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DIFFERENCES BETWEEN WET AND DRY SUCCESSIONAL TROPICAL
ECOSYSTEMS

John J. EWEL *

RESUME.

Différences entre les écosystémes secondaires des régions tropicales humides
et séches.

L’auteur compare le développement structural, la stabilité et la régénération pour
des végétations secondaires tropicales correspondant a divers degrés d’humidité.
Les mesures ont étéeffectuées pour desrecr(ls en sept stations a Costa-Rica et Porto-
Rico, dont trois emplacements situés dans la zone forestiére séche. Le développe-
ment du couvert pendant la premiére année, ’index foliaire, la taille et I'irrégularité
du couvert, ainsi que la stabilité, la germination, I’installation des plantules et la
richesse spécifique sont comparés pour les deux séries progressives.

ABSTRACT.

The author compares structural development, stability and regeneration among
successional vegetation in tropical ecosystems of varying degrees of wetness and
dryness. Measurements on second growth vegetation were made in seven sites in
Costa Rica and Puerto Rico, of wich three are in dry forest zones. Data on canopy
development during the first year, leaf area index, height growth and canopy
patchniness as well as stability, seed germination, seedling establishment and
species richness are compared for both secondary successional ecosystems.

INTRODUCTION

The complex, mature forests of the tropical lowlands have historically attrac-
ted considerable ecological attention, but the much-neglected successional forests
are certainly of at least equal importance for two reasons. First, the successional
ecosystems are, by definition, those with a positive net primary productivity ; they
are, therefore, those with some potential for yield of food and fiber for human
needs. Second, the successional ecosystems occupy tremendous areas, principally
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because of shifting agriculture, logging operations, and, more recently in the
neotropics, the abandonment of unsuccessful attempts to convert humid lowland
forests to improved cattle pastures. The studies reported here compare structure,
growth, and reproduction among successional vegetation in tropical ecosystems of
varying degrees of wetness and dryness.

There is as much difference among secondary successional tropical ecosystems
as there is among the mature ecosystems which preceded them. These differences
are particularly evident when comparisons are made between wet and dry tropical
ecosystems, where the distinct environments require different adaptive strategies on
the part of the species which make up these two kinds of vegetation. In the dry tro-
pics survival requires the ability to cope with factors (or their absence) which are of
direct physical origin, especially water. In the humid tropics, however, survival
requires the ability to surmount problems which are primarily biological, involving
the competition among species for light, space, and nutrients. Both strategies
require that an individual acquire those physical factors necessary for life : in the
dry tropics this involves energetically expensive physiological, morphological, and
anatomical adaptations directly concerned with obtaining (or retaining) water,
while in the humid tropics the adaptive features required concern rapid colonization
and growth, competition for sites, and nutrient retention.

THE STUDY AREAS

Measurements were made on second-growth vegetation in seven sites in Costa
Rica and Puerto Rico (Table 1). Four of the sites were part of a larger successional
study and those sites have been described in detail elsewhere (EWEL 1971). The
regrowth on these four sites was studied over 13 months from the time each was
cleared of all vegetation. Measurements were made after approximately 3, 5, and
13 months. The exact time intervals between successive remeasurements are given
in Table 2. The remaining three sites contained older vegetation (5 — 12 years)
which had grown up following pasture abandonment and were studied at only one
time. Three of the sites (Palo Verde, La Pacifica, and Guanica) are in dry forest
zones (mean annual potential evaporanspiration (P.E.T.) exceeds mean annual
rainfall) ; the other four (Las Cruces, La Selva, Osa, Jimenez) are in wet forest
zones (mean annual P.E.T. less than mean annual rainfall). Detailed descriptions
of the vegetation at or near the Costa Rican sites can be found in HOLDRIDGE et
al. (1971) ; EWEL & WHITMORE (1973) described the vegetation typical of the
Puerto Rican sites.

METHODS

The data from the young regrowth plots of La Pacifica, Guanica, Jimenez,
and Osa were obtained from 3m X 6m plots, with eight plots per site. Leaf area
index (LAI) was determined by placing a thin metal rod vertically at 20 locations
within each plot and counting the number of leaves intercepted by the rod. Per
cent cover was calculated from the leaf area samples : where LAI = 0, cover = 0%;
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Table 2. Age of vegetation (days) on the young second-growth study plots

First Remeasurement [Second Remeasurement Third
Remeasurement
Dry Sites
Guanica 96 170 371
La Pacifica 79 173 401
Wet Sites
Jimenez 102 183 381
Osa 85 164 397

where LAI > 1, cover = 100 %. Each 3m x 6m plot was subdivided into
36 subplots, each measuring 0.5m x 1m. Six of these subplots were randomly
selected from eachplot for complete tallying of species and heights. The three tallest
plants encountered in the total subsample formed the basis for the height data
presesented here. Plots containing little vegetation were not subdivided ; all plants
were measured in those cases. The species data were derived by completely
surveying each plot and recording the species present.

