean slope of the continental divide, east to the vicinity of Cerro
Campana in western Panama Province, then back to the west along the Pacific slope
of the divide to about 81° 30’ W near the Chiriqui-Veraguas boundary, then east and
south to run slightly east of the eastern boundary of Veraguas Province in the
Azuero Peninsula. I am indebted to Eugene Eisenmann for suggesting this line of
demarcation, which includes the highlands of western Panama with those of Costa
Rica and places appropriate sections of lowlands with those of eastern Panama.

Line VII is drawn to include with eastern Panama that portion of Colombia
directly west of the Gulf of Uraba. The line follows the Rio Atrato from its delta
to the center of the isthmus and then swings west to join the Panama border; the
spur of Colombian territory that encompasses the Alturas de Nique (just south of
Cerro Pirri) is also included. Although this segment of Central America is a small one
with many similarities to northwest Colombia, it is sufficiently distinctive distribu-
tionally to warrant separation. Several genera and species of birds are endemic to
this region, and for many others it constitutes an interruption of their range between
western Panama and Colombia (Eisenmann, 1955; Meyer de Schauensee, 1964;
Haffer, 1967a, 1967b). This area is designated as Eastern Panama-Rio Atrato.

The entire series of segments of Central America is then bracketed by two ad-
ditional sections—Mexico (“Northwest Mexico”) north of Line I, and Colombia
(“Northwest Colombia”) west of the Santa Marta Mountains and the Sierra de
Perija; north of the Central and Western Andes; and the west slope of the Western
Andes and the Pacific lowlands south into Narifio, where the three Andean ranges
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merge (Map 1). The bracketing regions are selected on the grounds that virtually
all genera and species that breed in some part of Central America and also in either
North or South America are found in either Northwest Mexico or Northwest
Colombia, respectively. With rare exceptions no Central American form skips over
Northwest Mexico or Northwest Colombia and reappears in other parts of the
continental areas. On the other hand these bracketing regions usually include taxa
that do not extend into Nicaragua or other parts of Central America, although there
may be no obvious physical or ecologic barriers to their distribution. Thus considera-
tion of the avifauna of these bracketing regions often indicates the variety and
abundance of taxa that do not reach most of Central America and also calls attention
to those forms that do not extend beyond the limits of Central America as herein
defined. Areas north and south of the bracketing regions have probably not contributed
to the contemporary avifauna of Central America except by way of Northwest Mexico
and Northwest Colombia, respectively—in which case they are included in the
diagrammatic model.

In some cases I have used arbitrary judgment in including or excluding certain
taxa from the bracketing areas. For example Corvus brachyrhynchos and Gymmnorhinus
cyanocephalus are not included in Northwest Mexico as neither is known to breed
there; Nucifraga is included as questionable. In Colombia all forms restricted to the
temperate and paramo zones of the mountains are excluded as most of these have
little or no relevance to Central America (Eremophile is a well-known exception),
and certain forms that reach “Northwest Colombia” only in Narifio (such as Capito
squamatus: western Ecuador to southwestern Narifio) are excluded for the same
reason.

If the range of a genus or species that breeds in Central America does not extend
into either of the bracketing regions, a Central American origin is suggested; if its
range extends into only one of the bracketing regions, the possibility of derivation
from that continent should be considered; if its range extends into both bracketing
regions, the chances of determining its earlier geographical affinities (northern, south-
ern, or Central American endemic) are slight.

PREPARATION OF THE DIAGRAMS

Following the premises and methods described above, the diagrams are prepared
through the following steps:

1. A horizontal base line representing the number of genera and species in a given
family that are found in Nicaragua is drawn.

2. This line is divided into segments representing the different regions discussed
above, except that Nicaragua is represented as a point and not as a segment as it
is the reference region with which the others are compared.

3. Genera are represented by squares and species by circles. Only known or probable
breeding forms are included, and subspecies are not considered.

4. All genera and species in the given family that are found in one or more regions
but not in Nicaragua are plotted in vertical columns above the segment of the base
line representing that region or regions.

5. All genera and species in the given family that are found within Nicaragua but
not in one or more of the other regions are plotted below the segment of the base
line representing the region of absence.

6. Taxa found throughout all the regions (including Northwest Mexico and North-
west Colombia) are not plotted but are listed by name and indicated by a “x”
adjacent to the diagram. Thus only those taxa with distributions that terminate at
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Figure 1. Base line of distributional diagram, divided into quadrants.

some point in Central America or Northwest Colombia are plotted; the others are
listed only.

