PRNC — 147

PUERTO RICO NUCLEAR CENTER

June 1970

THE RAIN FOREST PROJECT
ANNUAL REPORT

UL G

w..& N RAEIREE

&,

o
1

OPERATED BY UNIVERSITY OF PUERTO RICO UNDER CONTRACY
NO. AT (40-1)-1833 FOR U. 5. ATOMIC ENERGY COMMISSION



““This report was prepared as an account of work sponsored by the United States
Government, Neither the United States nor the United States Atomic Energy Com-
mission, nor any of their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the sccuracy, completeness or usefulness of any
information, apparatus, preduct or process disclosed, or represents that its use
would not infringe privately owned rights.”




PRNC — 147
BIOLOGY AND MEDICINE (TID-4500)
Issue Date: June 1971

PUERTO RICO NUCLEAR CENTER

THE RAIN FOREST PROJECT

ANNUAL REPORT

Richard G. Clements, George E. Drewry
and
Robert J. Lavigne

June 1970

OPERATED BY UNIVERSITY OF PUERTO RICO UNDER CONTRACT
NO. AT (40-1)-1833 FOR U. 5. ATOMIC ENERGY COMMISSION







TABLE OF CONTENTS

1. Introduction ii

IT, TForest Ecolugy

Isotope Cycling Studies 1
A Versatile Stemflow Collar for

Interceptiocn Studies T
Forest Recovery following Gamma

Irradiation 10

TTT. Animal Ecology
Role of Amphibians in the Ecology of the

Puerto Rican Rain Forest 16
Classification and Geographic Distributicn 16
Microhabitat 18
Reproductive Behavior 19
Vocal Organization 2
Evolutionary Relationships 32
Experiments in Niche Distributions and

Energy Flow 35
Territoriaiity and Population Dynamics 38
Interspecific Territoriality Lg

Feeding Behavior of the Frogs and Lizards
in the Tropical Wet Forest 65

The Leolegy of Ants in the laguillo Forest 75

The Bole of Insects in the Food Web of the
Tropical Wet Forest 8h

IV, Vigiting Scientist Program
Properties of ‘Aguatic Ccrmmunities in Container

Habitats 87
Studies on the Chemistry of the Tropical

Maritime Atmosphere o1
Karyotypic Studies cf Bats of the Family

Phyilostomatidae 95
Arrested Succession in Tropical, Terrestrial

Bcosystems 101
Field Studies on the Puerto Rican Tody, Tody

mexicanus 109
The Termites at EL Verde - 1669 Survey 112
Polyethism in Workers of Nasutitermes costalis

(Holmgren). 119
Occurrence and Distribution ot Aquatic Fungi

in the L1 Verde Forest. 129
Radiotracer Studies and Nutrient Cycling i3t




INTRODUCTION

The Terrestrial Ecology Program is now in its seventh year.
Approximately the first four years were devoted to studies on the
effects of gamma radiation on a tropical forest ecosystem. Begin-
ning in 1966, emphasis was gradually shifted to the second ob-
Jective; the measurement oi fall-cut nuclides in the rain forest
gsystem. This cbjective has since been modified to include the
cycling of both radicactive and stable isotopes in the forest
ecosystem; (1} fallout measurements; (2) tracer experiments; (3)
stable element analyses; and (L) water balance messuremente.

Since 1966, mumerous experiments using radicisctopes as tracers
gave beEF cagried out in the tropical forest. The movement of +o Cs,
5Sr, 5% Zn in plants, animale and goil water have been studied
and reported. Experimental work invelving the movement of tritium
in plant and soils has been successfully studied. Studies on the
transfer of 3P, %52zn, 75se¢ ani 59Fe from litter to soil and uptake
by plants were completed this past vear.

Current research includes stulies on insect ecoulogy, movement
of selected isctopes through the animal food web, element input
vig rainfall and its subsequent distribution in the forest, recovery
in the irradiated area, movement ani distributicns of rreviously
applied isotopes in the soil, plants and animals and Acoustical Com-
munication and Pepulation Ecology in Eleutherodactylus species.

Future work will be in the .direction of the systematic study
of the movement selected radicisotopes in both the bictic and
ablotic components of the forest. Tncreused emphasis will be
placed on the physical and chemivcal properties of forest soils and
the movement o©f macro and trace elements via soll water to the
streams.

Thig report covers the ctulies that have been initiated or carried
out this past year. Some are interim reports of on-going research
while others concern short term stuwiies that have bveen completed.

The reports are grouped wrler three broad catescries; (1) Forest
ecology, (2) Animal ecology, ani {3) Contributions from the Visiting
Scientist TProgram.
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FOREST ECOLOGY

Igotope Cycling Studies

R.%. Clements

Active research this past year has been primarily in the field
of insect and amphibian ecology. Studies on radioactive and stable
isotope movement In trees, litter and soil have been inactive most
of the year due tc completion of these studies during the firsi two
months of 1669 and a change in staff. The results of these studies
were summarized in the 1968 annual report (PRNC-131); a more detailed
discussion was presented; by Jordan in the 1969 annual report of the
Terrestrial Ecclogy Program (PRNC-129).

The contaminstion of terrestrial systems with radionuclides may
occur either by particulate Tallout or via isotopes associated with
rainfall. Foliar absortion of isotopes by plants in a fact., The
actual uptake of isotopes from rainfall is a function of the intensi-
ty, duration, stcrm size and the length of time the water is in contact
with the absorbing gsurfaces. A review of rainfall distribution at El
Verde from 1964 through May, 1966 showed that approximately 70 percent
of the daily rain events were 0.5 ilnches or less {Table 1). ESufficient
emphasis has never been placed on the importance of the small storm
sizes and their role in the uptake of radiconuclides.

Passig (1916} studied the luration, freguency and intensity of
tropical rains in Puerto Rico. He reported that, at the Caguas station,
out of an annual fregquency of 262 rain days, 160 rain days had rains
between 0.01 and 0,10 inches. On the western end of the island, the
highest frequency occurred between 0.20 and 0,30 inches. His data
suggested that for the Luquillc area, approximately 86 percent of the
rains were 0.5 inches or less, Odum, et. al. (1970} reported that
light rains between 0.0l to 0.10 inches/hour accounted for 82 percent
of the rains at El Verde. Accerdinz to Libby (195%6) cleansing of the
atmosphere of particulate matter in a zone of precipitaticn is asg-
sumed tc be Tairly complete with 0.1 inch of rain.

For sometime, foliar applications have been used to correct
minor element defficiencies in plants. Radioisotcpes studles have
confirmed that foliar applied materials can be asbsorbed, translocated
and utilized by plants. Studies on the absorption of radicisotopes
from dilute solutions have indicated that the greatest uptake occurs
in the first 2L hours after application (Biddulph, 1960 and Bukovac,
and Wittwer, 1960). Bukovac and Wittwer {1960} also showed that the
amounts of 32 2P absorbed vary with the moisture condlttons of the leaf
surface. Wittwer and Teubner (1359) have shown that 65Zn




Table 1

Distribution of rainfall by O.1 inch classes
for the period January 1964 - May 1966,
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Storm Number of FPercent of Accumulative

Clase Events Total Rains Percentage

less than 0.1 179 7.8 27.8
0.1 96 1h.9 L.
a.2 60 9.3 52.0
0.3 61 9.5 61.5
0.L L7 7.3 68.8
0.5 o6 L,0 e .8
0.6 29 b5 T3
0.7 16 2,5 79.8
0.8 19 3.0 82,8
0.9 9 o 84,2
1.0 11 1.7 85.9
B T 12 1.9 87.8
142 7 1.1 88.9
1.3 g 1.4 90.3
1.k 5 0.3 50.6
Lo by 0.6 91.2
1.6 5 0.8 92,0
L't 3 0.5 92.5
L.8 2 0.5 93.0
1.9 6 0.9 93.9
2.0 3 0.5 oL L
2.1 5 0.8 95.2
2.2 i 0.2 95.4
2.3 i o - 95,6
2.4 1 0.2 95.8
2.5 1 0.2 96.0
2.6 1 0.2 96.2
2.7 b 0.6 96,8
2.8 1 0,2 97.0
2.9 1 0.2 97.2
3.0 0
540 8

Totals 43




32P and 358 can be absurbed by the bark of fruit trees and contribute
to the nutrition of the underlying areas. Thus the deposition and
subsequent sbsorpticn of radionuclides by rainfall can be compared to
foliar absorption.

Considerable work has been :done on rainfall and intercepticn in
the hardwood forests of the castern United States. Helvey and Patric
(1965) summarized what was available. They found it necessary to
conduct their own experiments to estimate interception, since the use
of that reported in the literafture was restricted by sampling and or
methods of measurement. However, they did find that the published
data on regression equations were fairly uniform. Re-analysis of
these data led tc the development cf generalized equations for pre-
dicting the quantity of throughfall and stemflow from gross rainfall
in eastern hardwocd forests.

The two eauations were derived:
T = 00,0017 - 0.021 (n)
S = 0.041P - 0.005 (n)

where T and S are the amount of throughfall and stemflow, respective-
ly, P is gross rainfall and n is the number of storms per season.

Similar work in tropical areas is scarce, Mohr and Van Baren
(1954) presented -ata on the amount of rainfall retained by the
canopy in Surinam. They reported that with a rain of 0.04 inches,
80% was retained and this percentage decreased to 19.5% witn a rain
of 1.4 inches. Jordan (1968) initiated a series of studies on the
water budget of the EL Verde Forest, In this study stemflow was
measured on 27 trees which ranged from 1.6 to 30.7 inches DBH.
Throughfall was collectel anc measured in 12 trough type gauges
located at various sites in the forest. He found stemflow To be
almost a constant percentage of gross rainfall, ranging between 17.5
and 229 depending upon storm size. Throughfall was found to be ap-
proximately T0% of gross rainfall. Regression equatiocns of the form
Y = a + bx were developed for each DBH class between 2 and 3C inches.
It was found that intermedinte size trees yielded the largest amounts
of stemflow from a given storm. These equations were then combined
with data on the number of trees per hectare and the DBH distribution
of trees to estimate the contribution of stemflow to the water budget.

In their discussion, Helvey and Patric (1965) brought forth two
important points, TFirst, a complete intercepticn study has never been
reported and second, stemflow has not been well documented on an areal
basis. Traditionally, stemflow has been measured on individual trees
and the results extrapolated to an ares basis as represented by the
work of Jordan (1969). Hydrologic studies quite of'ten have been too




restricted in scope and have not considered the full importance cf
the inter-relationships that occur on an areal basis. However, this
approach has been restricted because of the lack of adequate tech-
niques, especially in the area of stemflow measurements. Helvey and
Patric (1965) pointed out that the paucity of stemflow data was no
doubt due to the high cost and hard work involved in this type of
study. Thus if interception studies are to be initiated on an areal
basis, the question of stemflow ccllars and measurements must be
solved, We feel that the problem has been solved and the description
of the stemflow collar and techniques is presented as a separate
section. The objectives, methods and procedures of the comprehensive
interception study are set forth in the following sections.

Ubjectives: The interception stuily has four main cbjectives:

1. First, to determine the guantitative relationships between
gross rainfall as measured above the canopy and the para-
meters of throughfall and stemflow yield, litter interception
and evaporation, and soil moisture changes.

2. To determine the chemistry of each parameter and define the
chemical changes that take place as rainfall is intercepted
and re-distributed as throughfall and stemflow. The elements
to be determined are: calcium, potassium, sodium, magnesium,
manganese, iron, copper, zinc and lead.

3. To develop predictive equations through correlation-regres-
sion analysis on the relationships between gross rainfall
and the associated interception parameters which will include
both quantity and chemistry.

L, To utilize the information cbtained for the design of future
cyeling studies at the watershed level using radiciscteopes.

Procedure

An 80M by B0M section of forest at the El Verde Forest site
in close proximity to the 772 ft. walk-up tower was selected and sub-
divided intoc 16 smaller plots of POM by 20M. Five plots were randcmly
selected for the studies. A grid of 1 square meter was laid down in
each of the five plots and the location of each tree species, and its
DBH were recorded. Notes were made for each tree regarding it bark
characteristics, leaf size, presence or absence of epiphytes, and
vines, and whether the tree was erect or inclined. Each tree was
classified according to its interception potential as follows:

1. Primary interceptor - Those trees occupying a canopy
position and receiving direct rainfall.
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Secondary interceptor - Those trees occcupying & sub-
canopy position and receiving throughfall from a
primary interceptor.

(W8]

. Tertiary interceptcr - Those trees ocecupying a sub-
sub canopy position and receiving throughfall from
a secondary interceptor.

One plet, from the five set aside, was randomly selected to
initiate the interception studies. All trees in the plot having
DBli's of 3 inches or larger, 45 in total, were fitted with a stem
flow collar (see section on collars).

To measure throughfall, six trousghs 8 inches wide by 24 feet
long were fabricated from galvanized metal. Each trough was lined
with polyethylene sheeting. The troughs were given a 10 percent
slope te faclilitate rapid drainage of water. Throughfall will be
collected in coverei 20 gallon plastic containers and quantities
determined by measuring with a calibrated stick. The effective
collecting area of the troushs is 13,696 em=, Theoretically one
inch of throughfall would yield 34,789 ml. of water thus allowing
the measurement of small guantities of throughfall. The troughs
were selected over other means of gaging because of the interest
in the chemistry of the water. In this way the troughs integrate
the throughfall and give a incre representative sample of the area
than would spot sampling.

Gross ralnfall measurements are measured from a one sguare
meter stainless steel collecltor located on ftop of a 72 ft. tower.
With an effective collecting surlace of 10,000 cmg, & one inch rain
would yield 25,400 ml. thus giving a sensitivity of 0.00l inch.

Measurements wiil be maie the morning following each rain and
the data transferred to IEM cards for subseguent correlation-regres-
sion analysis. Samples will be collected from each rain for chemical
analysis which will be done by atomic abscrpbtion spectrophotometry.

As the study proceeds, litter interception and evaporaticn loss
studies will be incorpecrated into the program, Likewlse, scil
moisture bilocks will be installed to monitor soil moisture conditions.
Pressure membrane technigques will be used to determine the water
holding capacity and drying cycles for soll layers down to a depth of
36 inches.

Al
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A Versatile Stemflow Collar Tor Interception Studies

R.G. Clements and José A. Coldn

One of the limiting factors in the design and initiation of
large scale rainfall interception stuldies in forests has been the
lack of an inexpensive, practical and raplidly assembled stemflow
collar. Helvey and Patric (1LF5) have suggested that the relative
paucity of stemflow data was no Jdoubt due to the high cost and hard
work invclved. This may explain the great diversity of cellars used
in previcus studlies and the reason why many investigators have dealt
with individual trees rather than attempting studies on an areal basis.

While the individualistic approach may provide an approximation
of stemflow on an areal basis it has two basic faults which are inter-
related, First, and by Tor the most important, it excludes the Inter-
dependence or the infiuence of cne tree on its nearest nelyhbor Trom
consideration. Yet today, the ecosystem approach and systems analysis
stress these inter-relationships. To ignore these relationships leads
to the second “ault which is that considerable error may be introduce:d
as the results from individual stulies are extrapolated to an areal
basis, Thus there 1s a need to revise the apprecach and begin studies
on an areal basis as suggested by Helvey and Patric (1965).

The problem at the kLl Verde site centers around the cycling of
both stable and radloactive isotcpes in a forest ecosystem. In
planning the interception stulies on an areal basis, il was necessary
to solve the problem of high cost and ease of installation of stemflow
collars. This was further complicated by the reguirement that the
collars had to be made of relatively inert material so as not to ef-
fect the chemistry of the water collected,

A literature search provided little if any help., After relecting
many conceplts and suggestions because they «did not meet the three
criteria mentioned, a soluticon was found.

The materials consist of foam rubber sheeting one inch thick,
4 mil polyethylene plastic, rigic pclyethylene tubing, contact cement
and refined parafin., fhe fcam rubber is cut into strips cone inch wide,
and the lenglh depends on the circwiference of the tree. The two ends
are coated with contact rcement and allowed to dry. The foam rubber strip
is stretched arcund the tree and the two ends joined (Figure 1A).

With a standard cork bcorer, a hole 1s cut on the drainage side
of the collar. A rigid polyethylene tube iz cut to the desire:!l
length and inserted into the collar (Figure iR). This tubing may be
heated and bent slizhtly anl secured to the tree as shown in VFigure LT,




Id

Figure ! Pictorial sequence of stemflow collar installation at El Verde
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Two inch strips are cut from 4 mil polyethylene sheeting.
Contact cement is applied to the outside edge of the ceollar and
one side of the polyethylene strip. When the contact cement has
dried, the polyethylene strip is applied to the cutside edge of
the collar to form the troush (Figure 1C).