In the older successional stands (La Selva, Las Cruces, Palo Verde) a 10m X
15m transect, subdivided into six Sm X 5m plots, was laid out. The height and
species (all morphs distinguished, but not identified) of all wood plants > 0.5m
tall were recorded ; where multiple stems obviously originated from a common
stump or below-ground stem this fact was noted also.

RESULTS AND DISCUSSION

Canopy Development During the First Year

Succession is generally a slower process in dry tropical environments than in
wet areas. Often, however, the end point is structurally the same : it just takes
longer toreachitin dry areas. Such is the case with cover (Fig. 1), which increased
relatively slowly indry areas, yet reached a value greater than 90 per cent even on
the driest site after 13 months. On the wettest site, by comparison, the 90 per cent
cover value was exceeded during the first six months of regrowth. In the wet
areas the soil is quickly covered with green regrowth ; this rapid coverage may
inhibit the leaching of soil nutrients, although this assumption has recently been
questioned by HARCOMBE (1973).

The vegetation canopy in most mature dry forests is less dense than that of
wet forests. If the cover is similar in the two forests, then the difference must be
due to the horizontal and vertical distribution of leaf tissue within the stand. The
horizontal distribution determines the patchiness of the canopy, while the vertical
distribution determines the leaf area over a given point. The leaf area data are
summarized in Figure 2, which again shows that canopy development was more
rapid on the wet sites than the dry sites. The mean leaf area index (c. 5) measured
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Figure 2. Leaf area index development during early succession on wet and dry sites.
- Bars are 4 S.E.
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at the wettest site when the vegetation was only six months old is higher than the
value reported for a mature forest inthe Ivory Coast (MULLER & NIELSEN 1965)
and approaches thatreported for a mature wet forest in Puerto Rico (ODUM
1970). It is about two-thirds as high as other values reported for mature forest
in the Ivory Coast (AUBREVILLE 1938) and Nigeria (JONES 1956).

Figures 1 & 2 give the impression that canopy development follows a similar
pattern in wet and dry forests, merely being a more rapid procedure in the wet areas.
There are, however, important differences between the two. In the wet areas the
ground was quickly covered with a homogeneous layer of leaves ; as stem elonga-
tion took place more leaves were added. Ghus, the canopy started as a monolayer,
then became uniformly thicker as additional layers of leaves were added. In the
dry areas, however, the process followed a different path. Here the ground was
covered more slowly and leaf area increased in parallel with ground cover. Clumps
of leaves appeared (often from stump sprouts) and later increased in size. Thus,
coverage increased along with leaf area. In some cases the scattered clumps of
regrowth had individual leaf area values which were extremely high (as high as 16
in two instances), but were separated from the next clump by bare ground. The
mean leaf area may therefore be comparable to that of a wet site, but the spatial
distribution is quite distinct : scattered clumps, each with high leaf area, separated
by nearly bare ground in the dry areas ; uniform coverage of nearly constant leaf
area in the wet areas.

The method used to measure leaf area provided a means of quantifying these
differences. Since 20 measurements were made on each of the eight plots per site
at each of the three times measurements were made, sufficient values were available
to attempt to evaluate the relative « noisiness » of the data in wet and dry areas.
This was done by calculating the coefficient of variation (= standard deviation
expressed as a percentage of the mean) for the 160 leaf area measurements made at
each site at each time. The results are shown in Figure 3. Here the coefficient of
variation is used not in its usual statistical sense to evaluate the quality of a mean
value, but rather as a measure of the point-to-point variability in a canopy structure
variable : leaf area index. The coefficient of variation has similarly been used on
population density data (MACGUIRE 1969) and on diversity data (NICHOLSON
1970)toevaluate ecosystem stability. When applied to the leafarea data the coefficient
of variation is a relatively conservative measure of canopy patchiness because the
leaf area (the denominator) was higher in the wet areas ; thus, if the variances
(as estimated by the standard deviations) were the same in wet and dry sites, the
coefficient of variation would be lower on the wet sites. Therefore, a higher
coefficient of variation on a dry site (having a lower leaf area) indicates that the
corresponding standard deviation must be higher there also.