7. Genera in each family are numbered in the sequence given in Eisenmann’s (1955)
and Meyer de Schauensee’s (1966) lists of Middle American and South American
birds. Species take the number of the genus with the addition of a letter (1a, 1b, Ic,
if the genus contains more than one species) following in general the sequence of the
above-mentioned lists. Fortunately no Central American genus includes more than
26 species! All species that are known (or reasonably presumed) to breed in Central
America and Northwest Colombia are listed, with their numbers, for each family.

8. Discontinuously distributed taxa that skip one or more entire region(s) are
marked in the lists by an asterisk. Central American endemics that include or bracket
Nicaragua within their range are marked in the diagram with a dagger at each end
of the range. Further refinements of notation to incorporate additional information
are discussed below.

EXAMPLES AND INTERPRETATIONS

Figure 1 shows the simplest possible diagram—a base line on which
nothing is plotted. This would represent the distribution of a family in
which all taxa were found throughout all the regions; however no such
family exists.

Suppose that a family is represented by several taxa in Northwest
Mexico and that the number of taxa declines progressively to the south,
with none at all reaching Nicaragua. Plotting only solid columns for
simplicity’s sake, the resulting pattern is given in Figure 2. The diagram
visually suggests a group of northern affinity, the distribution of which
is attenuated as it ranges southward into Central America and terminates
north of Nicaragua. Figure 3 diagrams the actual distribution of the family
Paridae, a group of northern affinity that closely fits the hypothetical
model. A group of southern affinity extending northward without reaching
Nicaragua would yield a diagram approximating a mirror image of Figure
2; the family Capitonidae fits this model (Figure 4).
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Figure 2. Hypothetical distributional pattern of taxa in a family of northern
affinity, none of which range southward into Nicaragua.

Suppose now that a family has a distribution similar to that of the
Capitonidae except that some taxa reach Nicaragua and a diminishing
number of these extend into areas farther north. The resulting pattern is
shown in Figure 5, and it suggests a group of southern affinity but a
rather expansive one; if no taxon extends beyond Line I, the case for
complete southern affinity is strengthened. Figure 6 illustrates the com-
bined pattern for the families Galbulidae, Bucconidae, and Ramphastidae,
all of which are similar in distribution with none extending north of Line
I. Note that nothing is plotted above the line north of Nicaragua and
nothing below the line south of Nicaragua; this indicates that no genus
or species in these families is endemic to the areas north of Nicaragua and

S. MEX-  HOND- C.R- E. PAN-
NWMEX. C.MEX. GUAT-BH. EL SAL. NIC. W. PAN. R.ATR. N.W.COL. Paridae
: la. Parus sclateri
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Figure 3. Distribution of the Paridae in Central America. (Raitt (1967) has
recently shown that P. minimus and melanotis, although well-marked forms, are
conspecific.)
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Figure 4. Distribution of the Capitonidae in Central America and Northwest
Colombia.

that all genera and species found in Nicaragua are also found at least as
far as Northwest Colombia. Nothing is plotted above or below the segment
representing Honduras-El Salvador, which indicates that this region in-
cludes exactly the same taxa in these families as does Nicaragua. The total
pattern strongly suggests a group of southern affinity, probably of South
American derivation, some members of which range northward from South
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Figure 5. Hypothetical distributional pattern of an expansive family of southern
affinity.
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S. MEX—  HOND— CR-  E.PAN- Galbulidae, Bucconidae,
NW.MEX. C.MEX. GUAT-B.H EL SAL. NIC. W. PAN. R.ATR., N.W.COL. Ramphastidae

la. Brachygalba salmoni

2a. Galbula ruficauda

3. Jacamerops aurea

4a. Notharchus macrorhynchos

4b. N. pectoralis

de. N tectus

5a. Bucco noanamae

6a. Nystalus radiatus

7a. Malacoptila panamensis

7b. M. mystacalis

8. Micromonacha lanceoiata

9a. Nonnula ruficapilla

10. Hapaloptila castanea

1la. Monasa morphoeus

12a. Aulacorhynchus prasinus
(inct.caerulesgutaris)

12b. A. haematopyqus

13a. Pterglossus torquatus
tincl. frantzii)

13b. P. sanguineus

14a. Selenidera spectabilis

152. Andigena nigrirostris

16a. Ramphastos sulturatus

16b. R. swainsonii
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Figure 6. Distribution of the Galbulidae-Bucconidae-Ramphastidae in Central
America and Northwest Colombia, including geographic affinity and species diversity
curve (see text for explanation).