Refined parafin is melted in a glass beaker on a portable
burner. The areas surroundins the polyethylene tube lis saturated
with melted parafin and when cooled provides additional strength
to the foam rubber-tube Jjoint. The upper surface of the collar and
the area between the collar and the tree recelve several coats of
parafin to seal the surfaces (Figure 1D),

The completed collar may then be connected to the collection
container by the appropiate tubing (Figure 1E). The plastic
container shown has a 5 gallon capacity. We have found it neces-
sary on some trees with high stemflow potential to insert a Y tube
at the outlet of the collar and pass the stemflow water tec two 5
gallon containers. The collars have been in field use for many
months ané show nc sign of Jleterioration under the high rainfall and
humidity conditions of the El Verde TForest. Repairs if needed, are
gimple and rapid with melted parafin.

The actual cost of the collars is approximately $0.25 per tree
exclusive of the collecting contalrers. The materials are inert
and cause no problem with the chemistry. Installation is rapid,

We estimate that 40 to 50 collars can be installed in a gingle day.

References
Helvey, J.0. and J.P. Patric, 1965, Cancopy and Litter Interception

of Rainfall by Hardwoods of Eastern United States. Water Resources
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FOREST RECOVERY FOLLOWINC GAMMA IRRADIATION

George E. Drewry and Alejo Estrada

A Tourth annual census was maie of all plants growing in a
L78 me sample plot Inside the area of damage from a 1965 137cg gaImma,
irradiation. The census was completed during the months of August
and September 1969, making results comparable to those of previous
years. Mr. Jack EBwel proviled valuable advice and assistance on
field procedures.

Data was processed according to general procedures ocutlined
in the FY-1969 Rain Forest Anrnual Repert (PRNC 129), Vegetation was
separated by species within established categories listed in Table 1.
As mentioned in previcus reports, an arbitrary method of separating
individual grasses was used, each species oceurring within a square
meter quadrat being scoredi as cne individual. Ixtensive rootstocks
in some species cause this method to overestimate the number of root-
stocks actually present, with a consequent reduction in apparent
diversity.

Three separate diversity indices were calculated for each
category, as presented in Tgble 2, species per thousand individuals
by the maximum likelyhood methol, average slope of the composite
ratio curve, and Brillouin's H. Composite ratic curves were con-
structed according to the methods Jdescribed in PRNC 129, Additional
experience with these inlices has increased cur understanding of
thelr advantages and shortecomines. Brillouin's H, derived from
information theory, is receiving wider usage among ecologists,
although some persist in using the inappropriate (for blological
diversity) Shanmon formula. “he principle shortcomings of the H
parameter ave its relative Insensitivity to interrelationships
among the rarer species of a sample and its dependence on sample
size. DSpecies per theusand, obtained by any method, is complementary
in that it is insensitive to gress differences in relative ratios of
common specles. In fact, counting the number of species in a random
sample of 1000 individuals ignores all ratics. The maximum likely-
hood method of extrapolation ties this index tc the ratics of the
rare specles faken as =z grouv. It normally errs slightly in pre-
dicting the exact number of species in a thousand, but errors appear
random in either ldirection, and sgreement in a larse series of
indices now calculated has been uniformly good.

The composite ratic zurve, which is the reciprocal of the
relative abundance curve, can exhibit a varlety of shapes, but its
average slope 1n semilogarithmic plot achieves a compromise between
the other two indices. It is less sensitive to sample gize than

)




Table 1. Plant compesition of post-irradiation gomple area
(476 mE) in summer 1969.

Category IndiviJjuals Species
Radigticn survivors L&2 40
Hew plants ¢,12G 1ize
Total plants 8,611 126
Total trees By 1.5 T3
Total new trees By BTk !
Uotal non-trees gl 517
Tree seedlings 5,064 &7
Tree saplings 307 28
Sprouts ahp 36
011 trees 40 1
Vines 383 17
Grasses 77 9
Other ilerbs 500 27

mable 2. Diversities within selected plant categories by
three different indices, summer 1969.

Cpecies per 1002 Average CR sliope Prillouin's H

Category (extrapcisted) (species per tenfold)(bite per ind.)
Tree seedlings Sal 26.2 5,15
Tree sapllngs e7.2 10.5 3.°21
Sprouts L o 18,5 B
014 trees 25,0 10.¢ 7,59
Vines 16,7 5.8 2,55
Grasses 0.0 2.5 .73
Other Herbs 30.2 112 3.06
Total New Vegetation 6.1 Lz 7 L.95

1l




Brillouin's H and
species, with some

o the rare,

Breaks 1n the compoegit &
vegetation types gnl have eelved ‘,ec“ai btudy. They are charpest,
and set off fewest : ; hgbitals Lhat are most divergent
from the ares norn.  Withl -l,j.- 1 zuscessional stand they seem to
intensify with o« stapiiize. [Frobably they
Indleate a seuw.mi cree of spec aszatlon, and
would be mininirzen ¢’ The specles present were
highly =specicil.

Figure 1, taken in conjunction with Tables 1 and 2, illustrates
scme of the proweﬂu; of the «dilversity indices. The H parameter for
both the vine czatep am: the old trecs is nearly the same, while
species per thousanl {2 considerable extrapolation in the case of old
trees) differ by = “actor of move than 2, The wllness of the old
tree sample prob vy alfected 4, for in two years since 1967, H
declined by 20% while Lhe Mverafh composite racio zlope declined by
only 18%. At any rate the diversit ' rare tree specizas is
much greater than ax a phenomencr apparent
in the compecite ratic zlope rmation theory index.

The composite ratio of vinez Jces not exhibit z break, which
leads to twe hypotheses., One in wt wvines asre not stronzly d4if-
Terent from one anctner in o czatlion, vartly supperted by the
Tact that none show the r Louralne prefercnces that some
tree species exhibit. hypothe that vines 4o not
constitute any coherent ry themselwves, but are instead
members of the ftree or heri coppunities, -dependirng on their
climbing habits., They all have = clear ecut specilalization in common,
relatively rapid prowth witbhout necessity for extensive lLignification,
which gives them z listinct niche vet makes them dependent on other
plants.

In overall :iversliy atricture, the 12609 data is very similar
to the 1967 lata. Figure 2 vresents composite ratio curves for 1966,
1967 and 1969, DJiscrepancles invelving the mis- $ienv;¢1caLion of
grasses were liscoveredl in the sinta from the 1940 census. Pending
recalculation, the 1968 curve has been oultted and will be repcrted
later. The similarity in 'm'\.fer-""'tz.r and composite ratio between 1967
and 1969 con~eals some very veal changes In ;elative abundance between
individual species. In particular the seedlinzs of some shade-adapted
specles such as Dacryodes exceisa moved into the =zbundant gide of the
composite ratic, displaocing sun-alapled successional species. The
only noticable difference in the profiles 1s a slizht increase 1n the
diversity of the most covmon speciesz at the left of the curves. There
was an increase of species per thousand from 74,9 to 7.7, and in H
from 4.77 to h,?i.
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Deaths among the old trees surviving the irradiation
accelerated somewhat during the fourth year, only 4oy individuals
representing 14 species remaining, compared with 386 of 42 species
in 1967. Many of the post-irrallation sprouts, however, became
established as part of the regrowth, and have become somewhat dif-
ficult to distinguish from the sapling category. One species,
Sloanes berterisna, poses no difficulty, as 1t has not yet
established seeclings in the area, but is represented by a vigorous
sprout pecpulation.

Vines have Tollowed the tree species in inereasing nurbers
of individuals, species and liversity, the increase since 1967 being
about 8% in each parameter. Herts, on the cther hand, have de-
creased by about the same amount. Within the herb category, the
ferns have all increased, serving to balance an even greater decline
in most other herbaceous species.

The irraiinted area has continued to lag behind the mechanical-
ly defoliated control center in its recovery, at least partly because
of shade cast by damaged but still foliated cld trees. Perhaps the
most significant aspect of the raliation damage is that unshielded
plant tissues have been unsble to recover, even by sprouting. Many
trees that asppeared to be on the wsy to recovery by sprouting have
died, and the only indiviiuals that have recovered in this weay
originated sprouts from below ground level or in rock shadows, etc.
At present rates of removal, just a few more years should guifice to
eliminate all «f the above ground tissue exposed to radiation damage.
The percentage of regrowth plant tissue showing apparent genetic
damage from irradiation has remained almost negligible.




ANTMAT, ECOLOGY
THE ROLE OF AMPHIBIANS IN THE FCOLOGY OF PUERTC RICAN RATN FOREST

George B, Drewry

The rain forest surrounding PRNC's K1l Verde Field Station sup-
ports abundant frog populations representing several species. Most
are native tc Puerto Rico and are restricted either to the islasnd op
to the forest itself. Nomenclatural problems seem to have been large-
Ly worked out by such workers as Stejneger, Schmidt, Rivero, Grant
and Thomas. Ecological studies of one or more species have been made
by Heatwole, Riverc, Majorca, Turner, Gist and others. This progress
report describes a program tu elucidate the role of frogs in the rain
forest ecosystem and to describe the mechaniems by which species cre-
ate and maintain separate specific roles. Ideally, such a study might
document the patterns of distribution, speciation and adaptation of
all the species and reveal the dynamics of each at the systems analysis
level, considering all interactions within and between species and the
relationships to predators, prey and other organisms,

Specific progress has been achieved within such an ambitious
framework by dividing the problem intc phases and correlating earlier
descriptive and qualitative information inte a program of experiments
that reveal the quantitative aspects of the relationships. Frequent
benefits resulted from Integrating this study with ongoing research
intc other aspects of the rain forest ecosystem. For example, studies
of radioisotope behavior have helped clarify the position of frogs in
the animal food web structure. The use of radioactive tags now appears
te be an ideal method of meonitoring movements of individuals within the
population and quantifying the effects of experimental manipulation.

Fhase I. Classification and Geocgraphic Distribution

This phase was descriptive and qualitative; consiruction of a
theoretical framework is almost complete. Of 19 Puertc Rican amphibian
species mentioned or described in the literature, and subsequently
supported by taxonomic opinion, a few can be eliminated because
their geographic range does not contact the rain forest. The bull-
frog, Rana catesbians Shaw and a still unidentified species cf
Hyla are recent introducticns that have not yet been cbserved in
the forest. The bullfrog is becoming common in freshwater lowland
marshes, and the Hyla is reported by Dr. Manuel Vélez (personal com-
munication) %o frequent human dwellings in the vicinity of Isabels,
P.R. The native Puertc Rican toad Bufo lemur {Cope) is nearly
extinet, although Garcia-Diaz (1966) has reported a rediscovery in
western Puerto Rico. Finally, the ranges of Eleuthercdactylus
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cochranse Orunt and #. cookl Urant have been examined by several
workers; 1%t appears that the former species ig restricted to coastal
plains, and that the latler is restricted to the Panduras mountain
range of southeastern Puerto Fico, which at present has no rain
forest. 'These species are being studled qualitatively but their
quantitative ecology will receive less attention than the remaining
gpecies.

Nl
1
2

Fufo merinus (Linne) iz an inftroduced toad that has become
very common in Puerto Rico, an? its preferred micrchabitat of bare
earth, pavement, gravel, short grass or cultivated fields mekes 1t
very compatible with the environment created on the island by man.

It breeds in slugegish or still bolies of water, and has not been
discovered to breed within the rain forest. 1% apparently pene-
trates the forest along roade or open trails to the distance a single
individual can disperce between breeding seascns, when aculte return
to water. TFrom our cbservations, this penetration is limited to
between 2 and 5 miles,

The remaining L3 species are all members of the family
Leptodactylidae, a promirnent family in the new world troples, par-
ticulerly in the Caoribbean area. The current classgification, which
could change =3 & result of this ard other studles, consists of
Leptodactylus albilabris (fuenther) and 1k Tleutherodactylus species.
At any given elevaticn within the rain forest they can be divided
into forest ani foresi edse species by surveying the distribution of
calling males. Thiz distincticon is obscured somewhat bty changes in
the habitat of most species with increasing elevation, which will be
described under the heading cf phase TII. Leptodactylus albilabris,
Eleutherodactylus coqui Thomas, k. antillensis (Bheinhart & Leutken)
and E. brittoni Schmidt range over much of the island, while L.
portoricensis fehmiit, E. richmondl Ftejneger, L. hedricki Rivero,
I, eneidae Rivero, L. wighitmanse Schmidt, E. locustus fchmidt, -,

gryllus Schmidt, r. karlschmidfi Srant and L. unicolor cte neger
are restricted to muntane forest.

The dicstinetion bhetween F. portoricensis and E, cogul was not
recognized until the 190€ work of Thomas. 'This creates difficulties
in interpreting the earlier work of MHeatwole, Turner, Jist, Drewry
and others who dealt with montane representatives of this complex,
RBoth species are very common lnroughout the rain Torest and later
work to be described here fully supports the conciusions of Thomas.
The possibility exists that =n alditional montane species is still
being confused with F. cogui, bul the weight of evideunce so far

indicates otherwise.




FPhase TT - Micrchabitat

The evidence for micrchabitat preference, like that for
distribution, has been derivei frem the literature and from personal
observation on numercus field trips, and is more gqualitative than
guantitative at this stage. NMost of the conclusions rest on agree-
ment of the animal's morphology with the data on where a speciles
was common, where it was rare, anl where it was not found after
reascnable search. Some modification is still being introduced,
but the major patterns seem to be established.

The most relevant zspect of mcrphology pertaining to miecro-
habitat is probably the ratic of toe pad clameter to body weight,
which appears to reflect the importance of vertical surfaces in the
animal's way of life, This ratio is lowest in E. unicclor, E,
richmondi and L. wishimanse, whose females were collected at ground
surface. Males of the last two specles often climb to a low perch
on vegetation while calling, but even then a horizontal perch ig
normally selected., The highest ratios are obtained in E. cooki, E.
karlschmidti, E. hedricki and E. cogui; both sexes of the Tirst
two species frequent the surfaces of boulders, while the last two
are arboreal on tall plants and both have been collected as high as
L0 ft. above the ground. The walls of buildings are alsc used by E.
cogul and it is the only species comaonly encountered in this micro-
habitat. Eggs of three of these species have been found sattached to
the underside of horizeontal suwfaces, which indicates climbing
ability, while E. karlschmidti frequents inaccessible crevices be-
tween stream boulders (itsg esss have not yet been observed), Toe
pad diameters of the remaining species range between these extremes
and correlate well with cbserved behavior. Other, more subtle cor-
relations between microhabitat and morphology probably exist., For
example, the color and texture of the skin may relate to the Tavored
rositions of daytime concealment. Another possible correlation is
the fact that in rock dwelling species mentioned the eyes are larger
in relation to body length than in species arboreal on low vegetation
such as E. antillensis andg E. brittonl, which may detect prey as much
by vibration and touch =z by vision.

bvidence that different features of the microhabitat are used
foer crientation by different specles can Le deduced from the varying
behavior of species with altituie. Four vegetation zones have been
described for the Luguillo forest with each bearing the name of the
dominant species. Beginning at the highest elevation they are the
mossy Torest, the palm forest, the colorado {(Cyrilla racemiflora)
forest and the tabonuco (Dacrvodes excelsa) forest. AL certain
localities in the palm forest one can encounter most of the frog
species within a very short ilistance, although microhsbitat segre-
gation is noticeable even here. If one moves upward into the mossy
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forest, first E. britioni, then L. antillensis, drop out of the fauna
and E. hedricki beccmes rare, though most of the other species become
more spundant. In moving downward the segregation is mecre pronounced,
E. hedricki and E. portoricensis become more and more restricted to
deep shade and less common at the orest edge. By contrast, L.
antillensis and £, britteni are exciuded from the forest proper at
lower altitudes, and E. 1ocuvtag, . gryllus become vestricted to the
forest edge, not appearing either in leep shade or surrcunding grao
land., Only I, unicolor is restricied to the very high elevations; 1t
livesg in intimate contact with the soll and drcps cut where the loose
but water saturaterl and reauced zolls gyplcal of mossy forest give
way to drier, slizghtly more compacted and often oxidized solls below
TOO meters elevation. 'The other species range to the forest edge at
all elevations.

Table 1 summarizes the microhnsbitat preferences noted Tor each
species. Where behavior varies, any bias is probably toward the
conditions in the vicinity of El Verde Fieli:d Ztation, where a large
fraction of the ohservations have been made. ELEV&tLOH of the station
is 45 meters. The table is organized in approximabe agreement with
the phylogenetic evidence presented later (Thase Iv).

Phase 111. Reprciuctive Zehavicr

The thiri aspect of the natural history stucied in the initial
descriptive zsurvey was reproductive biology. Reproduction in Bufo
has been menticned earlier and is well described in the literature,
but the long breeding migrations apparently made by B. marinus from
the rainforest leserve nlditicnal study.