The results (Fig. 3) demonstrate that, for the first six months of regrowth, the
canopy on dry sites is indeed noisier (or patchier) than on wet sites. Furthermore,
with the exception of the measurements made at three months, the canopy patchi-
ness decreases with increasing wettness. At the end of a year, however, the
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Figure 3. Canopy patchiness, as determined by the coefficient of variation of leaf area
ws .« index measurements, during early succession on wet and dry sites. Bars are
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canopies were much more uniform at all sites than they had been during earlier
developmenta] stages. At the three wettest sites the patchiness was reduced to
about 50 per cent, but it was still about 100 per cent on the driest site. The
pattern which emerges is, at the ecosystem level, similar to the kinds of predictions
made by HORN (1971) for the individual tree species which occur in wet and dry
areas. His monolayer crowns seem to correspond to the the successionnal vegeta-
tion characteristic of wet areas, except that the vegetation consists of multiple,
uniform monolayers several layers thick. These different layers may well be
dominated by species of differing degrees of shade tolerance, as assumed by foresters
for many decades and as more formerly restated by HORN (1971). The canopy
structure in the dry areas corresponds to the multilayer structure which HORN

(1971) suggested as being characteristic of species on dry sites. '

Height Growth and Ecosystem Resilience

Height growth on the four youngest plots is shown, together with height data
from the older successional plots, in Figure 4. Height growth was significantly
faster at the wettest site (Osa), where the tallest trees averaged almost 5m tall after
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13 months. One tree at this site attained a height of 9.0m in less than 13 months.
Individual plants at the other wet site (Jimenez) did not grow very tall during the
first year, but the average height of all plants at this site was higher than that of the
drier sites, even though the tallest individuals were not taller. Data are not
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Figure 4. Height of tallest plants on young successional plots (a) and on old successional
plots (b) in wet and dry environments. Bars are - S.E.
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available for older stands of the same age in both wet and dry areas, but the tallest
successional trees, in a c. 11-year-old stand at a wet site, were about three times
taller than the tallest trees in the 5.5-year-old dry-site stand.

That trees in a wet area should grow faster and taller than trees in a dry area is
not particularly surprising. The height data can, however, be used to evaluate a
general ecosystem property : resilience, or the rate at which an ecosystem tends to
return to its initial condition following perturbation. This component of ecosys-
tem stability is of considerable practical importance in that it is a measure of
ability to recover ; it can, therefore, be used to rank ecosystems with respect to
their long-term susceptibility to change or disturbance. In Figure 5 the successional
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Figure 5. Resilience of successional vegetation on wet and dry sites, as measured by
the rate of recovery of canopy height.
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height data are expressed as a percentage of the height of the mature forest at the
same site. For the young regrowth stands the values shown are averages for the
two dry sites (Guanica & La Pacifica) and the two wet sites (Jimenez & Osa).
Data are not available from equal-aged older second-growth in both wet and dry
areas, so the conclusions which can be reached are tentative. It appears, however,
that vegetation on dry sites may be more resilient than that on wet sites, even
though the absolute rate of growth is slower. On dry sites the rate of height
regrowth is relatively slow, but the level of the lower mature-forest canopy is
approached more rapidly than is the case in wet areas. Even in the later stages of
succession, the dry site trees had attained more than a third the height of the mature
forest canopy after only 5.5 years, while the tallest trees on the wet forest sites,
where the vegetation was twice as old, were only about 35 to 45 per cent as tall as the
corresponding mature forest canopy.