America for various distances but none beyond the tropical zone in Central
America. This interpretation is consistent with generally accepted views
about the distributional history of the three families (Mayr, 1964b). A
mirror image of this pattern, with taxa above the line ownly north of
Nicaragua and below the line only south of it, would suggest the converse
interpretation—a group of northern affinity, probably of North American
derivation, some taxa of which had ranges extending far south into Central
America. However no family fits such a model without exceptions.

It is convenient to consider the diagrams as divided into quadrants
north and south of Nicaragua and above and below the line. These are
designated N and N’, S and §” (Figure 1). Reasoning from the preceding
premises and examples, I suggest that all taxa included exclusively in N
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Figure 7. Hypothetical distribution pattern of a family of northern affinity with
secondary radiation south of Nicaragua.

or N’ are of northern affinity and all taxa included exclusively in S and §&
are of southern affinity. If a taxon is plotted in both N’ and S’ (not ex-
clusively in one or the other), its distribution is confined to some part of
Central America including Nicaragua, and suggesting northern or
southern affinity may not be admissible.

The families considered so far have distributions that fall into simple
diagrammatic patterns; most families, of course, have more complex
distributions with taxa appearing in three or usually all four quadrants
of the diagram. Figure 7 illustrates a hypothetical pattern suggestive of
a group of northern affinity that has reached Nicaragua and beyond with
some secondary radiation of taxa south of Nicaragua (N, N’, and S). Note
the absence of an §" component. If this family were primarily of southern
affinity and had expanded northward extensively, one would surely expect
an S’ component, indicating some progressive dropping out of taxa north
of Nicaragua (see Figure 6). The pattern suggests instead an expansive
northern component (N and N’) and a less expansive southern one (S
only). Figure 8 diagrams the distribution of the family Corvidae, which
fits the hypothetical model moderately well with some additional com-
plexities (if fewer genera are recognized, the complexities are lessened,
cf. Amadon, 1944, Hardy, 1961). The genera Cyanocorax and Cyanolyca
do not occur in Nicaragua and the relevant species that appear in both N
and S are marked in the species list with an asterisk. There is a small
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S.MEX-  HOND- C.R~ E. PAN.-
GUAT-B.H. EL SAL. 1C.  W.PAN. R_ATR. N.W.COL. Corvidae

i la. Corvus corax

i 1h. C. cryptoleucus

lc. C. imparatus

?2a. Nucifraga columniana

) idoubtful if breeds in N/ Mex.}
! 3. Calocitta formosa

4. Psilorhinus morio
tincl. mexicanus)

Sa. Cyanocorax affinis

5h. C. dickeyi

. C. yncas

. Cissilopha san-1:lasiana
| 6h, C. yucatanica
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Figure 8 Distribution of the Corvidae in Central America and Northwest
Colombia, with geographic affinity curves and species diversity curve. The points on
the curves represent the same regions, in the same sequence, as in the distributional
diagram (see text for further explanation).

§” component, but the genera and the species also appear in N’ and are
thus Central American endemics (Calocitta formosa, Psilorhinus morio and
Cissilopha melanocyanea, marked with a dagger) and not necessarily or
even probably of southern affinity. No genus (as currently recognized)
or species occurs throughout the entire area. This pattern supports the
hypothesis that the family is of Old World derivation, reaching the New
World from the Palearctic region, and that the jays underwent considerable
radiation in North and Central America with relatively few forms reaching
South America, where further speciation occurred. (Amadon, 1944;
Parkes, 1958; Mayr, 1964b). Possibly Cyanocorax affinis represents a
species of subsequent South American derivation that has extended its
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S. MEX.— HOND.- C.R- E. PAN-
NW MEX. C.MEX. GUAT-BH. EL SAL. NIC. W.PAN. R. ATR. N.W.COL. Furnariidee