Leptodactylus albilsabris breeds in the typical manner for ite
genus, with palrs constzucting fosr nests in burrows, or natural
cavitles under banks and stones In mwldy arveas near shallow streams
or puddles. Males call from such shelters, amd are sel:dlom encountered
far from water., However, both juveniles anl females forage for long
distances into mealows and on the forest floor. The egegs hatch into
tadpoles which elther grow into larse aguatic larvae (when water and
food are plentiful) or metamorphcse at a small size into terrestrial
froglets (if conlitlions are dry). This pattern of development seems
to represent an intermediate stage in the evolutieon of the unique
condition found in the next genus.

Eleuthercdactylus 15 cne o Lhe few amphibian genera that
produces completely terrestrisl egpe. The ermbryology was first
described by Peters in 1877 from 2 Puerto Rican spezies (probably

cogui). The tadpcle stage is passed within the eggshell and at
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Table 1. Known range and microhabitat preferences of Puertc Rican frogs.
Genus Elevation
Species limits (f£t.) Known range Micrchabitat
Hyla sp. 7 rear Isabela, P, Rico near or in dweilings
Bufo marinus 2000 max. most of 1sland fields, lawns, roads

lemur

Leptodactylus

albilabris

Eleutherodactylus

richmondi
unicolor
karlschmidti

conki

coqul

portoricensis
antillensis

brittoni

wightmanae
hedricki

eneidae

locustus

cochranae

gryllus

Rana
catesbiana

3000 max,

400 min.
2000 min.
Loo min.
LOO min,

none

300 min.
3000 max,

2500 max.

400 min.
900 min.

900 min,

900 min.

300 max.

900 min.

-3

cnce widespread, now
possibly extinet

most of island

mountain forest
eastern mountain forest
meuntain streams
southeastern mountaing

most of islsnd

mountain forest
most of island

most of isiand

mountain forest
eagtern mountain forest

mounteain forest

eastern mountain forest

most of coastal plain

mountain forest

northeastern coastal plain

probably lowlan? forest
glades

muddy areas, femalesrange
widely on ground at night

ground, often near stones,
rocts, logs, etc.

burrows in ground
stream boulders
boulder grottoes

trees and shrubs in shade,
on and in dwellings

forest shrubs, palms, herbs
shrubs, weeds in sunny areas

weeds, tall grass in sunny
areas

forest floor, especially deep
litter

usually limited to tree holes

noss covered boulders and
embankments

openings and edge of forest,
especially fern thickets and
mossy forest.

marshes, wet meadows, lawns
cpenings and edge of forest

low canoples and bromeliads

swamps and ponds




hatching the youngz are fully metamorphosed freglets with reabsorbed
tails and functicnal lungs. Deveral writers have mentioned that a
parent remains near the eggs during developrent, this has been in-
correctly assumed to be the Temale. In the course of this survey
the eggs of E. cooki, E. hedricxi and E. cogui have been observed;
the latter two have heen seen repeatedly ant the course of develop-
ment followed. In all three the eggs have been attended by the
male parent; in the latter two the eggs were attached to a wall of
the shelter known to be routinely occupied during the day by that
male,

A male, when in the shelter and ncet disturbed by the cbzerver,
kept some part of his body in contact with the egg mass, ususlly the
lateral or wventral surface of the abdomen. If disturbed, he quickly
left the shelter and hid nearby, but returned within a half hour or
so and tock up the came position., Bggs were observed to increase in
diameter during development, even when the shelter walls were dry,
indicating that water was absorbeil from the skin of the male. Males
were ceen Lo travel at nicht to nearby cources of water where they
Arank by the usual smphibian method of skin absorption. Thus, in
the species observed, such parentzl behavior is probably essential
to normal development; in two cases where rmales were removed, the
eggs Talled to hatch., Hatching required approximately three weeks
and the young remained in the shelter for about three days, sitting
under or in contzet with the male or with the collapsed egg skins,
which remained moist. At the end of this time the young dispersed
immediately, day or night, 17 disturbed; but undisturbed dispersal
occurred at nisht and was nct cbzerved., Hgp skins and remairing
undeveloped egps ‘llseppeared within a day after dispersal of the
young; the exact method of removal has not been cbserved.

The specles most thorouzhly studied has been E, hedricki.
Although rare by comparison with most of the speciesz, adults of both
sexes cccupy treeholes, many of which are near eye level and =zre
open enough Tor easy observatici. Although, to our knowledge, no
cne has actually observed ovoposition in Eleuthercdactylus, Clayton
Gist (personal commmication) was able to bracket its occurrence
closely by routinely ubserving for several nights a group of males
whose shelters were known. He reports that a female was observed
at 2100 hours in the shelter of & male known to have a week-cld egg
mass already developing. The palr were not in amplexus at that time,
but by 0900 the following morning a new egg mass had been placed in
contact with the old one. The female spent the day within the male's
shelter, departing between chservations at 1700 and 2100 the second
evening. Males of this species continue tc call from within and near
the shelter while they atlend eggs, and have been cbserved to accumu-
late as many as three egg masses at different stages of development.
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Occasional cbservations of incubation by E. coqul are
facilitated by their habit of adopting human artifacts, such as
flowerpots, glass or metal cans and cardboard boxes as shelters.
In the Tforest, detritus-filled axils of plant stems seem to be the
most cormon shelters. Numerous coqui nests observed have always
congisted of a single developmental stage. One male observed peri-
odically through the course of four successive broods did not call
while incubating except ror a few cccasions when new males began
calling in his vicinity. At these times he emerged quickly from
the shelter and called strongly until the newcomer stopped. Ad-
ditional observations behavior in this species are reported under
the heaiing of phase VIT,

Egg care by E. cookl was observed once, and comparison with
the observations of Juan Rivero {personal communication) indicates
that it is typical. A male (verified by catching individual and
observing vocal pouch deveicpment) covered with his body an egg mass
attached in a shallow corncavity on the underside of a larse boulder
same distance below the ground surface in a boulder grotto. When
released, he hid in a crevice but was seen about an hour later on
the eggs. He did not call during the time watched although two
other males were calling at distances of about 10 feet. It is not
known whether the site was a spot habitually frequented by the male,

Clearly these scattered observations need to be supplemented.
The slow aceumulation of <dats is due largely to the diffuse nature
of terrestriul breedingz, when compared to the large, usually seasonal
aggregations of water breeding terresirial frogs. Most Eleutherodactylius
leave their shelters secretly and rapidly in the evening, and enter at
dawn; territory-hclding males seem to utilize the best concealed
shelters avallable. The weight of authority stating that Temales are
the attending parent (Schmidt, 1928) is an asdditional problem. Heatwole
assumed (personal communlcation) that a clutch of E. richmondi eggs
discovered in n decaying ilog were attended by the female, and did not
attempt to determine the sex.

An entirely new set of hypotheses sbout the reproductive dynamics
of Eleutherodactylus emerge “rom consideration of the terrestrial bre-
eding pattern, the dlemonstrated male territoriality, and the impli-
cation of male attendance (from the only three species uneguivocally
studied). When wmales holdl reproductive territory they increase the
probability that their cwn genetic line will be propagated by mating
with the nearby females; they alsc reduce the contribution of surplus
males by suppressing their reproductive activity or forcing them to
set up territories in marginal habitats. This appear to be the situ-
ation in E. hedricki, whose populations may be extrinsically limited
by the availapbility of suitable treeholes and the ability of the
very young to rezch treeholes in the arboreal habitat of this gpecies.




The youns of . cogui, huvever, seek shelter on or near the ground,
and only large juveniles and adults are strongly arboreal. 'he
apparent refuszul of male coguls to accept new esgs while attending
emirs, combined with continued defense of the acoustic territcry,
ceuld therefore serve as an in-rinsic, Jdenslity-iependent mechanism
for population limitation, F.reing surplus reproductives of koth
sexes intc marginal habitets, an! zeeping the territory free of
competitive young at tlely most nunerous, least mebiie age. The
following observations may be relevant to this hypcthesis: (a) the
populaticns of normal frog predators such a2s small mammals and
snakes are unusually low in Puerto Rizo; (b) frog populations of
many species are extremely high; {(¢) vocal aectivity of frogs in
Puerto Rico is greater than even the population densities would
tead cne to expect; (1) the diversity of calls produced by some
gpecles indiecates that wvecal funetlons other than sluple mate
attraction are beinz met.

A hypothegis receiving some attention from ecologists recent-
ly is that overlap in ecolc ul niche between territorial speciles
can favor the Jdevelopment of interspecific territorial behavior.
Orians and Horn (196%) andi Orians an? Willson (1964) clearly out-
lined this hypothesis, and their studies of blackbiris with partial-
ly overlspping niches support the theory. They considered the visual
defense of feeding tervitory from which the young were supported by
the aiults, anil stated that the structural complexity cf the habitat
rontrolled the energetlc expense of dtefense threugh the amount of
patrol required. Most hablitats are relatively transparent to scund,
however, sc relatively inexpensive modifications of acoustlec terri-
torial signals should enable them to carry interspecific messages,
The iearned mimicry of such bird species as the mockingbird probably
functions in this resard, and much other mimicry may be uncovered
by experimenis that elucidate the exact nature of territorial, as
tistinguished Trom mate attraction, aspects o the calls. The
converse of the above hypothecic couldl even be true in forms as
strongly acoustic in ovrientation s fropgs; that the demonstrable
ameunt of interspecific territoriality indicates the amcunt of
potential niche overlap bvetween the heneficlaries, normally the
youns.,

Phase IV - Voeal Organization

A survey uf vocalizations was malde in collaboration with Dr.
A.5. Rand of the SBmithsonisn Tropical Research Institute. Calls
were tape recoriled, using several recorders at different times.
Sepments of activity 2.4 seconls in duration were analyzed with the
Kay Eleztric Scund Spectrogsraph; one or more calls Tor most specles
can be included in a sample of thisg length. The fregquency compo=-




gition of each call and of whole assemblages were analyzed both with
the sound spectrograph and with a B & K type 2107 Trequency Analyzer.
Vocal organization over longer time intervals has been sampled from
tapes and outdoor microphones using the analyzer, a diode demodulator
and a galvanometric chart recorder. Early efforts to continuously
monitor selected species with fixed comb filters tuned to dominant
frequencies have yielded eguivocal results because the species were
discovered to shift dominant frequencies in the course of the year.

A scanning and integrating system which will cover any desired
portion cf the audio spectrum in approximately one hour and continous-
1y record a series of spectrum plots is currently being placed in
operation. All but a few overlapping species can be picked out as
separate peaks in each scan., These have differing activity cyecles,
0 their periods of peak sctivity appear distinetly in time.

Figure 1 presents sound spectrograms of representative calls
for each species; these are tracings from which background scunds hot
produced by the individual frog have been edited. Compression and
mark levels of the machine were adjusted to print only components
that were within 12 dB of the loudest component. Although weaker
components are fregquently useful for deducing attributes of the
sound-producing apparatus, they have seldom been found to have bio-
logical significance. The calls presented in figure 2 are considered
not to be functionally homologous to the regular calls and their
functions will be discussed later.

Figure 3 presents vocal organization over longer periods of
time for those species which have been adecuately studied. Resoluticn
on this scale is not always enough to show individual notes, and some
calls composed of rapid sequences of notes are shown as single marks.
Another compromise adopted in this presentation is selection of a
vertical scale; an attempt is made to simulate oscillogrem format,
where mark width 1s equivalent to amplitude, but where notes represent
different frequencies, ss in the case of E. cogui, the wider marks
denote the higher freguency., Mark widih denotes duration in the case
of E. eneidae, E. locustus, etc,

A working vocabulary has been developed for the verbal de-
scription of vocal parameters; it agrees in general with the usage
of other bio-acoustical workers, but differ in slight details. The
ncte, taken as the basic descriptive unit, represents the scund
modulation produced by a single contraction of the thoracic muscu-
lature. Notes can usually be identified by cbserving the body wall
and/or vocal pouch of a calling animal. In recorded sounds, notes
can often be identified by observing the wave~-form envelope on an
oscilloscope. Because muscles cannot reach full tension instantane-
ously, the leading edges of notes are rounded, with a relatively
gradual rise-time in intensity (note the exception below).
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Figure 3. Calling pabtterns of ten species of Puerto Rican
Fleutherodactylus. See text for additional explanation.
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Many species use structures within the larynx or the glottis
to introduce pulse modulation within the period of single nctes
(Martin 1967). The repetition rate of these pulses can reach an
appreciuable fraction of the voeal chord vibration rate. In some
species the wvocal chords themselves produce low frequency pulses
which may cr may ncot be further modulated by other structures; only
the high order harmonics cof the pulses are coupled to the air from
the radiating surfaces of the veeal pouch or bedy wall, In other
species the wvocal chords vibrate 4t a high frequency and only the
fundamental or a single low orider harmonic i1s coupled ocut, producing
clear whistles or peeps. Low frequency pulse modulation 1s always
audible as a harsh grating or gguesking quality in the sound; it is
identitiable in oscillograms 2s sharp rise-time pulses and in sona-
grams as a4 series of spaced lines whose spacing defines the pulse
frequency. High frequency wveccal chord vibraticn with secondary pulse
modulation appears In sonagrams as a central, strongly dominant
frequency with more or less symmetrical sidebands above and below,
while pulse modulation by the wvocal chords themselves appears as
more cmoothly spaced harmenics whogse amplitude listribution cutlines
the response charscteristics of rescnant gstructures in the acoustic
puthwey. Pulse mouulation is evilent in the calls of E. richmondi,
E. karlschmidti and L. unicolor shown in figure 1. Thelir general
relationship to cne another s dliscussed later,

Low frequency pulse moduiation is a potent scurce of confusion
in liscovering =coustic homoiogies, as slow pulses are analogous to
fast note repetiticon rates, -nd conslderable overlap occurs in anurans
ag 4 whole. Confusicon 1Is normally resolved by cbservation of calling
animals. Freguency chanses in successive pulses of souna often indi-
~ate that the animal is holding contimuious rmuscle tension, while with
garn pulse air migrates from the lungs te the voeal pouch or mouth,
changing the resonont frequency of these structures. A final con-
Tusion arises Trom the possibllity that the pulse Torming structures
ean ¢lose between notes, opening exploslively at the beginning of each
note to confer a fast rise time ani produce a2 wide band noise to be
shaped by the filtering acticn of resonant structures. The clicke
pruotuced by E. eneidae, E. !'ccustus, E, cochranae, E. gryllus and the
longer notes of E. hedricki are believed to result from such action;
the bepinning f each note h=a:z & brogd bandwidth but lacks distinguish-
able zidebands and appears to be a Tilterel noise, while the remainder
cf the note resembles the unpulsed introductory whistles, Thus, each
click 1s a single pulse; it is also a single note a5 suggested by the
lack T progressive change In tominant frequency and easily verifiable
by observation. The clicks of E. sryllus exhibit a trend, however,
towar: pulse-modulation similar to that of E. richmondi; the pulse-
forming structures apparently vibrate through the course of the note
and superimpose pulse modulation ranging Tfrom slight to fully developed,

The changing dominant frequencies of E., coqui, E. portoricensis
and E. antillensis represent more sophisticated vocal artistry than
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the passive shifts that cccur as a by-product of low frequency pulse
modulation. These are two-note calls, as verified by cbservatiocn cof
the bedy wall, in which vocal pounch resonance is changed by moving
air in or out in synchrony with the laryvngeal mechanisms, 1n a manner
analogous to the playing of a trombone. A more exact idea of the
precisicon inveolved is gained from imagining a hybrid instrument be-
tween a trombone and a single key accordion; the air volume of the
Instrument controls the resconant frequency and at the same time the
alr movement powers the reed. Thus, the reed must be keyed in and
out at the exact times when the changing volume is vight for the
notes to be played. Individuals of these species are sometimes
observed to miss the exact synchronization reguired and produce wesk,
off-key notes. They also engage in tune-up procedures reminiscent of
human musicians.

Calls represent the next level of organization beyond notes,
and the calls of several frog species consist of single notes. The
unit of repetition defines calls where repetitive sequences of dis-
similar notes occur, at least if the differences involve Trequency
or note duration. One difficulty in interpreting the present species
occurs with E. britteni, which produces sequential clusters of in-
creasing numbers of notes. The number of notes at any given point in
the sequence cannot be predicted exactly, however, which suggests
that each cluster of nctes ic a separate call. The hypothesis is
strengthened by the similarity to the call organizaticn of E.
antillensis in figure 2; other evidence for their close relationships
is given later. The notes of E. hedricki are harder to interpret; a
call may be one ncte or a sequence of notes, A later discussicon of
relationships sugpests the latter. Despite the rapid note repetition
rate of Leptodactylus albilabris, the unpredictability of note number
indicates that each ncote is a single call. There 1s no sign of note
organization in that specles; an unvarying sequence of notes can
exten:i for more than an hour.