That an ecosystem in a high-stress tropical environment might be more
resilient than an ecosystem in a low-stress tropical environment contradicts a
commonly held assumption regarding the relative stability of different kinds of
tropical ecosystems. Qualitative observations made at two of the sites after the
study was terminated suggest that the data summarized in Figure 5 may indeed
mask an important factor in evaluating the relative stability of wet and dry tropical
ecosystems. The vegetation at one of the wet sites, Jimenez, was reexamined when
the plot was four-years-old. The vegetation was dense, tall, and vigorous : well on
its way to becoming a forest. At the same time the vegetation on one of the dry
sites, Guanica, was reexamined and its apperance was quite distinct. At that time
the south coast of Puerto Rico (where Guanica is located) was undergoing a year-
long drought and its effects were evident in the second-growth vegetation. Most
of the young plants were dead and/or leafless ; individual plots appeared to have
much less living biomass than they had four years previously. A few large (up to
6m tall) clumps of coppice dotted the 1 ha clearing in which the study plots had been
located ; otherwise the vegetation was in extremely poor condition. These obser-
vations are probably not atypical of dry tropical areas. A reduction in rainfall of
200mm for one year means much more on a site where the average annual total is
800mm than it does on a site which receives 4000mm. Dry tropical climates are
characteristically unpredictable and much more subject to year-to-year variability
than are wet tropical climates. Thus, observations such as those made at Guanica
during a drought year might indeed be the norm for the dry tropics. Germination
and initial establishment are crucial stages in the life cycle of most plants, so second-
growth vegetation in the dry tropics is likely to be subject to repeated setbacks
during the course of succession. If such setbacks are a normal part of succession
in the dry tropics, then the resistance component of dry tropical ecosystem stability
might, in fact, be lower than that of wet tropical ecosystems.

Regeneration from Coppicing and Seed

When measuring the young regrowth it was observed that most of the re-
generation on the dry sites originated as coppice from stumps and underground
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roots and stems. The majority of the individuals on the wet sites, however
resulted from seed germination. At those early stages of succession it was difficult
to determine whether this initial observation would hold throughout the later seral
stages or wether it was simply a characteristic of the earliest stages, one which would
later become unimportant as competition developed and seedlings and sprouts
underwent differential mortality. Therefore the older successional stands were
inventoried to determine how much coppicing was still evident in the later stages of
succession and to find out if the differences which were evident between dry and wet
sites during the initial seral stages were still present in later stages. The stem-to-
clump ratio (Fig. 6) in these older stands indicates that succession on dry sites is

T | DRY SITE
3 -

R wer site

1 BN

Figure 6. Coppicing in old successional stands in wet and dry environments, expressed
as the number of stems originating from a common base. Bars are + S.E.

extremely dependent upon vegetative reproduction ; each woody plant > 0.5m
tall was, on the average, part of a clump of almost three stems. On the wet sites,
however, the stem-to-clump ratios averaged only slightly greater than the minimum
possible value of 1.0 which would have been found if each plant had been a single
stem.

Because seed germination and seedling establishment are such critical stages
in the life cycle of most woody plants, it is not surprising that these stages are
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bypassed by plants founds in harsh, unpredictable environments such as the dry
tropics. Just as interesting is the question of why the data seem to indicate that
these stages are not likewise bypassed on wet sites. First of all, the data do not
necessarily indicate that individual trees or species in wet areas are less prone to
coppicing than are those of dry areas. The data simply indicate that ratio of
sprouts to seedlings is low. This could result from an abundance of seedlings
interespersed among relatively few sprouting stumps. A mature, wet tropical
forest contains relatively few stems, and conditions for seed germination following
felling of the overstory are likely to be good. Thus, a site may be dominated by an
abundance of seedlings and, even though a majority of the stumps might coppice,
the stems-t-clump ratio would still be low. A second possibility is that species
characteristic of dry environments are, in fact, more prolific at coppicing than are
species characteristic of wet environments. Dry-site species frequently contain
below-ground storage products which would serve as an energy resource during
coppicing ; species characteristic of non-seasonal tropical environments are less
likely to have large below-ground energy reserves. Another possibility is that the
stumps and associated root system of trees in wet forests would be subject to rot,
so that any regeneration which might result from sprouts would be doomed to a
short life. Therefore there might be little selection for the coppicing trait in wet
areas, whereas there might be such selection in dry areas, where the root system
might not necessarily be so subject to decasy.

Species Richness

Diversity can be expressed in many ways, and is an important variable which
might be expected to change dramatically along an environmental gradient. On
young successional plots, where the number of stems is very high, where the plot
size is large in relation to the size of the individual plants, and where elimination
through crowding is not yet an important factor, one measure of the richness
component of diversity is simply the number of species found on each plot. Table 3

Table 3. Number of vascular plant species on successional plots on wet and dry sites

Dry Sites Wet Sites
No. of Species Age . No. of Species Age .
per plot * (& S.E) (years) | Site ** | per plot * (£ S.E.) | (years) Site **

254 (£ 2.1) .22 L.P. 38.3 (£ 2.4 .23 o
27.4 (4 1.4) .26 G 30.0 (+ 2.3) .28 J

28.9 (+ 1.3) .47 L.P. 36.3 (£ 1.9 .45 (o)

27.8 (+ 1.9) 47 G 355 (+ 1.4) .50 J

31.6 (+ 0.8) 1.02 G 31.3 (£ 1.3) 1.04 J

29.6 (+ 1.5) 1.10 L.P. 35.6 (£ 2.1) 1.09 (o)
9.8 (£ 0.8) 5.5 P.V. 17.3 (£ 2.1) c.lt L.S.
28.2 (+ 2.0) 12 L.C.