le. Furnarius leucopus
Synallaxis albescens
2b. S. brachyura
2c. S erythrothorax
2d. S. ozarce
3a. Certhiaxis cinnamomea
4q. Poecilurus candei
50. Cranioleuca erythrops
60 Xenerpestes minlosi
7o. Margarornis bellulus
7b. M. rubiginosus
Tc. M. squamiger
7d. M. stellatus
* 8a. Pseudocolaptes lowrencii
8b. P. boissonneautii
9. Hyloctistes subulatus
10a Syndactylo subalaris
= |la. Anabacerthia variegaticeps
Ilb. A striaticollis
12a. Philydor erythrocercus
*12b. P. rufus
13a. Automolus rubiginosus
13b. A ochrolaemus
+[4. Genus Thripadectes
14a. T rufobrunneus
145, T. holostictus
t4c. T, virgeticeps
14d. T ignobilis
150. Xenops rutilans
15b. X. minutus
#160. Sclerurys albigularis
#|6b. S. mexicanus
16¢. S. quatemalensis
(7. Lochmias nematura
18a. Premnoplex brunnescens
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Figure 9. Distribution of the Furnariidae in Central America and Northwest
Colombia, with geographic affinity and species diversity curves (see Figure 8 and
text for explanation).
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S. MEX-  HOND- CR- E PAN-
NW.MEX. C.MEX. GUAT-BH. EL SAL. NIC. W.PAN. R.ATR. NW.COL Momotidae
1. Hylomanes momotula
2. Aspatha gularis
3a. Electron platyrhynchum
3b. E. carinatum
@ @ ‘ 4. Eumomota superciliosa
@ | v@% @ 5. Baryphthengus ruficapillus
+ 6a. Momotus mexicanus
@ @ 6b. M. momota {incl. subrufescens)

i
i
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000660
FIEEE
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©®

i
Figure 10. Distribution of the Momotidae in Central America and Northwest
Colombia.

range northward through Panama into Costa Rica. Note that the S com-
ponent includes no genera that do not also range widely throughout much
of Central America; thus no genera are endemic to the region south of
Nicaragua (Uroleuca is not recognized as distinct from Cwvanocorax),
but several genera either do not reach Nicaragua from the north or fail
to extend beyond it. This situation further supports the suggestion that
the family is primarily of northern affinity.

The distribution of the family Furnariidae provides a similar but con-
verse pattern that is also more clear-cut (Figure 9). This is a group of
southern affinity that has extended northward into Central America, with
many taxa failing to reach or extend beyond Nicaragua. The small N
component includes two forms that are unrecorded from Nicaragua but
are otherwise found from Central Mexico into South America. Only a
single species, Synallaxis erythrothorax, is endemic to the region north of
Nicaragua and constitutes the only furnariid species of northern affinity;
all other taxa found north of Nicaragua range all the way from Northwest
Colombia, as shown by the absence of an N’ component.

Figure 10 shows the distribution of the Momotidae. This pattern is
unique in having N, N’, and S’ components but no S, as no taxa within
the family are found exclusively south of Nicaragua, which is not only
unique, but remarkable for an entirely tropical family. Note that two
genera and four species are restricted to Central America, and half of
these are confined to areas north of Nicaragua. No genus or species is
endemic to South America unless M. subrufescens is considered specifically
distinct from M. momota or Baryphthengus ruficapillus distinct from B.
martii. The total pattern strongly suggests a group of Central American
derivation, some members of which have extended into South America.
Only one form, B. ruficapillus, has a distribution strongly suggestive of
southern affinity. The distributional diagram thus lends support to the
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S. MEX-  HOND- C.R- €. PAN—
NWMEX. C.MEX. GUAT-BH EL SAL. IC. W.PAN. R ATR.
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Cotingidae

la. Cotinge nattererii
{incl. amabiiis, ridgwayi)
* 2. Carpodectes nitidus
{incl. antoniae, hopkei}

3Ja. Ampelion rubrocristatus
3b. A. rufaxille

40. Pipreola riefferii

4b. P. jucunde

5. Ampelioides tschudii

6a. Atftila spediceus

7a. Laniocera rufescens

8a. Rhytipterna holerythra
9a. Lipaugus unirufus

9b. L. cryptolophus

9c. L. fuscocinereus
#|0a. Pachyramphus versicolor
10b. P. rufus

10c. P. cinnamomeus

10d. P. polychopterus

*%|0e. P. albogriseus
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Figure 11. Distribution of the Cotingidae in Central America and Northwest
Colombia, with geographic affinity and species diversity curves (see Figure 8 and
text for explanation).

hypothesis that the motmots are a family of Central American origin, as
Chapman (1923) postulated.