The term "call group" applies to a series of calls separnted
from later, similar series by perlods of silence. In those species
exhititing call groups, the number of calls per group cannot be
predicted exactly. However, call rate does characterize each species
and was the basis [or discovering the distinction between E, coqui,
and L. portoricensis (Thomas 1966). 'The Tunction of call groups
themselves will be discussed more fully in phase VII but it was noted
in the survey phases that the beginning and end of the daily cycle of
vocal activity involve pericis of continuous calling in which call
group corganization 1s not apparent. At these times, males are apt to
call from within, or very near to, their daytime shelters, where
eggs in those species observed are deposited. The implicaticn is that
mate attraction may occur during these periods, leaving cail group
organization tc be a territorial device. The hypothesis is strength-
ened by the fact that, as call group organization develops, the males
climb vertical structures, sometimes high above their daytime ghelters,
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Available data on the organization of vocal activity in the
diurnal cycle is diagramed in Tigure L. This preliminary informstion
is pending the guantificaticn ¢l znmual changes and a better under-
standing of climatic and altitudinal wvariables. As stated in the
section on microhabitat, the specles do not respond tc the same
variables in the same way. For example, the vocsl activity of E.
cequl seems to be more influenced by humlalty than vy Lemperature,
while the reverse seems to be true of E. hedricki. Although both
call actively on warm, wel nights, any . hedricki is very active
on warm dry nighte, typical of late March and early April; occasional
cool, wet nights in the same period reverse the relative activity.

Most of the species appear to be stimulated into activity by
sound, Including that of other species. The only one that appears to
be negatively arfected by other species is E. karlschmidti, which
gives the subjective impresgssion of fi]ling silences, even at times
during the day. This species and . wightmenae synchronize callsg
closely with other conspecific mﬂles and seem to be stimulated to
call by flashes of light from pguuﬂng autonobiles, ete. Many of the
species respond with cails tc the cnset of showers, even during the
day. lHeavy rain can depress calling activity in the smaller species
such as E. brittonl and E. wightmanse; perhaps the mechanical effects
of StrlklnL raindrops are responsibie.,

Not enough data 1s available to compare annual patterns in
vocal activity. E. richmondi appears to be stimulated by low
temperatures; it is maximally active on the coolest nights while most
other species, except possibly E., karlschmidti and the inadequately
studied E. unicolor, are silent. Agzin, the slope of correlation
with most of the LliEutlnﬂ weather variables differ between species.
The Rain Forest Program Annual Report 1964 stated that temperature
and humidity alone were lnaleyuate tc account for seasonal changes
in the wvocal actliviiy of the . portoricensls complex; hormonal
changes are believed to be involved. The freguencies monitored in
that study, incidentnlly, lie in the band ¢l overlap between the
secon: notes of E. cogul and L. portoricensis, and activity levels of
both species were actually stulied,

Appendix I proviles a key to the vocalizations of common
Puerto Rican frogzs; only the ‘iyla and Bufo lemur were not studied in
our survey of vocalizations and are omitted. An effort was made to
make the key usable by non-specialists; terminclogy not found in
standard dictionaries 1s avel led and no measurements are reguired.
A tape of typical calls ol each species hags also been prepared.
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Figure k. A diagrammatlic approxlmaticn of dlurnal vocal
activity cycles in Puerto Rican Eleuthercdactylus.
The patterns show can be nodified by several
variskles.
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Phase V - Evolutionary Relationships

The survey als: tried to establish the main features of
evolution in the Puerto Rican Eleutherodactylus. The dynamic
equilibrium, which is the real subject matter of ecology, can be
most profitably interpreted when it is considered over an extended
time, and, conversely, evolutionary trends are most meaningful 1in
the ecological cconlext.

A tentative pattern of relationships can be derived from
the information in Table 2, which draws con morphological evidence,
chromosemal studies, and the patterns of voecal organization.
Comparative morpholeogy of Eleutherodactylus can be seen in Appendix
II, which 1s a guide compiled from our experience in field identi-
filcation of species, and is also intended Tor use by non-specialists,
Numerous errcrs ave probably still present, and additions, corrections,
or suggestions will be welcomed. The toads (Bufu), the bullfrog
(Ranaz catesbiana) and Leptodactylus albilabris are not included;
their identification shoulld pose little prcblem, gince all of them
lack expanded toe pads, the bullfros has webbed hind feet and the
toads have dry, warty =kin.

Differences in size of eyes and toe pads of Eleutherodactylus
received considerable attention from early classifiers, but are not
reflected in the patterns of relatlionship cutlined in Table 2. This
results from application of the theory that features of the greatest
ecological importance are most rigorously subjected to the acticn of
natural celection, i.s., structures and behavior used in foraging,
concealment, reprodurtion, ani locomotion within the microhabitat,
Thus, they shoull tend to change most rapidly in evolutionary time,
whether the changes are parailel, divergent or convergent. The
vecalizationz used to attraci mates are particularly subject to
pPressures toward livergence, slnce failure to achieve recogrnizability
can only result in the production of hybrids, which are apt to be
non-viable, steri.e or otherwise poorly adapted., The morphological
featurez of coler anl pattern have long misied the prospective
student of Eleutherodactylus classification; some of the species,
Including the common coqui, maintsin systems of cclor polymorphism
that lascinate ueneticists, but only confuse the effort to identify
species, If the indicated relationships are correct, polymorphism
itself is partially indeperdent of phylogenetic proximity, the most
extreme specie: apparently being L. cogui and E. locustus.

Chromosome number is perhaps the mosi fundamental characteristic
selected for inclusicn in Takle 2. This characteristic is relatively
conservative, since It is not subject to atrong selective pressures.
Only two numbers appear in the Puerto Rican Eleutherodactylus fauna,
2N of 30 and 26, end neither the mumbers nor the number of chromosome
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Table 2,

Tentative pattern cf evolutionary relsticnships
in Puerto Hiecan fleutherodactylus.

chort term hour-
Dipioid Zanthus Call czll synchro- glassg
cpecles Chromosomes  rostralis  ramps nizaticons marks
E. richmondi 30 B - W -
E, unicolor 30 2 - % -
E. karlschmidti 30 p - g -
L, cogui P £ M 1
E. cooki o + 2 -
I, portoricensis ® # & t
E. antillensis B % o -
E. brittoni P + 14 .
E. wichtmanae 25 - 3 -
E. hedricki B - e -
E. eneidsue ald - W -
E. locustus it 2 - W
E. cochranage 26 R - 7 -
E. gryllus 20 I - S +
abbreviaticns uszed
prominent and strolsht
R rounsesd and curved front to back
M intermediaie
W wenx

S st
ZH Tty

- ty

rong
pieally riesent
picaliy absent

inaceguately stuiled




armg based on centromere pesition indlcecate that one was recently
derived from the other, Chromoscrme morphclogy is being studied in
collaboration with Dr. James sogart of the University of Texas, who
has evaluated the chromoscomes of several Central and South American
Eleuthercdactylus species., He hazs not found the 26 number there and
though the evaluation is not completed, it appears that the 26 chromo-
some cpecles from Puerte Hice are fairly consistent internally and
not clesely related to any other species in his study. Chromosome
nunbers of specles on other islands have not yet been determined;

the 26 number or derivatives Crom it may Le associated with the au-
riculatus species group mentioned by several authors, with representa-
tive In most Caribbean islapde. If so, this group might be elevated
to the status of =2 separsate menus.

Chromcsome morphology between those species in Puerto Rico
having 30 chromosomes 1s net varticularly consistent and the many
other differences susgesi that they have had long independent
historles, All however, have a oirong pulse modulation In the calls,
anl tend to be nore active in cooler weather than the other cpecies;
they also have a straicht, fairly prominent canthus rostralis, and
almest no color polymorphiom,
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The species having 76 chromosomes can be subdivided into two
groups based aon the shupe of the canthue rostralis and the tendency
to erganize calls info call gsroups of preogressively increasing call
rate. The stsius of b, hinanoe is uncertain, and mzy occupy an
intermediate pcsition; its call has two frequencies (Figure 1), it
has weak call zroup crganization (Fisure 3), and its call rate does
not temdi to increase within call groups. Call rate increase, termed
"ramping", distinguishes iive species; E. cooki may represent most
closely the ancestrszl morphology and vocal organization. Three of
the ramping specles hove regular two-note calls of obvious homology
(Figure 1), an?t occncional calls {Figure 2), with slightly higher
pitch and multiple nctes that show homology to the regular calls of
the cother two species. The calls of E. brittoni are complex,
increasing in both the nuwiber and rate of notes, but are probably
derived from an ancestral pattern cormon to that of E. antillensis.
These two species are very similar in morphology and habitat, and
possibly diverged only siightly longer ago than E. coqui and E. porto-
ricensis, which are the mcst similar specieg palr in the fauna. It
is noteworth that E. portoricensis places less emphasis than rloes
E, cogqul on the hisher pitched note in its call, and ceould be in the
Tlong Term process of abunloning it,

ot encugh luta i1s yet available to assure that nen-ramping
species constitute a coherent suboroup. Tc some extent, vocal
crganlization characteristics cul across patterns of maximum morpha-
Logical similarity, There is a clear link bhetween E. locustus and
E. cocliranae, which has been discussed by Riverc and Majcres (1963)
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The same pattern of call corgesnization and structure is shcwn by L.

eneidae, i.e., no call groupe and a whistled long note feollowed by a
geries of clicks, with 1ittle tendency to tight call synchronization
between neighvors, but the latler species also has morpholoricsl
affinities with E. hedrickl. The nctes of E, hedricki coulsd be

interpreted as lenzthened clicks, minmus an introductory whistle.

In that interpretaticn s whole zegquence of notes would constitute

a slngle call., Xach sequence iIg normally given in synchrony with
nelghboring Individuals. 'The synchronization of E. wightmanae is
clearly at the call, rather than the call group level, with larse
numbers of individuale calling aimost as a single frog. The calls
of E. gryllus, on the other hand, seem to be synchronized at the
call grovp level, Their organizaticn seems to be similar to, but
slower than, that of E. brittoni. The study of E. gryllus has been
hampered by the difficulty of placing a microphone so that calls of
one individiual are distinguishable from cthers. At the elevation of
the £l Verde Ztation, the species usually calls highin trees, 2nd
calling males appear to be clustered in the same or adjacent trees,
with non-calling individuscs {requently encountere? far from the
chorus. This is the only speciez where the males show any evidence
of congregation. The cdosest morphological affinities of the species
seem to be with E. lccustus.

The survey of relationships will, hopefully, be strengthened
by & survey of biochemical similarities, using modern techniques of
chromatography and electrophoresis. Chemical characteristics proba-
bly have a whole spectrum of sensitivity to selective forces, and
will need to be evaluatel in conjunction with the cther catz., An
effort will also be made to interest students of comparative oste-
ology in the cpportunities presented by a germus in such an apparently
active stage of specles fTormation.

The pny ogenetie dlversences and convergences in the frog fauna
of Puerte Rico will be significant in the broader interpretation of
the evelution of species divewrsity in the tropice. Tsland faunas have
already contributel uniquely in this respect, because the ever present

problems of dgland diegpersal have filled a variety of ecological niches

with closely related species, in which evolutionary trends are rore
easily discerned. The contribution of the finches of the Galapagos
Islands to the evoluticnary theoriec of Charles Darwin is a classic
illustration,

Phase VI - Experiments in Niche Definition and Energy Flow

This anl the remaining phase of the study are still in active
stages of data collection and will depend on guantitative results
and experimental procedures to test hypotheses already outlined, to




generate new ones, and to round out our understanding of the eco-
logical roles played by frogs. A detalled sztudy is now being con-
ducted on the types of prey items found in the stomachs of each
available forest frog species; a progress report is presented under
a separate heading.

Frogs in the vicinity of all experimental sites Involving
gamma-emitting radiocisotopes have been monitorel for uptake. Since
individual frogs tend to remain for long pericds of time in one area,
repeated measurements of the same individual have been obtained.
Animgls were captured, whole body live-counted for gamma radiation,
marked by toe clipping if not previously marked, and released at the
point of capture. Camples have been small, bult encugh dzta has been
accumulated in three experiments [or preliminary conclusions to be
reported and much information relating tc lesign of future experiments
has been gathered.

In one experinent, 13&Cs, 858r, SMHn were applied to 4 square
meters of Torest floor underlain by water-collecting lysimeters at
various depths. (PRNC 119). Animais were first tested in this plot
eight months after isotope application. At that time 2 resident
Trogs of the E. pertoricensis complex (not separatedl then) and 3
resident Anolis gundlachi lizards were found to have body concentrations
of 1345 approsching those in the plants rooted in the plots; isotope
traces were found in lizamls as far out as 15 meters, and in frogs,
including E. richmonii and E, wightmanae, out about 8 meters, Animals
taken in the first ccllection were sacrificed to determined which tis-
sues retained 134pg {it was generally distributed in the body), but
new snimals moving into the ares were found Lo inerease concentration
gradually. TPcellow up studies at about yearly intervals have shown

lower concentrations in animals. In the last sample taken (spring
1970) two individusls of B, coqui showed average counts of 5 & L cgm
above background while = single 1, portoricensic had 25 ¢ L cpm 13'05_

In @ secoml experiunent the epiphytic bryophytes, lichens and
algae asscciated with tree trunks were labelled with 65Zn. Three trees
vere used and the solutlon was spplied to the first six feet of each
trunk, Four specimens of E. cogui and one of E. hedricki, monitored
over a two year peric!, reachel an equilibrium_concentration ranging
Trom about 100 cpm per zram wbove buackground for a frog resident on
one of the trunks to 20 cpm per sram in a frog living 2 meters away
on a ditferent trunl, OSeveral inlividuals of the terrestrial species
E. richmondl and E. wightmanse Tailed to show measursble uptake.
Lizards showed much higher levelg of uptale buf none of the predatory
vertebrates approaches the levels reached by snails of the genus
Caracollus after even a single night of foraging on the trunks. It
was concluded that the vertebrates did not ingest, or perhaps digest,
the labelled plant matevial directly and probably received their intake
of isctopes via prey that had fel directly or indirectly on the plants.




The thiri experiment iz almost negative sc far as isotope
uptzke by frogs is concernedl, but the methols developed show promise
for future stwlies, DLarge cancpy trees were injected with garmo-
emitting isotcpes In twe stuly pleots zbout 80 meters apart. Seaf-
fold towers adjzcent to the {rees were erectel beforehand, and in
an effort to increase Trog populations in the areas, 28 nodes of
bamboo were attached at = ﬁ/‘ oot intervals to each of two diaggonal-
1y opposite ftover legs. lhe nedes were cut zac as to be closed at
both ends with a notah QTWAY TE¢P the hottom end. In four months

el
the lower 22 shelters (3H L/C feet) on each tower were colonized by
coqui and X, hedrlcokl of both sexes, with populations stabllizing

at about I meles and L to £ ferales on each tower. The tree besides
cne tower was tagged with SESr. At the other site one tree was tag-
ged with a mixture of 85Sr, 85%p and 5uﬁn' 5 second tree was labeled
with 137Cs.  Details of these ewperiments =re given in the Rain
Forest Annual Report 1960, “ter L& menths 09Cr and 1370s are the
only isctopes detectable in the tree leaves. Canopy foraging: lizards
of two specles in both areas showel measurabiie uptake of Ser by the
fall of 1969 but ground-iwelling species di. not. The tower frog
populations have been gamma-counted at intervals of about two months.
In Yebruary 1970 =z 'inrle Temnle I, cogul living near the ground

showed a barely meusurabie (less than 10 cpm) uptake of 137Cs, after
having been negative in December. At that tinme, litter-dweliing
frogs were tested for 137Cs, ard three B. wightmanae had neasurable
levels, while two juveniles E. cogul dil nct. lost of the tower
population of froge remain uncontarinated by elther isctope, =s do
the ground dwelling liznris.

Future tracer experiments to stuwly energy flow appear promising
and can provide data on both the fate of radionuclides introduced in
the system znd the sources ol energy tapped by varicus branches of
the aninal food web. A proposed experiment weuld label 1living plant
tissue with one isctope wn. the decomposing compartment with a second
isotope. A second f‘e.tﬁent would use the same isctope pair in
reverse:dl contigurstion romendtoring the gradual mixing of these
igctopes in iiving in vhe litter layers, a scurce ratio
could be nevelioped T2 compare ratios in the predatory

5 might then provide an estimate of

animals. Ratics in these s
the relatlive proporticon of prey that are herbivores and sgaprovores,
and thus quantitfy the froction of energy passing through the plant
decomposer compartment before entering the mnimal food web. This
fraction is expecte’ to ve hivh in the forest generally, although
higher for the predstors dwelling in the litter layer than in the
arboreal species. Oiwmller experiments using ratios of paired isotopes
in reciprocal applications {as a control on differences in isotopes
behavior) can be used to compare energy flows from decomposing fruits
and leaves, leaves znd stems, cor wmany other combinations of ecosystem
compartments, ALl of these wculd supplement direct anszlyses of
stoemach contents in defining Gifferences in feeding niche.