*  Six plots, each 5m X 5m, at P.V., L.S., and L.C. Eight plots, each 3m x 6m, at
all other sites.

** G = Guanica ; L.P. = La Pacifica ; J = Jimenez ; O = Osa ; P.V. = Palo Verde ;
L.S. = La Selva ; L.C. = Las Cruces.
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shows the number of species per plot on the four young-regrowth sites as well as
the three older stands. The young-regrowth plots at the wet sites contained about
17 per cent more species per plot than the plots on dry sites. On the older succes-
sional plots the wet sites had two-to-three times as many species per plot as did the
dry sites. This large difference, however, is due, in part, to the difference in
numbers of individuals on these two kinds of sites. The plots in the older second-
growth were relatively small (5m X 5m) in relation to the size of the individual
plants, so crowding and competition governed the number of individuals present.
There were considerably more individuals per unit area on the older wet sites than
on the older dry site. When the number of individuals is divided by the number of
species found, the resulting ratios do not differ greatly among the three old second-
growth stands. Mean values (= S.E.) for this ratio as calculated for the two wet
sites were : La Selva 2.8 (£ 0.3) and Las Cruces 2.0 (& 0.2) ; and for the dry site :
Palo Verde 2.1 (4 0.1). Thus, although the number of species found on the wet
sites was greater than the number found on the dry sites, this is partially due to the
fact that dry sites support fewer individuals per unit area than do wet sites. The
data do not necessarily demonstrate that the number of species that thrive on a dry
site is necessarily less than the number which can thrive on a wet site, although it
seems likely that this would be the case. Forest inventory data from the mature
forests at La Selva (wet) and near Palo Verde (dry) certainly indicate that wet
forests are richer in species (HOLDRIDGE et a/ 1971, FRANKIE et al 1974).

CONCLUSIONS

The conclusions which emerge from this study of wet and dry successional
tropical vegetation are summarized in Table 4. Several features have direct
implications regarding land use. These include the patchy canopy development
in dry areas, the marked seasonality (and very rapid wet-season growth) on dry
sites, the relative importance of coppice and sexual reproduction in wet and dry
areas, and the susceptibility of vegetation in dry areas to the vagaries of climate.
Millenia of natural selection have resultedin the evolution of two distinct strategies
of succession, each presumably almost ideally suited to the physical and biological
conditions characteristic of wet and dry sites respectively. It is not unreasonable
to assume that these two strategies exist because they have conferred adaptive value
upon the individuals (and ultimately, therefore, the populations, communities, and
ecosystems) found there. If this is so, then surely these patterns of ecosystem
development can teach us a great deal about the design of ecosystems suitable to
different kinds of tropical environments. Successional tropical ecosystems can
serve as living models of the kinds of structural and functional properties which we
should design into those ecosystems modified by humans to satisfy our food and
fiber needs.

ACKNOWLEDGEMENTS

The U.S. Forest Service, the Puerto Rican Department of Natural Resources,
and the Puerto Rico Nuclear Center provided field sites and logistical support in