The family Cotingidae (Figure 11) presents still another three-quadrant
pattern. The large S and S’ components suggest a group that is primarily
of southern affinity; a relatively few forms are found in both N” and ¥,
indicating a small Central American endemic component.
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If Cotinga amabilis, C. ridgwayi, and C. nattererii are considered con-
specific and Carpodectes nitidus, C. antoniae, and C. hopkei are likewise
regarded as a single species, the distributional picture is simplified. There
can be little doubt that the Central American populations of Cotinga are,
at most, slightly differentiated species derived ultimately from South
American ancestors. This seems less probable for Carpodectes as hopkei
is the only form found in South America, and it occupies a relatively
limited range on the Pacific coast of Colombia and northwestern Ecuador.
It is possible that the genus Carpodectes evolved in southern Central
America; if so, the genus and the species would still be of southern af-
finity as herein defined. Lumping each group of three species arranges
them in the diagram with taxa of southern affinity, and as this seems
reasonable T have combined them under the names Cotinga nattererii and
Carpodectes nitidus.

Pachyramphus major seems clearly of northern affinity, and it is al-
lopatric with the southern P. albogriseus. The latter is apparently absent
from Northwest Colombia as herein delimited, although it occurs elsewhere
in that country; I have placed it under the line in that area with a double
asterisk to indicate its anomalous distribution.

The genus Procnias is one of the very few found in Central America
that skips Northwest Colombia and reappears farther east in South
America.

Meyer de Schauensee (1966: 314) quotes Ames’ and Warter’s view
that the Attilinae should be transferred to the Tyrannidae. I am inclined
to agree, but prefer to follow current usage until publication of the relevant
evidence. All the taxa in question are part of the southern component, and
their deletion would make the south-to-north slope somewhat less steep.

When their distribution is plotted with Nicaragua as a reference point,
most families are found to have taxa falling in all four quadrants, N, N’,
S, §”. These patterns indicate, as expected, that the Nicaraguan representa-
tives of these families include forms of both northern and southern af-
finities. The family Picidae exemplifies such a pattern (Figure 12). It
will be seen that Nicaragua includes three Central American endemic forms
(Piculus simplex, Celeus castaneus, and Phloeoceastes guatemalensis);
other than these, it is reasonable to suggest that all taxa included in N and
N’ are of northern affinity and all those included in S and S’ are of south-
ern affinity.

Further information may be developed in the model if a symbol to
indicate the principal habitat of each species is entered beside the species
symbols (Figure 12). In designating habitat types I follow Monroe’s
(1969) adaptation of Carr’s (1950) classification of animal habitats in
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§.MEX- HOND~
NW.MEX. C.MEX.  GUAT-BH. EL SAL. IC.

Habitat symbols:
R = Tropical lowland rain (or moist) forest
0 = Tropical deciduous {monsoon) forest
A = Arid {mixed) serub and thorn forest; desert
HP = Highland pine and pine-oak
PS = Lowlond pine savanna
Sbt = Subtropical forest
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Picidae

. Picumnus olivaceus
. P. cinnamomeus

Genus Colaptes

. C. auratus
. Chrysoptilus punctigula
. Piculus auricularis

o

. aeruginosus

. rubiginosus
simplex

. callopterus

. chrysochforos
. rivolii

. leucolaemus

o

. Celeus castaneus

. C. loricatus

. Dryocopus lineatus

. Melanerpes formiciverus
. Centurus uropygialis

hypopotius
aurifrons
chrysogenys
pygmaeus
rubricapillus
pucherani
chrysauchen

COoOO000

. Veniliornis fumigatus
. V. Kirkii

. V. cassind

. V. callonotus

. V. dignus

. Dendrocopos villosus

. D, scalaris

. D. stricklandi

. Phloeoceastes guatemalensis
. P. melanoleucos

. P. haematogaster

. P. pollens

. Campephilus imperialis

Figure 12. Distribution of the Picidae in Central America and Northwest Colombia
(see text for discussion of habitat symbols), with geographic affinity and species
diversity curves (see Figure 8 and text for explanation).

Honduras. In designating habitats by symbols it is impossible to indicate
finer distinctions such as preference for edge situations, second growth,
or lower or higher levels within forest. The symbols are meant to suggest
in general, not in detail, the environment in which most of the species’

range lies.