Phase VIT - Terwitoriality and Population Dynamics

Throughout the survey phases of this program, general evidernce
has indicated that male frogs of most speciles practice reproductive
territoriality and the acoustical =ignals are used fo cocrdinate
territorial behavior. The exact definition and bioclogical consegquences
of territoriality are still somewhat controversial, but in general,
reproductive territeriality involvesz the ability of individuals or
palrs to discourage or prevent reproductive activity by rivals within
g more or less definable gsrez in space and time. TIn theory, such
control can convey several aldvantages. It can help to ensure conti-
muity of an individual's menetic line by increasing his probability of
breeding. It can also allocate and secure resources necessary for
survival of the brood; in aiditiocn spreaiing the reproductive popu-
lation throughout the suitable habitat and placing the optimum re-
sources at the disposal of the most vigeorcus individuals and their
progeny. An dinteresting and still controversial hypothesis is that
inflexible reprcoductive territory size could place a fairly sharp
upper limit on total population size. An additional requirement for
this function would be that the amount of reproduction within each
territory have an upper 1imit, With these ideas in mind, a2 series
of experiments hnve been designed fo uncover the nature, role, and
extent of reproductive territorizlily in Puerto Rican frogs.

The coqui 1s a logical first species to choose for intensive
study at El Verde IMleld Station, since it 1s zbundant and the only
species whose nocturnal activities are carried on above ground, in
apparently normal Tashion, within the area of artificial light
provided by the station. Larly effToris to study this and other
species by flashlight made slow progress. DBEehavioral seguences were
often Interrupted by the unaccustomed light and no Tramework of
reference was available to interpret some disconnected sequences
observed.

Special attention was paid to calls for several nonths and
unusual ones were tracked down for identification of behavioral
correlates. Varicus sytems for recognizing individuals were also
developed; some had distinctive color patterns, some were toe
clipped, and one small group were for a month given waistbands of
tiny color-coded beads. The latier method is ideal for quichk recog-
nition at 2 distance but requires further refinement., While behavior
appeared normal and breeding cccurred, lesions developed where the
bands rubbed the skin.

The population density of coguis within the area of the light
appeared to be somewhat higher than in the forest, probably lue to
concentration of insect prey. The small population beaded for easy
identification consisted of ften adults, £ix males and four females,




all retreating at isybrean into crevices in the ceorrugated =lumirum
walls of A5 small tocl shed cent to the lsberatory building., No
attults permanenily entered cv ielt the ares during the month of in-
tensive observaticn, alzhou the populaficn of juveniles appeared
to wax and wane. Only one le, the largest, called regularly within
the shed, However, on & few evenings cne of the fwe next larzest
maies called 3 w times, reculling in noticable increase ©f voeal
activity by the e%tablioned male,  These apparent challengesn were
not zustazined cr repeated on subsequent evenings. The larsmest pair
of frogs bred once during the month and the second largest femae
presumsbly did: egg:z were visible through her skin, she was absent
from her accustomed perch for one night and reappeared the cubsequent
night minus the ezzs. She muzt have moved into the near roy forest for
mating; none of the nearby ectablished males being monitored mated
that night.

{

When undisturbel, esch asult frog noved in a Talrly preaict-
able pattern durins the night. The deminant rale bepan cailing a
few minutes before Jdark ani cilled Trom within, or at the entrance
to, his daytime shelter unti. about an hour after dark. The other
Troge emerged Jjust before Jusk and often rmoved scor after dsrk to o
nearby ocutdeor eink whose normslly moist bottom provided drinking
water. Within zn hour after 1 ark, each frog usually appesred within
a foraging (or calling) territor V' houe ares was almost inversely
proporticnal to the gize of the fros but whose quality, in terms of
insect concentiraticon, was in iirect prcportluh te size. The two
ilghted windows nearby were each ceccupied ty one of the largest
femzies, each female hal o favorite perch in a corner Trom which
sprang to obtain insects alighting on the pane. The dominart rmale
had a serles of callineg statiens o each side ani above his chelter,
in right angle corners and other cheltered spots inside the ched; he
rotate]l from one to ancther Tut moved immenistely to the nesrest
gtation to any cther male {hat bermun calling., The other five males

and twvo females movel zbout more, but each was apt to be found in
favered locaticns, often on oa will that was festureless to the human
eye. The iominant w2le interrupted calling to take insects on ‘iry
nights and stopped calling well befere midnight, often meving directly

to areas of hlgh ;nseat coneentration up tc ten feet awsy from the shed,
indicating that the terrain =nl ifs prey possibilities were well known.
Cn wet nights he was seliom seen to feed, and called almost continuously.

The peculiar call shown zt the top of ﬁigure 2 wag hezrd several
times. The four times it was successfully traced, the source proved
to be one of the larse femalez, three times in favored feeding areas
and once in the shelter crevice. kach time, the female was facling a
smaller frog of either sex that hai entered the area. After repeating
the call a few times, the larmer animal butted the sides of the smaller




and called ggain.  The inftruder usually retreated a few inches aiter
the Tirst atifack and more when it was repeated; the aggressor usually
persisted until the intruwier was several feel away, then returned
guickly to the Tavorel pevchi. BSuch Jdefense of a feeding territory
was observed only in Lthe larr-e Temasles; smaller females and males
fed in apparent peace, although preferved spots seemed to cover the
available space ifairly well. It is not yet clear whether dominance
hiersrchies existed, or if feeding tevritcries were marked, pcseibly
with cdor. The call just deseribed is termed a "warning call" from
its timing; but it elic’ted no cbservable effect when played in the
vicinity of frogs of either sex. Perhaps 1t serves merely to alert
recipiente. The cbgerver has heard 1t in apparently complete dark-
ness; ligzht revealel the ususl confrontation of twe frogs.

A male warning 2all, shown In Figure 2, appears to differ
from the female call mainly in frequency ani intensity, both probably
due to the presence andl inflation ool pouch. Male warning
calls exhibit a range of increaszing intensity and Trequency, and
blend at the low eni of boih with "warm-up” notes given in the day-
time, especially near dusk and dawn, from the male shelter. Warm-
up calls are repetiticns of either our both of the two notes of the
regular call and had no observable behavior correlate. A slightly
more intense version at night is a geed indication that the caller
will gsoon stop calling, but 1t can usually be linked in time to a
regular call being given nearby, and exhitits agonistic content by
anralogy to the next most intense versicn. 'This perhaps the most
interesting of the male territorial calls; it is given by established
males from the shelfter or o regular calling station when a newcomer
begins to call after the established males have grown silent for the
evening. When newcomers persisted in calling the warning calls were
usually followed up by vutting attacks, exactly as in females, except
that males were ohgerved to travel 10 to 1% ft. to attack., Several
established males zometines urriveld similtanecusly and effectively
silenced or druve awswy the newcomer., Warning calls were cnly given
within the area of calling stations; if the newecomer was within zuch
an area, warning csalls were interspersed with attacks, while
established males drinkling or loraging away from their stations
attacked without callins. The exact relaticnships here were worked
cut by playing calls with a tape recorder wfter the established males
stopped calling; this often stimulated the non-established males to
call, setting off the chain of events described. If no male called,
the established nales approached the tape recorder itself, attacking
any other frog they encountered enrcute, including each other. Males
with eggs in their shelterc seemed to have twe cptions in responding
to newcomers; they left the shelter and beszan regular calling or gave
the warning call, Tollowed scen by a butting attack. Note that all
of these responses weve giver to non-established males. The response
of non-calling established males to calling by other established males
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was either indifference or an cceagional low Intensity warning call.
Achievement of & calling tevritcry clearly invelves reciprocal recog-
niticn with a series of nelshbors, at least at the pepulaticn density
of the observed group,

The highest intensity ianl frequency, of male warning call is
used when any cother fros enterz the male's shelter, particulaV1y if
eggs are present. This is no-nonsense call, followed Immediately
by filerce pushing, anl wag once cboerved to be given tc a lizard at-
tempting entry. The call ig most frequently heard at dawn on ralny
mornings and apparenily couinclides wilh the presence of frogs that are
moving intc new areas and geering shelter without kncowledge of the
pattern of habitation. As alrealy mentioned, females call under this
circumstance, and the caills were alsc given by males with shelters
wno lacked established call territories. Tnfruders zonetimes responded
by relreating before they were attacked, although again no response was
obtained tc the scund niocne from = tspe recorier.

m
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At this point, the general behavioral framework of the adult
cogui populstion appears to be established, although some evperiments
can further clarify detailzs. Three itypes cof territorial orientation
are discernible: the shelter, which iz defended by all adults; feeding
territories, that can be oaseu cn past feeding success and can lie at
a distance from the shelter, efeniec meogtly by females; and call ter-
riteries of males, which invelwve interacticns with neighbors and hawve
a small perimeter of cailing ctations but & much larser perimeter of
area defended. Agonistic behsavicr atfecting other frogs is observed
in the :defense of each type of territory, and gimilar, probably homo-
logous, calls accompany each type of rdefense. In at least the dense
populaticns studied, wales lacring call territories ocutnumbered males
with them and provided =2 reprcauctive reserve, belng almest surely
unable to breen befrre obtaining call territories.

Two supportlng experiments are relevant here; one is a homing
experiment and the other involves restricting moveament by means of a
cage. £o far meost howing stuiles have been performed with established
males; they home rellably cwver igstance up to 50 meters snd scme
individuals returne: from 100 meters when carried in the zame direction
as o previcus S0 meter dispilacement. A few females and non-calling
males have failei to howme wher carriel 50 metere. turther studles are
planmed to test this type of tehavicr. Cage studies have provided two
Important clues to the reproductlve territorial behavior. A cage made
of 1/& inch mesh, galvanized hardware cloth was provided with plants,
ghelter, and a sumall shoded 11-ht bulb to attract insects throuzh the
mesh. The cage was located about six feet from the shelter of an
established male, Cne very lurge, previously established male and one
non-calling young nale were introluced to the cage. Although well
ncurished, neither wale was zble to establish regular calling territory
within the cage In six months. Xach caged male has challenged repeatedly,




more often than 15 usual for non-establishe? males. The reason for
riore frequent “thl nges ig probably that the cage protects them Trom
attacks by the resldent male. When either begins to call after the
established male stops, he often calls for the remainder of the night,
while the two nearest established males crawl repeatedly over the
surface of the caze seeking eniyy rcoutes and often butting one another,
or return to their calling s;atlons and Tinish out the evening in a
calling tric with the cagel mszle. 'There mzy be several reascns for

the caged males' failure to establish regular calling early in the
evening; they cannot retreat far enousgh Irom the estzblished male;

they camnot attract mates through the wire and, perhaps most important,
they cannct engage in physicsl contests with OhiSile frogs, in which
the large size of one male might confer the required advantage. Thig
male has, in the past twe months, =sitacked the smaller male in the

cage when 1t calls, indlesbing thal st least one attribute of carl
territoriality has developei. Ho Trogs showed evidence of physical
damage from the attacks.

Voecal interaction between czged males and the established males
outside the cage has clarified scme of the zcoustic mechanisms by which
call territories are won and held. CObservation has been supplemented
with experiments where tape recordings played through a cmell outdoor
speaker servel as a stimulus and the responses of a selectel rale were
recorded in coryrect time relaticnchiv on the other channel of a stereo
tape recorder. Three general classes of responses can be distinguished:
subordinate responses, equilibriwe responses and responses to challenge
by newcomers.

The early evening patiern of calling in E. cogui lacks the ramp
pattern illustrated in figure 3, and is strongly suspected to represent
the mate ﬁt'ractlpj system. Al this time little or ne interaction be-
tween adjacent mal can be noticed, althoush challenges from within
the eald. Terwilsny «pparently stimulate early deve lopment of the ramp
pattern. By the ne the male moves to a call station cuteide his
shelter, a plot of call rate verzus time besins to show increases and
decreases In rate, with pauvses beginning to appear when the rate is
low. Ramping in this species 1s very difficult to detect with the

ear alone - we lack sensitivity tc rate changes spread over periocds

of several minutes - but evidence that the frogs are very sensitive
appears vhen we superimpose vanps of Interacting iniividuals. Ramp
structure is nmuch easier to dletect in E. portoricensis, which calls
faster and whose individuals interazct =zs large groups. Male coquis,

on the other hand, interact in pairs or trios whose phase chanves and
ramp durations zre synchronized but independent of other neighbors.

The responses termed "equilibriws responses'’, can proceed at
twe levels and ususlly invelve two neighbors, each of whose calls are
louder when measured at the calling site of the other than thone of
any other coqui. OCne level s rewm synehronization, in which peaks

i
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andi valleys of call rate remain in register, while calls usually
shift slowly back ani forth in phase, with first one animal and then
the other leadlng. This sometimes gives way abruptly to note synchro-
nization, in which one indiviiual irops the second (high-pitched)

ste and locks his first note into fixed phase with the first note

the cther., Depending on tempersture, the lag between leading

edges of first notes ranges Trom uwbout 5,08 0 0,15 seconds, which
rrobably represents fthe accustic reaction time. The pauses during
lew call rate perilods dlsappenr in elther type of synchronizatlon,
ans rate fluctuzstions are still further reduced during ncte synchro-
nization.

FExact eguilibrium during ncte synchronizaticon involves =

balancer exchange of the lesading pocsition; one male holds the leax

for about 10 calis (20 seconds) andi executes a ramp, then as he slows
the other male speeds up and cbtalns the leaz, Sometimes the exchange
point is marked by toth Iroge crmitiling the second note, Figure 5
i1lustrates a pattern of exchonge in which balance was not exact;

this exchange was Interes tjn because the territorial history cf the
males was known., The male (nc. i) which held the lead most often had
been established for cver = vear, while the cther had been calling
regularly for onty two or three weeiks. Responsibi ity for faillure

to smoothly exchange the lead is difficult toc assign to either frog,
but the longer esiablished male appeared to interrupt often before

the cther relinguished the iezd by slowing Zown. The first two

Arrovws mark pcints st which neither male producesd seccnd notes; in
each case male nmumber 1 Zook the lead on the next note. There is
other evidence cf suboriinance in the responses of male number 2,

and it I1s possible tiat t“e ratio of total second notes produced by

each freg, 93:64 in this sequence, represents a numerical statement

of relative lominance between this pair of males. FExtremes of balance
ranged from almost 20 minutes of smooth exchange to gituations in
which note synchronization wis accepted by an established male but the
cther nale was noet allowed o hold the lead for more than cne or two
consecutive notes. lLon-establichel males sometimes produced soft low-
pitchel notes in perfect synchrony with the lagging member of a pair
of synchronizel, establishel rales, but any effort to take the lead
by the third frop caused the cther two to immediately abandon note
synchronization., Thiree estszi che? meleg were once observed 1n
balanced note synchrony for two complete vounas of the lead. Lach
male produced a ramp while the other two lasgged in unison, and each
walted two ramps before taking the lead; after this, one of the males
did nect obtain the lead again

Insight inte the functicn of two-ncte calls was gained from
these observations, from experiments with whistled first or seccnd
nctes ana from tape recordings where frequency filters were usced to
remove one component. Only ramp synchronization could be obtained as
a response tc high-pitched notes zlone, or to complete calls, which

L3
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receliverd the sume response Incepticn of calling by non-establichec
males. Presentation of the i-pltcned first notes slone, however,
orten stimalated note synchronizatlion, parficularly when played near
The end of the cailing pericd. Tt was possible to zet up equilibrium
note synchronization with = riltered tape vwhen intensities, times,
and temperatures were carefully mafched, bLvidently an agonistic mes-
sgge 1s carried by the higsh-pitchel notes, while the low-pitcheid
first notes provide a stimulus for synchronizedi, balancing responses.
Jeveral lines of evidence converge to support this view, including
the high piteh of warning 22 ls and the respohse to non-gstablished
males, which include active call responses and Lhe with-holding of

note synchronization with its suppression of hiszh notes. More evidence
came frem the responses to ‘ntensity of playback calls; vhen st notes
alone were played, intensity 5 not critical cver o wide rangse, but
vhen second notes were maidie _ouder than those of =& normal frug, response
usually stoppes altogether, sometlmes for hours. These notes appear

20 have a cumulative effect on all wmales, which is probably scmehow

related to an intesrsl invelving intensity, repetition rate ~nd time.,

Wk

Additional subtleties were discoverel in the more comion type
of voeal interacticn, ramp synchronization. Besides a tendency to
shift peak calling rate into register with the loudest neighbor,
there appearsto be an effort to increase average calling rate when
interacting with an unfamiliar caller. Details of ramp synchronizaticn
interactions are still being studied, bul the general pattern of this
behavior can be outlined using data from a related species, E.
antillensis. Figure £ shows results of uan experiment that tested
regetions of a single male of that species to playback of an earlier
recording ©f his own voice.