— 15 —



S9JIS JoM UO URY)
I9M9) INq ‘s1ezIUOl0d ferjusjod snozswnu

9o1ddos uey3 juejrodwr ssof

juejrodwr £10A

Mol

ysy

vale Jeo[ ur
uonelieA jurod-ol-jurod jea18 YIm ‘Kyored

snonu
-11u0d jou 3Inqg ‘uoseds Aurel Fuunp pides

uoaM}aq Ul punois

areq yum ‘soysjed ur ySiy AJowonxo

13409 Jo juswidoloadp £yods

$10Z1u0[0d [enyuajod Auewr
901ddos uey; juerrodwr arowr

juelrodwr Apwanxd jou Inq ‘yussard

ysiy

Moj

vaIe Jeol
wiojun jo Adoued yjoows ¢ Mo|

osind jenuue fews ¢ pidex

s uo Aqwrojuun sdojaasp

98e19A09 [10s prdex

$SOUYOIX $9199ds
pooes

so1ddoo

uoneIsuagay

(A19A05
Suunp suoneqinized Jejuowr
-UOJIAUD 0] 303fqNS) 20uB}SISAY

(3181 £19A0901 yS10Y
£doued £q paInseow se) 9OUIIISAT

Linqess

ssouryoyed Adoued

ymoasd jysroyg

BOIR JRI|

JOA0D

JuawdofeAd(] [BINIONIIS

soidoay K1

so1doa], 1I9M

onsIIaIORIBYD

*SUI318£5099 [291d0I] [EUOISSIOONS AIP PUL JoM UIIMISQ SOUAIOYIP 9Y) JO SWOS Jo Arewwns oanneIedwo) b JqeL

— 116 —



Puerto Rico. Field studies there were supported by Atomic Energy Commission
contract AT—(40-1)—4150 with H.T. ODUM, who offered many helpful sugges-
tions throughout this study. Field sites and logistical support in Costa Rica
were provided by the Tropical Science Center, W. HAGNAUER of Finca La
Pacifica, the Costa Rican Forestry Department, Osa Productos Forestales, Inc.,
and the Organization for Tropical Studies, Inc., through Pilot Grant 69-12 and
course 75-2. D. POOL assisted in field work on all of the older regrowth sites in
Costa Rica. R.MYERS assisted in the field at Las Cruces. K.C. EWEL assisted
in the field at all of the young regrowth sites. Computer time was provided by
the Northeast Regional Data Center, University of Florida.

REFERENCES

AUBREVILLE (A.), 1938. La forét coloniale : les foréts de 1’Afrique occidentale francgaise.
Ann. Acad. Sci. Colon., Paris, 9 : 1-245.

EwsL (J.), 1971, Experiments in arresting succession with cutting and herbicides in five
tropical environments. Ph.D. dissertation, University of North Carolina,
Chapel Hill, 248pp.

EweL (J.J.) & W HITMORE (J.L.), 1973. The ecological life zones of Puerto Rico and the
U.S. Virgin Islands. Inst. Trop. For., Rio Piedras, P.R. ITF-18, 72pp.

Frankie (G.W.), Baker (H.G.) & OpLer (P. A. ), 1974. Comparative phenological
studies of trees in tropical wet and dry forests in the lowlands of Costa Rica.
J. Ecol., 62:881-919,

HarcomBE (P.A.), 1973. Nutrient cycling in secondary plant succession in a humid
tropical forest region (Turrialba, Costa Rica). Ph.D. dissertation, Yale
University, New Haven, Connecticut, 94 pp. + append.

HOLDRIDGE lgI_J.R.)Z,O16967. Life zone ecology. Tropical Science Center, San Jose, Costa

ica, pp.

HorpripGE (L.R.), GRENKE (W.G.), HATHAWAY (W.H.), L1aNG (T.) & Tost Jr., (J.A)),
1971. Forest environments in tropical life zones. A pilot study. Pergamon
Press, Oxford, 747pp.

HorN (H.S.), 1971. The adaptive geometry of trees. Princeton University Press,
Princeton, 144pp

JonEs (E.W.), 1956. Ecologlcal studies on the rain forest of southern Nigeria. I1V. The
plateau forest of the Okomu Forest Reserve. J. Ecol., 44:83-117,

MAcGuIre (B.), 1969. Community structure of protozoans and algae with particular
emphasis on recently colonized bodies of water. In : Symposium of fresh
water microbial communities, sponsored by the Amer. Microscopical
Soc. Mtgs., A.I.B.S. University of Vermont.

MULLER (D.) & NIELSEN (J.), 1965. Production brute, pertes par respiration et production
16196t§e6 Odans la forét ombrophile tropicale. Det. Forst. Fors. Denmark, 29:

NICHOLSON (S.A.), 1970. Species diversity in old field succession on the Georgia piedmont
Ph.D. dissertation, University of Georgia, Athens. 102pp.

Opum (H.T.), 1970. Summary : an emerging view of the ecological system at El Verde.
p.1191-289. In : H.T. OpuM & R.F. PiGeoN (eds.). A Tropical Rain Forest.
USAEC, Oak Ridge, Tennessee.

— 117 —