When the habitat symbols are added to the diagram for the family
Picidae, it will be noted that most species in the N and N” components are
birds of the arid scrub or pine or pine-oak habitats; most species in the S
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Cracidae

la. Crax rubra

3c. 0. leucogastra

3d. O. garrula (incl. cinereiceps)
4. Penelopina nigra

=5. Genus Chamaepetes

5a. C. unicolor

5b. C. goudotii

6. Oreophasis derbianus

7. Aburria aburri

b, C. alberti
2a. Penelope purpurascens
@ 2b. P, ortoni
3a. Ortalis poliocephala
E\ 3b. 0. vetula
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Figure 13. Distribution of the Cracidae in Central America and Northwest
Colombia, with geographic affinity and species diversity curves (see Figure 8 and
text for explanation).

and § components are birds of humid lowland broad-leafed forests. The
habitat data are in accord with the distributional interpretation suggested
by the pattern of the diagram, for arid scrub and pine associations occur in
Central America largely or exclusively north of Nicaragua and humid
lowland forests are most extensive and continuous from Nicaragua south.
It is noteworthy that the four species in the N-N’ component that inhabit
humid lowland forests are allopatric with closely related species farther
south.

The family Cracidae has been cited as an example in which contemporary
distribution could mislead the zoogeographer (Mayr, 1964a: 287). The
range of Recent forms could suggest a group of South American origin that
has spread northward relatively recently into Central America, whereas
the fossil record shows that cracids were present in North America as far
back as the Oligocene or even the Eocene (Brodkorb, 1964: 303). The
diagram (Figure 13) utilizes the revisions of Vuilleumier (1965) and
Vaurie (1965), following Moore and Medina (1957) with regard to
Ortalis species of Mexico. Note the presence of a distinct component of
northern affinity that includes two endemic genera. This contrasts with
the patterns of groups such as the Galbulidae-Bucconidae-Ramphastidae,
for which all available evidence indicates a South American center of
dispersal, and is consistent with the fact that the cracids have a long
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history of occurrence in areas north of the present-day region of greatest
abundance and diversity. The interpretation of contemporary cracid
distribution based on the diagram is in general accord with that of Haffer
(1967a: 361-362); the diagram also suggests that Ortalis, with three
species of northern affinity in Central America, may have been an oc-
cupant of that area somewhat earlier than Crex and Penelope.

The Cathartidae are also known from the fossil record to have been
an abundant and varied group in North America dating back at least to
the Lower Oligocene (Brodkorb, 1964: 252), although the present dis-
tribution might suggest an origin in South America and a relatively recent
invasion of the northern continent. The presence of Gymmnogyps, a dis-
tinct genus now restricted to regions north of 28-27° N, suggests the
existence of the once-important northern component that the fossil record
reveals.

GEOGRAPHICAL AFFINITY AND SPECIES DIVERSITY

The examples that have been cited show some of the ways in which
the model may be useful in interpreting the distribution of particular
families, especially for the reference region (in this case, Nicaragua).
Still other uses can be derived from the above-and-below the line form,
which may at first appear more confusing than helpful.

Considering species only, a simple graph may be constructed by using
the number of species in each region above and below the line as points
and connecting them sequentially. This produces two curves running from
N to N’ (dashed line) and S to S’ (solid line), intersecting through
Nicaragua. Figure 8 shows such a graph for the Corvidae; it is merely a
simplified representation of the diagram, and the slopes of the two curves
suggest the rate of change (in relation to Nicaragua) in numbers of species
of presumed northern and southern affinity throughout Central America.
Recall that, according to the premises proposed, all taxa in one or the
other of the terminal columns in N’ and S’ (below the line, in Northwest
Mexico, Northwest Colombia) are of northern and southern affinity,
respectively, as indicated by the fact that they have “dropped out” south or
north of Nicaragua. (Any that have not dropped out at either end are not
plotted but listed with an “x” symbol.) The relative contributions to the
Central American avifauna of species of the northern and southern com-
ponents may be clarified by shifting the curves vertically so that hoth
terminal points fall on the same base line. The distance between this base
line and a point on the N to N’ curve gives the number of species of north-
ern affinity in that geographic region, and the distance to the corresponding
point on the S to S’ curve gives the number of species of southern affinity.
The sum of these (plus the number of species, if any, found throughout all



316 TromMas R. HOWELL [Auk, Vol. 86

of Central America) gives the total number of species found in the
particular geographic region. 