The heavy line in ench pair of traces in figure 6 is the
integral of call rate versus time in the tape played s=s a stirulus.
The tape recordingr beran at 100 p.m. when the temperature was 21°C
and the male wac interactin: minimally with neighbors. The ashed
line in figure € is = superimposed trace, recordex at the same hour
the next evening, at the szme temperaturs. This time the male was
interacting with an establicshe! nelghbor, and the palr of traces serve
as a control for competilive response when the test stimulus ic not
heard by the mzlie, Hote thoi the call rnte cycles are not repetiftious
enough for the minime and movins remain in any Tixed reinlicnship.
The remaining three paivs cf lines are responses to the stirulus tape
at three different temperatures, each madle at 10:00 p.m. on o Aif-
ferent night. Temperature was 20°C in figure 6B, 21°C in figure 6C,
and 22°C in figure 6D. 'The stimulus was presented from a small
speaker placed seven feet from the animali. Volume was adjustel to
give the same intensity measurel at the aninmal as the animal's call
gave measurel at the speaker. The response was taken from a micro-
phone placed as close to the animal as possible; this signal was
filtered and rlemodulates into pulseg which were fed to a2 pulse heipht
discriminating circuit, which in turn delivered a pulse to o recording

oo




‘ucTyeueTdxe TRUOTITRPE JI0J 1¥9% 2988 -asuodsal €T aUTT
paglop ‘suTnwils sjussaxdar sury AARSH U SNINUWTILS PARLODAT
® 03} SISUST[I3u® 'F Jo sasuodsaa uworjezruoayoufs durey g aIngrd

18] jo NUIW

46

OO



ratemeter each time a present threshold was exceezed. The stimlus
was pre-recorded on the chart, and playbaclk tape reccrder anl chart
gstarted synchronousiy. EBach test luasted one hour; only 3¢ minutec
of each is shown In gure 6, beginning 19 minutes into each test,

Some ramp synchronization is apparent in each of the three
regponses; the lagt two algo iilustrate an ablility to sustaln or
restart ramps in response to clinmlus ramps, which ol course were
net dlu any way reciprocally respunsgive., One degree of temperature
difference either way apparert’y affectei buth ramp synchronizztion
ability and absolute call rate., "he Tigure was evaluated by nessur-
ing the area under esch curve wilh o planimeter., Althcugh abszclute
calibration of the areas was not male, the mmber of calls in the
area of stimulus measured was :about l,TLL while the sreatest mamber
of calls (response, figure 6D) ahout 3.556. Table 3 breaks
down call percentages intoe overlappirg aml non-overlapping sectlions
of the curves; it can be seen that the percentage of stimulus calls
not watched by responses was reduced much meore effectively as
regsponse rate increasedl (rirst colwm) thar the incresse of response
calls not matched by stimulus calls (fourth column). BEven this break-
down does not give the complete picture of ramp synchronlzation, as
figure & shows that buildup of response outside the stimulus curve is
mostly synchronized with peak rates in the stimulus. Althoush it is
not apparent in the figure, there iz a strong subjeciive impression
that males of E. cogul and K. antillensis try {c¢ reach a ramp peal
Just as the interacting male Is subzidine from cne, and that this
effort 1s thwarted In respondinz to fape stimuii by unpredictability
of the stimulus, a tendency to over-react to small rate increuses
in the stimulus, and scme tywe of 1liridt to overall area under the
curve, apparently ccrrelated with temperature. DResponses were most
aprropriate on the right hanl third of figure O, where the stimulus
was most reguar in time., ZRespcense to a ceounter-responsive stimulus
is now being studies by development of an artificial call-producing
device under control of the invectigator.

A theory atfempting fo exzplain the complexity of behavicral
interaction in the species stwlied has been develoned and is continu-
ously being modified by additicnal evidence., Elements of the theory
have been presented where most apuropriate in the preceding Jescriptlons.
The evidence for acoustic lerriforiality in at ieast L. cogui, I,
antillensis and k, bhedricki is considereld conclusive at this point,
and cther species are nearing the sltage of addition to the list, Hu-
tritional requirements ¢f the males is a pcor explanation for genetic
maintenance of such behavior, in the iight of the fact that males are
lezs territorial than females while [feedine. Placement of the egzs in
the center of each acoustic territory, however, does make evolutionary
sense, because the eggs of other males cannct be placed within the
defended perimeter and conpetiticn with the young by other youns of




different genetic lineage and the same size can be minimizel. Evo-
lution appears to have favored the development of vocalization as a
wegpon for territorial defense., The evolution of vulnerability to

this weapen should also have been favored, since the best reproductive
rrognesis could be obtained by locating a new territory outside the
range of existing ones. This view represents acoustic warfare ag almost
an extreme ol the process called ritualization, or the substitution of
the physically harmless exchanges for dangercus ones, as Vulnerability
to vocal weapons is almost completely reproductive rather than physical.

The central role of daytime shelter cbserved in the life of K.
cogui agrees with the cbhservation that most dispersal involiving a_change
of’ shelter occurs during rainy weather, while breeding occurred on dry
nights as well. This, combined with the data on acoustic territoriality,
provides an alliernative expianation (to reproductive activity) for
increased vocal activity on rainy nights. IF most males seeking new
territory disperse at these times, advertisement of existing territories
would serve the joint functions of defense and the filiing of suitable
unoccupied areas. On dry nights, the early equilibrium indicated by
note synchronization of established males permits a truce which allows
foraging away from the calling stations, while in this species at least,
violations of the truce by resident but non-territory holding males are
suppressed by physical means. To round cut the theory with predictions
that can be tested experimentally, female movement to male's shelters
for ovoposition should cccur mainly in the early evening, while failures
of non-established males to achieve acceptance of their calling efforts
by the established males should be remembered through the day and inhibit
early calling the next evening,

Tzble 3. Planimeter integration of areas under call rate
curves in flgure 6, given as percentage of total.

Stimalus Curve Response Curve

Over- Not, Over- Bot over- Approx. as % of
No, lapped overlapped lapping lapping no. calls stim
control 55% L5 b3 57% 2,200 128
test 1 T2 28 50 50 2,470 14k
test 2 88 i 2 s 51 3,050 o
test 3 93 7 43 i 3,660 21k
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FPhage VIIT - Interzvpecific Terpitorizglity

Mentionel briefly above was the possibility that acoustic
territoriality moy extend ocross species lines, perhaps at reduced
Intensity. An Interestins possibility is that the measurement of
the intenszity of intevspecifi: interzction may provide an Independent
indication of the amount of cveriap in ecologicsal niche between the
young of wvarious species, which have been difficult to study by more
direst methodsz. ‘lThe existence of a well developed technology for the
anzlysls and production of accustic phenomenn makes it feasible to
try Lo manipulate male populations with sound and analyze the results.

Indirect evidence Tor the existence of interspecific acoustic
terrvitoriality comes from overlap or similarity between species in
certain call parameters. Thus, the high-pitched second notes of E.

T

cogul, E. portoricensis and B. antillensis, indiecated in the laat
section to convey agonigtic intormation, overlaw considerably in
Trequency, while the low-pitched Tirct notes 1o nct, The cceagion-
al calls of the last speciles are stlll higher In pitch, and unlike
the warning calls of the other two species, are interspersed freely
in the pettern of two-note calls. In frequency and structure they
approach tine oalls of E, britftoni, which i35 2 not too digtant rela-
tive occeupying the s e generzi habltat, The two-component calls
of E. eneidae and N, Iocustus involve changing note duration rather
than frequency and susgest that, in addition te potentisl exchange
of territorisl informaticn with cone znother, communication with
other species in adjacent microhabitate micht be involved. In use
of arboreal shelters, E. cogui averlaps with E. hedrickl an!i the
call of the lalter bears a noticeabie resemblance to the shelter-
defending, warning cail of the cogqui.

I
&

Dirvect evidence of interspecific accustic intersactiocn wns
obtained when the response of 2 nmule L. artillensis to tape stimuli
was tested. This male aclileve !l rump synchronization with taped,

filtered, first notes of L, cogui, but in at least three experiments,

responses ceased abhruptly a2 few minutes after the start of o taps
gtimulus of filtered cogqul seccond notes., Investigaticon showe:dl tThat
a neighboring male cogui was stopping the reasponses by butting the
smaller B, antillensis male. On one cecaglon the invading coqul
began czalling frem the site fovmerly occunled by the other male,
The displaced male remainel silent until the stirmulus tape was
finished, then began culling strongly fros about a Toot away on the
game bush. The two males called Trom these poslitions for about an
heour, and the entire exchange was recorded. The smaller male then
leaped straight at the larger, which retreated the 11 feet or so
into its own territory ani be;jan calling there. No further inter-
actions were nocted.




Analysis of this iInternction was simplified by filtering
the distinctive first nctes of the two species. It was immedintely
apparent that many calls of the L. antillensis were phase-locked to
the first notes of the cogul, ani actually occurred hetween the more
widely spaced cogui notes. Fisure 7 reconstructs = typical 55 cecond
sequence of the interaction. First notes were traced from the filtered
chart, s¢ their timing is accurately shown. Line A shows the cogui
calls, line B the E. antillensis calls and line C the 200 millisecond
delay on phase-locked calls. Line D was first thought to represent
& coqul phase-locked response, but since lag in note-synchronized
coquis has been found to alce approximate 200 milliseconds, the lags
in line D appear to illustrate a preperty of the E. antillensis
respense. This leaves nc evidence that the coqui was responding at
the ncte synchronization level, but the probablility that timine in
line B was due to chance is extremely low. Tote that if the logs
shown iIn iine D were plotte.) after exch e¢zll in line B, only those
calls in line A that fell near the eni of the lag period received
& phase - locked response, including the lasl call in line A, which
came after the speed-up ol the antillensls ramp hal inserted an
extra call, This pattern «f te was repeated with only nminor
variations throughout the nour of interaction.

This interaction suggests more than one hypothesis concerning
territoriality in these species. One is that the butting attack
made by the coqui were actually stimulatet by the taped cogui sounds,
and that the male B, antillensis was attackel as the only visivle
frog In the area. The implicution ls that the latter male was heing
tolerated at a distance at which 4 consvecific male would not be.

An alternative explanation is that the two males had reached equi-
librium as if they were conspecific, and the taped sound upset the
equilibrium. Althourh normal ramp structure and rates differ be-
tween the specles, they were nble to zchieve note synchronization
repeatedly by briagling the most olmllar rates into apposition,

This indicates thal ramplng itself, alresdy sugrested to be terri-
torial in function, also serves to vermit some interspecific synchro-
nization.

A small scale survey «f spacing anong males of these two
species indicates that some interspecific distances may be siichtly
shorter than Intraspecific minimum distances, but in general, average
distances between neighbors appear cimilar regardless of species,
The experiment is being enlarsed to include all males of these and
two other ramping species, E. portoricensis and B, brittoni in a
selected area of forest edge. Hales are being marked to identify
the established individuals and separate them from newcomers which
may or may not succeed in establishing territories, An effort Is
also being made to locate each mule's shelter, in order to monitor
reproductive guccess during the year, Radicactive tags attached to
the calling males in the evening are expected to grestly simplified
location of theilr shelters during the day.
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When a baseline of normal spacing and activity patterns has
been established in a mapped population, a number of experiments can
be done, Some invelve manipulation of the acoustic environment. It
should be possible to "jam” the territorial communication systems in
a limited area with competing scunds. Properties such as frequency
and timing of effective interfering sounds can tell us much about the
bandwidths and species separationg in these systems. Similarly, it
should be possible to create artificial territories with a loudspesker
playing either tape recorder calls, electronically synthesized
artificial calls, or calls transferred from another frog elsevhere.
I territorial mzintenance should require appropriate responses to
the real frogs, it 1s even possible with eguipment on hand to arrange
reciprocal intercom connections between physically distant frogs,
thereby having full control over intensitlies, Trequencies and other
transmission properties.

Spacing is also subject to experimental manipulation, as
demonstrated already in the tower populations of E. cogui and &,
hedricki. Here, the bamboo shelters veluntarily adopted by the
frogs have been successfully moved with the residents inside.
The possibilities for study of interspecific relationships in
this vertical gradient are being explored., It is pessible that
similar techniques can be developed for hclding seml-captive po-
pulations of the other species as well, and moving them about as
desired.

In summary, the composite populations, numbering up to nine
cr ten specles where different habitats meet, provide one of the
most challenging ecological. behavioral and evoluticnary problems
in the rain focrest ecosystem. The characteristics of the animals
make them ideal for fiel: study. Both in their ecosystem roles
and in their potentia®l Tor illustrating basic ecological principles,
they appear te hold a fundamentsal positicn in Puerto Rico.
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Appendizx I. A iley to the Calls of Commen Puerto Rican Frogs

Regular call consisting »T 2 notes, the second higher-
pitched than the first; extra syilables added near begin-
ning and eni of activity cyele, ani two frogs sometires
synchronize closely, one omitting secomnd note; zll have

41
0

occasional calls of § to 10 shorter, usually higher-pitched

n

NOtes .. e e N EI I . IR TTNTNTYTY
Call seldem composed of 2 notes, il sc they are same
PHBEM v wpmmem s v s a g ¢ TR A 2 B H BEEE D E ¥ e e rmeenn o o w e mimmpeger n s w w e L

Ho pause between nctes; noticable conscuant scunds at
start and end of notes (burdilck"); ocensicnal culls in-
terspersed among regular culls; iesprewd, habltat weedy
Oor shrubby areas receivins sun in daytire; call rate
accelerating to 2.5 catls per second or higher .......
ceeevasse Bleutherodsctylus antillensis {Rheinhart and Leutken)
Noticable pause between notes; nc consonant scund alter note;
occasional calls most cormon at dawn and dusk, not inter-
spersed with regular calls; habitat shaly in laytime ....... 2

Accent usually on Tirst note; prone to repeat first note

and/cr drop secend; call higher-pitched ané shorter than

next species {plsintive "biriie™); habitat restricted to
montane forest; call acceierating to 2 calls per second;
individuzals eall synehronously so all silent at once ... ... .

s e m meeein w s e e e e e v R B R B 6 A .+ &, portoricensis Schmidt
Accent usually on seccn? uste; prone to repent both first

and second notes; notes well spaced ("cu-qui’™); widespread

in forest and shady areas thrcushout island, coften in or

on human dwellings; esll rate accelerating to 1 call per

secend or s silences nol synchronlzes: .... ... L. coqul Thomas

Call introiucticn a single, olear, hich-pliched whistle,
usually, but not always, Mllowea by sharp clicks or a buzz. 5
Call not starting with an Izolated WHIclLle e oe o nsnn.. T

Call, unless interrupted, a whistle followed by more than

four clicks or = DuZz; muntane 80€Cies ...veiereecvnneeenes. 6
Call a clear whistle, eur.y in the evening citen followed

by 1 to 4 clicks, which are left off later; chorus sounds

like a rusty swing; habltat lawns, mesicws and marchland

at low elevations ...vueeiiinnenrnnrenen. ... &. cochranze (rant
Clicks of call well separated, -8 per second ("pic-pic-picl);
call less than = gec, loms; often calls hefore twilight and
after dawn; habitat forest edge =nd fern growth at middle
elevations an? common everywhere st hipn elevaticns ........
Tttt iai s ciasauaessenssasass B, locustus Schmidt
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10

107

11

12

15

Clicks more rapid, approaching a buzz, 10-15 per second;
call lasting more than 2 sec.; most active From 10 p.m.
to dawn; habitat forest, most common on earth banks and
MOSSY BOULAETS vuveinniiniinnnnensnnrennnner, B eneidae Rivero

Call composed of 3 to 10 high-pitched whistles; several
individuals often call simultaneously; first 1 or 2 notes

lower in pitch and Qifficult to hear; lives in forest

litter layer but sometimes eclimbs to call; a small

SPECLES tiiiievinnrinnea... terevianeses.. B, wightmanae Schmidt
Notes hard to describe as whistles and all same frequency... 8

Same note repeated rapidly and monotoncusly for indefinite
periods of time ("quick-gquick-quick); characterized by some
as sounding under water; stopping abruptly or giving
explosive, trilled note ('Brrr") when startled or approached
by another frog; calls from concealment in muddy or marshy

BIEES v rveruonneeneranennns Leptodactylus aibilabris (Guenther)
Call pattern not indefinitely regular or otherwise not as
FHOVE i s s o 28 5 8 SN« . 4 T T

Individual calls lasting for more than L seconds; low-

pitched melodius notes repeated so fast they blend intc

a tremolc {or trill) not easily distinguished from common

call of Puerto Rican screech owl; given near edge of

standing or slow-moving water ............ Bufo marinus (Linne)
Call duration less than ! seconds .......... e I

Regular call a single note, harsh and given at long,
irregular intervals ("tick"}; in cool weather calling more
often and sometimes giving double or multisyllable note;
habitat forest floor, sometimes under stones outside forest

SAEmE" .+ wnsemeis 5 6 G Tretercrsaetereneesea.s B orichmondi Ste jneger
Call more than one note =nd/or repeated fregquently ...... o 11

Sound of call like winding a watch held against the ear or
running fingernail along teeth of a stiff comp; restricted

to very high elevations; calls from burrows in earth s
R R I T R e E. unicolor Stejneger
Kot as above ...,........ T Y 'Thri» ve. 12

Calls high-pitched chirps or squeaks with six or fewer

notes per call; very smzll i 4o T ¢~ R wewE sy sy 13
Calls lower-pitched, usually six or more identical
notes per call ...... EEE semasotns o 0 % o WO 8§ S § SIS § 5§ . 1k

Notes well spaced, very high-pitched squeaks, first call

in a2 sequence usually one note, subsequent calls often

adding notes to & maximum of L or 5; & mentane, arboreal
specles that usually calls from 6 ft. to treetop level .....
R I T XTI +. E. gryllus Schmidt




13!

