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WHY MOUNTAIN PASSES ARE HIGHER IN THE TROPICS*

DANIEL H. JANZEN
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INTRODUCTION

This paper is designed to draw attention to the relation between tropical
climatic uniformity at a given site and the effectiveness of topographic bar-
riers adjacent to the site in preventing movements of plants and animals.
This is not an attempt to explain tropical species diversity (see Pianka,
19606, for a review of this subject), but rather to discuss a factor that should
be considered in any discussion of the relation between topographic and
climatic diversity, and population isolation. Simpson (1964) states that
“‘Small population ranges and numerous barriers against the spread and sym-
patry of related populations would therefore tend to increase density of
species in a region as a whole. Tt will be suggested below that this is a
factor in the increase of species densities in regions of high topographic
relief. I do not, however, know of any evidence that it is more general or
more effective in the tropics.”’ I believe that the climatic regimes discussed
below, and the reactions of organisms to them, indicate that topographic
barriers may be more effective in the tropics. Mountain barriers and their
temperature gradients in Central America, as contrasted to those in North
America, are used as examples; but it is believed that the central idea equally
applies to other tropical areas, types of barriers, and physical parameters.

There are three thoughts central to the argument to be developed: (1) in
respect to temperature, it is the temperature gradient across a mountain
range which determines its effectiveness as a barrier, rather than the abso-
lute height; (2) in Central America, terrestrial temperature regimes are gen-
erally more uniform than Notfth American ones, and differ in their patterns of
overlap across geographic barriers; and (3) it can be assumed that animals
and plants are evolutionarily adapted to, and/or have the ability to acclimate
to, the temperatures normally encountered in their temporal and geographic
habitat (or microhabitat).

MOUNTAIN TEMPERATURE GRADIENTS

Animals and plants encounter a mountain barrier as, among other things,
different temperature regime from that to which they are acclimated or evolu-
tionarily adapted. In general, and granting other environmental factors to
be similar, this different temperature regime could occur as a band across a
flat plain and still be just as impassable. The problem is the usual one of
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how much overlap there is between the temperature regime at the top of the
pass and the valley below. This overlap bears two major considerations:
(1) the number of hours, days, or months when the temperatures on the pass
are similar to those in the valley, and (2) the amount of time and degree to
which the organism can withstand temperatures different from those in the
valley while it is crossing the pass. The outcomes of such crossings are
theoretically measurable at all levels, from the single individual which es-
tablishes a new population but is never joined by further immigrating mem-
bers, to varying rates of individual organism flow (sometimes resulting in
gene flow); there will be some level where the overlap is so great that for
a given population the barrier no longer exists. However, for some other
population with less ability to withstand previously unexperienced tempera-
tures, the same region may be an absolute barrier.

CLIMATIC UNIFORMITY AND OVERLAP

There are areas of great temperature stability in temperate North America
(e.g., coastal bays backed by low mountain ranges such as the area of San
Francisco Bay, California), and areas of large temperature fluctuation in
Central America (e.g., areas of well marked dry and wet seasons, and under
the influence of cold air masses off the Caribbean during the northern winter,
e.g., Veracruz, Mexico). However, contrast of weather records from a Central
American country with those of any state in the United States will quickly
show that, in general, the Central American temperature regime at a given
site is more uniform on a monthly and daily basis at any altitude of distance
from the seas than that of a geographically comparable site in the United
States (Fig. 1; representative monthly means of the daily means, maxima
and minima, for six sites in Costa Rica and in the United States). It is
clear from Fig. 1 that from site to site there may be large differences in
monthly temperatures; but at a given site, relative uniformity is the rule in
a representative tropical country such as Costa Rica.

In respect to the impassability of mountain barriers, and intimately re-
lated to the relative uniformity of temperature regimes, the amount of overlap
between the weather regime at the top of the pass and the valley below is
of utmost importance; the more overlap, the less of a temperature barrier
the mountain presents, and the greater the difference between monthly mean
maxima and minima in the two adjacent regimes, the more overlap there is
likely to be. Six representative overlap patterns in the United States and
Costa Rica are exemplified in Fig. 1. For Costa Rica, the weather records
were extracted from the Annuario Meteorologico for 1961 and 1964. For the
United States, they were taken from U.S. Department of Commerce Weather
Bureau reports (1959) and Marr (1961). Both sets were chosen on the basis
of availability of maxima and minima weather data, and their position on
altitudinal transects. In Fig. 1, patterns of overlap are presented from vir-
tually no overlap (a: Costa Rica—Palmar Sur to Villa Mills, 16 to 3096
meters; d: Colorado—Grand Junction to the top of the front range behind
Boulder, 1616 to 4100 meters), to high containment of the mountaintop regime
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within that of the valley below (c: Costa Rica—Palmar Sur to San Isidro
del General, 16 to 703 meters; f: California—Fresno to Bishop, 110 to 1369
meters).

The form of the Costa Rican temperature regimes and their overlaps in
Fig. 1 is clearly not the same as that of the United States’ regimes. The
following traits of these representative patterns are of importance to or-
ganisms living in one regime and confronted with the problem of moving
through the other temperature regime to get to another area, or merely into
the other regime for short-term activities.

1. The temperate regimes involve much greater changes over the year
than the tropical, in respect to monthly values, and daily values (not shown
in the figures, but clear from weather records).

2. The variation in difference between the monthly mean maxima and
minima, across the change of seasons, is greater in the temperate examples
than the tropical ones.

3. The time of maximum difference between the monthly mean maxima and
minima is the summer (growing season) in the temperate examples and is
the dry season (dormancy season) in the tropical examples.

4. The absolute differences between monthly mean maxima and minima
are greater in the temperate examples during the summer than in the tropical
examples during the rainy season.

5. The greatest amount of overlap between temperature regimes occurs
during the growing season in the temperate examples but during the dry
season in the tropical examples.

It is hypothesized that the amount of overlap between two temperature
adjacent regimes should be greater in the temperate region than in the tropics,
for any given elevational difference between the sites of the two adjacent
regimes, because of the greater distances between the extremes for the tem-
perate regimes as contrasted to tropical. To test this, overlap values be-
tween the temperature regimes of 15 pairs of sites in Costa Rica and 15
pairs of sites in the continental United States (Appendix) were calculated
by the following formula:

overlap value = Z R S

where d; is the amount (in degrees) of one regime that is included within the
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other, for the ith month. If one regime is not included within the other, 4; is
considered negative and has the value of the number of degrees separating
the regimes. Ry; is the difference in degrees between the monthly mean
maximum and minimum for the ith month of the higher elevational regime and
R,; is the equivalent value for the lower elevational regime. Overlap is
being considered in units of the geometric mean between R; and R;; hence
it is the relative overlap, called hereafter simply ‘‘overlap.”” The overlap
value has the property that if the monthly mean maxima of the higher eleva-
tion regime are equal to the monthly mean minima of the lower elevation
regime for all 12 months, the overlap value is zero (a case intermediate
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FIG. 1. Representative temperature regimes of three tropical (A, B, C) sites and
three temperate (D, E, F) sites. Each graph figures two regimes. The dotted lines
trace the monthly temperature means; in all cases the mean of the lower elevation
regime is above that of the higher elevation mean. Solid lines trace the monthly
means of daily maxima and minima; in all cases the two lower solid lines in each
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graph represent the monthly mean minima of the two regimes, with the lowermost

representing the higher elevation site.

Overlap between temperature regimes of ad-

jacent sites is portrayed by cross-hatching, and increases from A and D to C and F.

All graphs are to the same scale.