1k

1h!

15

15"

Notes rapid in clear, trilled chirps; sequences often begin
with 2 note chivrps and build up to 5 or 6; a widespread

meadow and roadside gpecies seldom cailing more than € feet
above the sround swiae s s s snam cvearessss B, britfoni Schmidt
Notes harsh and penetrating, usually given in the vicinity

of fast water or waterfalls in mountain sftreams .............

Ve e mSemE RS E B R B AURMRSRNE X ¥ § N s s v v g« peense e RERLSchmdd bl Grant
Notes clear tones. If call does not fit one of next two
species check cceasional calls in ceouplets 1 and 8 and

suspect bird or insect scunds ..... i SRR ¢ CFE G REEEE Y & 888 s e 15

Belli-like "ping-ping-ping'-given from treeholes in
montane forest; often attributed to birds when heard in
daytime ...... Sk T E Y § b SRR § 8§ R ¥ E. hedricki Riverc

Lower pitched {"ecu-cu-cu®) emanating from boulder piles

and grottos in the southeastern Panduras Mountain Range;

calls attributed to spirits by the local inhabitants ........
S8 RN L N WS IR N B E MR € o 4 £ 6 ROOEE E ¥ 8 5 8w Dw EOOKL Gremt

o7
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107

11
11

12
127

13
13"

Synoptic Key to Calls

two-notes calls
otherwise

"burdick", oce. calls mixed in, sunny habitat

occ, calls not mixed in, shady habitat

"birdie", silences synchronized, 2
maximum

"co-qui", silences not synchronized, 1 call/
sec. maxirnum

calls/sec

Call start an isclated whistle, usually
followed by clicks
otherwise

more than &% clicks, montane
L to no clicks, lowland

clicks slow, less than 1.5 sec., long,
crepuscular
clicks fast, longer than 2 cec, graveyard shift

3-10 high whistles, first low, calls
synchroni zed
otherwise

"guick -gquick-quick"”- monotonous, indefinite,
alarm call "brrr”
otherwise

call longer than L sec., tremole, near water
shorter than 4 sec.

single "tick",
otherwise

long irregular interwval

£ -

sound like winding watch, high elevation
otherwise

chirps or squeeks, tiny frogs
otherwise, usually & or more notes/call

separate sguesks, montane, arboresl
trilled chirps, widespread, meadow species

2
L

E. antillensis

3

E. portericensis

6

&, cochranae

&, locustus
E. eneidae

E. wightmanae
8

L. albilabris
&

B. marinus
10

E. richmondi
1L

E. unicolor
12

13
1L

E. grylius
E. brittoni




notes harsh, lives near mountain streams E. karlschmidti
notes not harsh 15
"ping-ping-ping-, treehcles, montane forest B, hedricki

"cu-cu-cuf,boulder grottos, scutheastern
mountains E. cooki

29




Appendix II Field Identification Guide to
Puerto Rican Eleutherodactyius

Use list A as a cross lndexed key, taking characteristics

in order and following instructions.
are presented in list B.
species in list C.

followed by an asterisk.

Additional characteristics
Underlined numbers in list A refer to

List C indexes characteristics from list A
and B that help confirm an identification, the most valusble are

Dead specimens can be identified but

require more cross checking after colors fade (skip over item 35

5b, Sc and Se).

List A
No. Look at it Go to  Cross check
1. Hind toes a. webbed la
b. nct webbed 2
2. Dark later- &. from nostril to vent,
ral stripe upper border light,
dots below Za
b. from nostril over
shoulder, well past
front legs T Ta,
¢, absent or short 3
3. Iris color a. brick red, at least
above 3a ba, loa
b. pearly white above,
darker below 3b 6a, 114
¢. golden g 50, &b
4. yellow above, reddish
below 6 2a, Ta, &b
e. gray, strongly marbled 9 9c, 10a
f. gray or other dark color,
marbled weakly or not
at all L 10b
L. Nostril &, near tip of snout 5
position b. halfwey from tip of
snout to eye b
5. Underside a, as dark as back or
of abdomen nearly so 5d Yb, 10a
b. green, or blue green Sb S5e¢, 6b
c. yellow, usually yel-
lower than throat S5c 6e
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List A (cont.)
No. Look at i Go to Cross check
5. (cont.) d., with irregular white
natches Se I, 10a
e, skin transiucent, =
pair ol white lines
show throuzh G 5b, 94, 10b
£. skin wpague, color
lvory, silver, gray
o brown £
6. Canthus &, Tairly struight and
rostralis prominent 64 3a, 3b, 4b
(bone ridge L., curving ani wesk 9 Sh
from nostril 2. Infermeniate, hard to
to eye) determine 8 Ba; Te
d. witlh = ihin white line
on ‘iorsel edge Ce 3a, 3b
e. with = dark laferal
foce 3a, 3b
T. Top of snout =z. aimost a3z widle as Jaw Ta b, 324
(viewel from b. much narrower than jaw 8
above)
8. Dorsal color- a. highly uniform, 13a
ation (head and 16 usually true 8a
and back) b. a patitern or mottled
coloration present &b 3 9
9. Distance be- a. less then /- eye-
tween eyes ball diamezer 10
b. more than 3/4% eye-
ball aimreter Jo 1ib
¢. less thon twice largest
toe pad width Se 3e, 94, 5b
d. more than twice largest
tee pad width 9d 55
e, more Than nostril-eye
dietance 4 e, 1list B
. lesz thsan nostril-eye
distance 1 list B
10, Bilver spots a, numerous, several on
on underside edge of lower 1ip 10a 3e, 5d
b, scattered, few or
none on edge oi lower
lip 10b 3f, 5Se




List B

No., Look for If Cross check
1l. Melanophores cn un- a, much less dense than
derside of abdomen on throat 5e¢, 1ib
(dark pigment cells, b. almost absent b, Sc
use magnification if ¢. present between iri-
available, most use- dophores (silver) &b, 10b
ful for young frogs) d. absent between many
iridcphores 3b, Sc
e. absent in large patches 3b, 10a
12. Inside surfaces of a, dark with light spots 34,
hind legs (hidden b. sclid red or brown 3b, &b
when leg folded)
13, Width of largest a. more than 3/k Ba
toe pads as a b. more than 1/2 la, ©&a, 8b, 94
fracticn of distance c¢. less than 1/2 2a, Lb, Se
between nostrils
1Lk, ILight hourglass a. when young 3b, &b
pattern on back b. throughout life 5b, 94,10b
15. Dark W-shaped mark &. when young 3b, &b
on back cof head k. throughout life 9c, 10a
16. Eyesinside jaw line
in dorsal view {looking down on head) 8a
17. Iridophores (silver pigment
spots)absent Trom underside Sb
18. Median or paired white lines down
back ani/or hind legs (see list C)
19. Adults usually less than one inch long (see list )
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FEEDING BEHAVICR CF THE FROGS AND LIZARDS IN THE TROPICAL
WET FORESST - PEELIMINARY REPORT

Rebert J. Lavigne and Gecrge Drewry

The following 1s the preliminary report on the analysis of
the contents of the digestive systems of frogs and lizards in the
tropical wet forest in the vicinity of the El Verde Field Station.
This report covers the pericd Cectcber 8, 1969 to February 15, 1970
during which time 140 stomachs were dissected representing nine
specieg of frogs and three species of lizards. Eight of the species
of frogs belong to the genus Eieuthercdactylus which predominates
in the frog fauna of Puerto Rico. ESince many of these species
apparently compete with each colther on several btehavicral levels,
it is of great interest to learn how they divide the available food
and if their Tood preferences reflect their chserved behavior in
the field.

Frocedure

Because lizards are known to be active diurnsily and frogs,
nocturnally, the basic assumption was made that this was the time
period during which they fed and captures were made accordingly.
Both frogs and lizards were identified In the Tield us many dis-
tinctive color patterns sre lost when the organisms are preserved.
Time of day and height of reptile when captured were recorded, In
the case of frogs it was also noted whether or not the frog was
calling.

While in many cases the efTect of digestive enzymes in the
posterior half of the digestive tracts precluded identification of
the remains of devoured organisms below the family level, the
remains in the stcormach were usually identifiable to species due to
the method of preservation used. The procedure was to pith the
frogs and lizards in the field and then immediztely inject Turtox
Insect Preservative into the peritoneal cavity. This caused the
ceggation of digestive enzyme actvity, thus increasing the chances
of Identifying the insect remains. The animals were then trans-
ferred to the laboratory where they were tagged and immersed in a
Jar of Turtox Insect Preservative,.

Insect identifications were based on comparison with available
material in & collection maintained on the site. Because of the
poor state of taxcnomy of some tropical insect groups, it is often
easler to obtain fileld information concerning the habits of certain
insects than it 1s to attach a scientific name to the species.

ol




Consequently, many of the species in the collection, with distinct
cets of characteristics, have been assigned letter designations
until such time as scientific names become available. These letter
deslignations, therefore, are used occaslicnally in tables and text.

Focd Consumption Related to Taxonomic Category
of Predator and Prey

Categorization of prey intc taxonomic groups has been used
in several recent food studies of tropical frogs {Heatwole, 1563}
and of troplcal and temperate lizards to provide ecological niche
separation Tor sympatric specles or to indicate resource partition-
ing by allopatric species {see references). Milsted (1957) sug-
gested that it was sufficient in lizard studies to separate food
items tc the ordinal level and in subsequent studies insect determi-
nations were carried toc the ordinal and in scome cases family level.
Where this was inadequaote tc separate lizard species, prey volume
was Introduced as an additiocnal wvarisble. Although habitat special-
lzation was indicated by these techniques we believe wvaluable
Information wa2s missed through insufficient nomenclatural separation.
Additionally, this approach does not provide information on the
habite of the prey species. We feel that the most effective under-
standing of niche specialization will come by measuring with both
entomological and herpetcioglical criteria.

In order to provide compariscn of cur data with that obtained
by various herpetologists we have initially delineated the prey at
the class or ordinal level. This information is presented in Table
1 which is arresnged according tc species snd sex of adult frogs.
Because preszent sample sizes differ according to species, the table
provides the average number of each prey category per individual
frog. The data indicate that, in general, the first four species
consume & greater number of non-insect organisms, Interestingly
encugh thesc four species plus E. eneidae and Leptodactylus albilabris
make up the "forest complex", whereas the rest of the species belong
more properly to the open area and forest edge fsuna. While this
information 1s interesting, it can not be used to delineate any
specificity of niche feeding by predators. It dces not tell us
whether the insects in the corder Hymenoptera were bees and wasps or
ants and, 1f the latter, whether they were arboreal ants or those
confined to the litter. OSimilar data is presented for juvenile
frogs in Table 2 and for lizards in Table 3., Dala are not yet suf-
ficliently complete to allow conclusions toc be drawn.

Because of the way in which frogs feed, i.e. taking up a
foraging site and awaiting the arrival of prey, it follows that
organisms which aggregate in one spot, such as ants and termites,
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will be consumed in considerably larger nurbers than non-aggregating
ingects. On this basis ve are ipclined to give different weights to
theze two groups when interpreting our data., Lizards, while actively
seexing prey exhibit a similar pattern of behavior. A single obser-
vation of a female Anolis stratulus digezing up ants from a nest and an
additional observation of selective feeding on worker termites to the
exclusion of zolilers by A, gundlochi suggest that these insects will
have to be welghted when interpreting lizari data as well. 'This is
another ares wherve nomenclatural categorization to the ordinal level
will not provide us with sutTicient information tc make correct
agzumptions,

Toou Consumption Helated to Habitat

One geal of this stwiy to assign ecoleogical niches to the
varicus specles encuuntere:d, both predator and prey and predator
stomach analysis provides us with a gzood toor, Toward that end a
systerm of correlaticn has beer adopted which works as s circular but
open train of associations. Tnitially, field cobservations provided
us with varying smounts of evidence on habltat restriction by certain
species, and such evidence continues to accmlate. Apparent absence
of any species Trom o habitat, such zs forest edase or forest, a
microhabitat such as the surface of leaves, trunks, ti litter Layer,
etc., or a temporal period such as dsy cr night, when the same species
is present elsewhere, is ncteld. ‘The presence of an organism is also
noted but 1s rsiven scmewvhnt less weight than its absence in a particular
envirormment. Ior example, Tield observations lndicate what orey specles
shouid not be available in 4 giver niche as well as where frogs are
presumabiy feellinaz. IT then, ag in the case of B, portoricensis which
were collecteld ovn the vegetation, ingects known to be confined to the
litter, are twund in the female stomachs, Il indicates foragine be-
havior was not completely observel. Good ohzervations receive al-
ditional testing in the field ani 4 nucleus of species "religble”
with respect to certain ecolegical behavior patterns is built up.
Organisms associated with "rellable" species in the stomachs of the
predator with high guantitative correlation can ihen he assigned to
the same habitats an? subsequently these hsbitats are checked for
their presence. This continual crose-checking steers the Investigation
toward the wesx links in the chain.

Table L and Figure 1 together illustrate a stage in the sepa-
ration of arboreal and litter species both within and near the forest
edge. Candidates for the list of prey indicators (Table 4), based on
direct observation, were screened with respect to the feeding behavior
of . cogui, which had been chserved to feed hich in the vegetation,
and E. wightmanse, which had not. Several candidates not listed
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were tentatively discaried. In comparing this list with that of
brey items taken by L. zntillensis and E. locustus, we discovered
even sharper preferences for the same prey categories in these
forest edge species. Thus signiiicant cccurrence of a prey species
in E. cogui and E. antlilensis combined with relative absence in E.
wightmanae and E, locustus indicate that the prey is arboreal and
vice versa. The cccurrence of the same prey in E. portoricensis
alone would tell us Iitile about vertical aistribution of prey
because feeding occurs in both niches. The list of reliable prey
specles suggests that L, portoricensis females 4o a significant
amount of feelding in the 1itt er, even thouszh most of the individuals
collected have been talen from the vegetaticn.

Figure L contains a great deal of information, and requires
acditional erplanation. The zim is to present profiles of predator
feeding behavior in which biases lue to uneven or still inadegquate
gample size are minimized. Instead of constructineg conventional
bar graph prcfiles in which the two ﬁategorleg of inilcator species
from ''able 4 are presented side by side ov ns welges of cireles, the
two profiles point towsrd each cother., The clear ares between opposing
bars indicates the propcerilon of prey whouse vertical distributicn ie
elther unknown or compilcatel by crientation aiong other gradients.
Width of bars is a rough indicator of the prey sample size, Also,
it 1s probable that cellecticn toward a zonl of equal prey samples
will provide nmore informative profiles than wouls: the goal of equal
reprecentaticn by ex h predator species. This techniques requires,
of course, thﬁu a Jdifferent sraph be ccnstructed for each ecologicsl
distinction vade. Reversing positions of predaters and prey would
provide profiles of prey behzvior.

Table 4. Catescrles of prey rezarded as iniicators of habitat types

Aabitat A lLitter Comple:

1. Acarina T. woot cocelids

2. Mollusca 4. Forcipomyia larvae

3. Izopoda 9. Scolytidae F

., Diploda 10, Strumigenys rogeri

5. Cheloneth da, 11, Strumigenys gundlachi
6. Collembolla 12, Xestocephalus maculsatus
Habitat B Vegetation Corplex

1. Tipulidae T. Ugyops occidentalis

2. Lepidopterous larvas 8. Cyrtoxiphia gundlachi
3. Lampyridae (winged) 9. Abelona sp.

4. Dolichopoiidag 10, Anauiocomera sp.

5. Iridomyrmex melleus 11. Wasnammia surcpunctata
6. Myrmelachista ramulorum 12,  Ajult TFulgoridae
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will be consumed in considerably larger numbers than non-aggregating
insects. On this bacls we are inclined to give different weights to
these two groups when interpretins our data. Lizards, while actively
seexing prey exhibit a similar pattern of behavior, A single obser-
vation of o female Anolis siratulus digging up ants Trom a nest and an
additional observation of seleclive feeding cn worker termites to the
exclusion of scliders by A. gundlachi sugsest that these insects will
have to be weighted when interpreting lizard data as well., This is
another area where nomenclatural categorization to the ordinal level
will not provide us with suilficient information to make correct
assumptions.

Foor Consimption Related o Hebitat

One geul of this stuldy is to assign ecological niches to the
various species encountered, noth predator and prey and predatcr
stomach analysis providez us with o good tuol. Toward that end a
system of correlatlon has been adopted which works as = circular but
open train of associations, Initially, field chbservations providerd
us with varying amounts c? evidence on habitat restriction by certain
species, and such evidence coniinues to accumulate. Apparent absence
of any species Ircw a habitat, cuch az forest edse or forest, =
microhabitat such as the surface of leaves, trunks, ti litter layer,
ete,, or a teupcral period such as day or nisht, when the same gpecies
1s present elcewhere, is ncted. The presence of an orzanism is also
noted but is siven somevhalt lesz weight than its absence in = particular
environnent., For example, field obgervations indicate what prey species
should not be avallable in 4 given niche as well as where frogs are
presumably feelingz, [f then, as in the case of L. portoricensis which
were collected on the vegetaiicn, Insects known to be confined to the

L
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litter, are found in the female stomachs, it Indicates foraging be-
havior was not completely observel. Cood observations receive ad-
ditional testing in the field and a nucleus of species "reliable”

with respect in certain ecolosizal behavior patterns is built uw.
Organisms associated with "reliable" species in the stomachs of the
predator with high quantitative correlatlon can then Le assigned to

the ssme habitate and subsequently these habitats are checked for

their presence. This contimusl cross-checking steers the investigation
toward the wesx iinks in the chaimn.

Table ! and Figure . together illustrate s stage in the sepa-
ration of arboreal and litter species both within and near the forest
edge. Candidates for the list of prey indicators (Table 4), based on
direct observation, were screened with respect to the feeding behavior
of L. cogul, which had been cbserved to feed high in the vegetation,
and E. wightmanze, which hadl not. Several candidates not listed
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were tentatively discarded. In comparing this list with that of
prey items taken by E. antillensis and E. locustus, we discovered
even sharper preferences jor the same prey calegories in these
forest edge szpecies., Thus significant occurrence of a prey species
in E. cogul and . antillensis combined with relative absence in E.
wightmanae and b. leocustus indiicate that the prey is arboreal and
vice versa., The occurrence of the same prey in LK. portoricensis
alone would tell ug little about vertical distribution of prey
becauege feeding ceours in boeth niches. The list of reliable prey
specles sugpests that E. portoricensis Temsles do a significant
amount of feeling in the litter, even though most of the individuals
coliected have been taken from the vesetation.

—
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Figure 1 contains a great deal of information, and requires
additional explanation. The 2im is to present profiles of predator
feeding behavior In which biases iue to uneven or still inadeguate
gsanple size are minbmized., Instead of constrvcting conventional
bar graph protfiles in which the two categories of indicator species
from Table & are presented slde by side or az wedzes of circles, the
two profiles pcint toward each other. The clear area between opposing
bars indicates the proportion of prey whose vertieal distribution is
either unknown or complicated by crientation along other gradients,
Width of barz ic =z rough indicater of the prey sample size. Also,
it is probable that ccllecticn toward a conl of equal prey samples
will prcovide more informative profiles than would the goal of equal
representation by ench predatur gpecles, This techniques requires,
of course, that a different craph be constructed for each ecological
dlstinction nade. Revercing positions of predaters and prey would
provide profiles of prey behavior.

Table 4. Categories of prey resarded as inlicatcrs of habitat types
g & ¥ P

daubltat A Litter Complex

1. Acarina T. root cocelds

2. lMollusca C. Foreipomyia larvae

3. TIscpoda 9. bScolytidae F

b, Diploda 10, Strumigenys rogeri

5. Chelonethida 13, Strumigenys sundlachi
6. Collerbolis 12, ZXYestocephslus maculatus
Habitat B Vegetation Complex

1. Tipuiidae T. Ugyops cceceddentalis

2. ILepidopterous larvae 8. Cyrtoxiphia gundlachi
3. Lampyridae (winged) 9. Abelona sp.

L. Dolichepodidae 10. Anaulocomers sp.

2. Iridomyrmex meileus 11. Wasmonnia surcpunctata
. Myrmelachista ramulorum 12, Adult Fulgoridae
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figure 1. Profiles of predator feeding behavior.
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Collection Times

During the early phases of this study lizards were collected
during midafterncon, at which fime their stomachs were full. Later
collections, not as yet classified, have inveclved other times of day
and night. Except for those species that sleep high in the trees,
the Anclis are easily collected at night. Althcough 2 speciles are
often active near the station lights all anoles observed at night
awvay from the station have been ingctive.

Initial frog samples were taken between the hours of 2100 and
0100, The following trends were noted: {1) Stomachs of most
female frogs tended to fill earlier than those of males (2) E.
wightmanae males were the only ones with full stomachs when collected
while calling, the remainder of males tended to have partly empty
stomachs during the period of calling, whether or not they were cal-
ling when collected (3) Juveniles, which seemed tc become more
available for capture after 10 p.m,, had full stomachs when collected,
except for a single E. cogqui taken with half empty stomach at 11 p.m.

Perch Height when Collected

At this time we lack sufficient data to establish whether or
not male frogs Torage at the same sites and times that they call.
Again, within range of the field station lights, E. cogui males have
been observed to do so, but this may not be typleal. Individusls of
both sexes of E. cogui tend to establish territories within the areas
of high insect density near lights, and these terriftories persist for
long pericds of time even though lights are left off. There is little
reason to believe that female froggs are not foraging at the sites
where they are collected, but there is reason to believe a collection
blas exists toward finding animals above the ground, particularly near
eye level cf the collector.
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TiHE ECOLOTY OF AMYS OF JQUILLO FOREST IN THE VICIIITY
O K1, VERDE FIELD &7 REL IMINARY REPORT

Ecbert J. Taviane

Rico deals with the more conoon ecies found near the ccast and on
cofTee plantationz. ‘Wheeler {1908) ratherel some ecclougical data
as well as describling several new species qduring his meonth's stay
on the island., An allitiona: species was Jdescribed by Mann (L1920}
and more was alded Lo our taxonomic knowleldge by Wheeler (193h).
Additional ecclogical information on the known species of antes was
presented by Smith (1936) whn spent = year in the western half of
the island. ‘e unfortunately il not have the cppertunity to col-
lect in Luquille forest. In hig two volume work on ferest insecte,
Martorell (1954) only denmlt vith two species, ie. Camponotus ustus
and Myrmelachista rawulorum, wWoizott {16L8) swwarized available
informaticn on the habiits of Puerto Ricuan ants, ermphasizing their
importance in the liets of Ancliis lizaris, pulichellus, cristatellus,
krugll and stratulus.

Since the comupilel data show that antz may constlitute more
than a third of the liet of meny species of frogs and lizards; at
least on a nurerical basis, ana gince many Aant species are invelved
_), it woulid seem To be of interest to compile ecological

icn which micht answetr some important questicns. A primary
question is why certszin cpeciesz of ants appear only in the dlgestive
tracts of particular species of fro and lizaris. HKagually inter-
esting is why many =nt species appear in the stomachs of frcgs which
are most active at nisght whereas ants are generally congidered to
have Adiurnal hroite,

{Table
ini'ommat

Prior to the present stwly the list of ants collected near
the El Verde Tield station incluled 22 species as identified by W.
L. Brown of Cornell ilriveraity (zee insect checklist, Rain Forest
Project Annual Leport , 1967. p. O7). An aiditional & species have
been encounterel lurlng the past yvear; all have been identifies to
genus and mozt to spscies. A key to the species distinguished is
ineluded as Appendix I. This key d1ifferz from Smith's (1936) key
in that character:s of the sntennae and mandibular lentiticn hoave
been emphasizel to ald In identification of lsolated heads as usual-
ly found in the stomachs of ant rrelators. Cole names using the
abbrevation "Form” Tor Formicidae and letters of the alphabet relate
all specieg to previous diversity studies and field notes of Ceorge
Drewry, resilert dlirector of the Il Verde Fleld Btation.

Tbhegervations of ant activity have been made in the fleld
whenever time permitted. WNotstion was made as to time of day or
night when ants were active s well as the type of activity in
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which they were engaged. Mention has been made in another report

of the attraction of scome species to fallen frulits of forest trees
(Table 1, ».87). These observations along with other have indi-

cated that the following species are active diurnally: Form 2,

Form EE (Paratrechina sp.), Cyphoryrmex rimosus, Pheidole moerens,
Form HH {Pheiiole sp.), Form °0 (Golenopsis sp.), Form JJ (Solencpsis
artecs palli&ai, Myrmelachista ramulorum and Mycocepurus smithi.

The workers of Iridomyrmex melleus and Brachymyrmex heeri are active
both diurnally and nocturnally, often being taken on the same tree.
They have been capturel crawiing cn the vecetation as late as 1l PM.
Form CC {Paratrechina sp.) workers have only been observed toc be

active at night cawling on tree trunks. While workers of OCdontomachus
bauri can be collested singly from within the litter cr under bark of
trees during the iay, they have only been observed on rocks after dark.
The winged reproluctives of this species Fly at night, coming to lights,

Of equal irterest is the knowlelge as to where these ants
establish their coiorles., A Iridomyrmex melileus colony was located
under the bhavk of & iivins manzanilla tree, Saplum laurccerasus, at
a height of four feet while uncther was found within a dead branch
of an unidentifiei tree. A Form CC colony was Jiscovered living in
a large hole in the trunk of = living Roystcnea boringuefia tree at
a height of about four Teet. Colonies of Phellole moerens and
Trachymesopus stigms have been found under rocks In the forest traills.

Apparently the high incidence cof rain in a tropical wet forest
discourages some species from nesting in the soil and artifacts of the
decaying forest are utilized instead by the ants. The empily seed coals
of Dacryodes excelsa, Euterpe globosiz and £loanea berteriana, serve as
nest sites as well as the inuivilual pith chambers of lecayed Cecropia
peltata limbs. The ants specles zble to use these artifacts, because
of their small colony size, are Form JJ {Solenopsis azteca pallida).
Form GG (Solenopais sp.), Ctrumigenys rogeri, PForm EE (Paratrechina
sp.) and Form Z. Data on size of colonies and colony site are
presented 1n Table 1.

When more information has been accumulated on the activities
of Torest ants, it will be possible to plur the data into the general
focd web and hopefully answer the guestions posed.
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Appendix I

ulllo Bxperimental Forest by
. 5. Frown, Cornell University,
Entemolegy Laboratory, USDA

Key to Formi-iiae (worker
Robert . Lavigre [ldenti:
fthaeca, N.Y; Duvid K. Cmith,

sl Robert J. Lavigne, Universily of

i} Fandibles linewtr, idnsericl olose together at middle of oral
border und extenii < b well beyend border of head (..., 2
L' HMandibles broa:dly foealiy, arising from corners
of head nd whern 7 ‘ g beyond anferior
DT @Y 0T MIEAT 4 ettt et e e ettt e e e . 6

2 Abdomina’ vpedicel consiz of 5 single secale; antennae 12
i L T T Y . T T RNTYTTYERERTYTYTYTYTTSESYST

2" Abdominn. pe-iicel : e LU\ sermente; antennae 6
i =s0d = SN T T TIITID I s o

3 Heel of zcale eionmzied into 2 single sharp point dorsally;
mandibies with 7 large biunt teeth apically Tollowed by row
iy teetn: arre b T ength & nm (Form E) .....
T T vev.. ODiontomachus haematodus (L.)
Yegl : Liturcnte; maniibles with
teeth, & 5 tecth; brown species;
TEREEE a5 0 (Bos TR sessameaesaesssoum Anochetus mayri Emery

Lal

4 ITuner hoivier of wing teeth other than apical
palr but besring o series ol minute Jdenticlez; brown species;
Jemetin T ume WO 0 e s u s s e v 6 6 8 5 4 Strunicenys egrersi FEmery

P

L' Inner borier of mandibles wiih 2 or more teeth in addition to

STEE] PEYE secuomemmog iy s e T

5 Inner bormder of munnlbilies with O larse teeih in adidition to
apiecal paly; oiwnese spestes, _encth 2 omm (Fc?m T) womrws 6 8 4 8 5 &5
....................................... Ctrumigenys rogeri Fmery
Inner borier of itk row oof gmall teeth; dark brown
species; lens ") o... Strumigenys gunilachi {Roger)

6 Frontal ocorinuse expanle:l laterclly concealing antennal
insertion; antennae 11 sesmentedl; mandibles with 5 feeth;
orange species: lencth 2w, (Form G)erirrrnnerecnnaaianann,
.............................. Cyphomy rmex rimosus (Spinola)
& FrontLL gopinge Aot e s SN SR

T Abdominal pedicel consizting of one expanded scale or scale
1s vestigal or absent ... vniirennerann W E S TS E B B S . 8 wu B
T' Abdominal pedicel conasicz of two distinet segments ....... . 23

-
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10

10!

11

11!

12

12

13

i3’

14

1kt

Scale of pedicel vestigal or absent A
Scale of pedicel distinctly separated from gaster
resulting in a semivertical %to vertical scale ......... same LY

Compound eyes absent; mandibles with 6 teeth on inner

border 4 of which mesh with the 5 teeth on the apical

border of clypeus; antennae 11 cegmented; orange species;
length 2.3 mm (Form JJ) vuvrevnrrennnsnnnnn.. Ambliypone sp.
Compound eyes present, antennae 12 segmented; mandibles

with b teeth apically followed by row of minute teeth,

3rd tooth smaller than other three P 1 &

Antennal scape not reaching posterior border of head; yel-

iow species; length 1.5 mm (Form Q) Tapinoma littorale Wheeler
Antennal scape reaching beyond posterior border of head; head
and thorax dark brown, legs and gaster pale yellow; length
2mm (Form LL) vuvvunernnnnnnn. Tapinoma melanccephalum (Fab.)

Abdominal pedicel segment, when viewed laterally, is
vertically erect and as high as dorsum of prothorax; antennae
12 degmented .....iieererencnncnesenn. T Iy B 2
Abdominal pedicel segment when viewed laterally, inclined

and less than height of dorsum of prothorax; antennae

variable ...... s 8 3 W 8 W R Ve E s EBGA Srnscosim: o a v e n wiesatne w6 @ § 15

Compound eye of normal proportions, 26-30 facets; head

and body bare dorsally except for scattered setae; mandibles
with 6 teeth of approximate equal size; brownish yellow
species; polymerphic; length of smallest worker, 3.3 mm,

that of largest worker, 6.1 mm; (Form C) ..... v ersCesesE S E
............ Sreesreatreeicananeans-easas Camponotus ustus Forel
Compound eye minute, composed of 10-12 facets ........... .- 13

Mandibles with six large teeth of approx. egual size; each
middle and hind tibiae with two spurs; dark brown species:
length 2.1 to 3.5 mn (Form 1) ... Trachymesopus stigma (Fab.)
Mandibles with 3 large teeth, a small Lth and large 5th;

all teeth much smaller than those of Trachymesopus; werkers
less than 2 mm in length T Y

Antennal pedicel black and almost reaching posterior border
of head; additiconal antennal segments, all tibia and tarsi
brownish orange; dark brown to black species; length 2.6 mm
..... rtssesicesaiioa..... Hypoponera trigona opacior (Forel)
Antenna brownish orange throuwghoutl, pedicel misses

reaching posterior border of head by approximately one-sixth
of its length; brownish crange species; length 2,0 mm .....
A % BhdBb e o w o +ess-s... Hypoponera ergatandria (Forel)
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L5

16

16"

17

i
18
18!

19

19"

20

207

21
21!

22

22!

Antennae with 9 sezmente; mandibles with 5 teeth, 1, 2,

ERd ECHEIHS TRTEE THEL 3 0T D nass s naa s NaE 6 s mRa 88 a 16
Antennae with 12 segmenls; mandiibles variable but not
SIS, IS i v v v 5 5 6 6 5 s B 6 6 G T SEVSEER W & @ ¥ B % W 6 STRIERGN ¥ @ W W B 5 e 8 @ b 17

Terminal 2 antennal segments forming a club; clypeus

extends posteriorly between antennal insertions; head

reddish brown to black; thorax, orange, gaster black;

length 2.25 mm,(Form M) ... . Myrmelachista ramulorum Wheeler
Terminal 7 antennal segments grey, not forming = club,

basal gegments yellow; clypeus not extending between anten-
nal inserticne; tiny yelliow species; length 1.2 mm (Form P)
..................................... Brachymyrmex heeri Iorel

Mandibles with 2 apical teeth fcllowed by a seriles of tiny
teeth; head and body lacking setae; terminal 7 antennal
segments grey, basal segments yellow; orange species; length
2.5 mm (Form A) o Iridomyrmex melleus Wheeler
Mandibles with 5 or 6 teeth ...... C e 18

Length of antennal scape more than twice as long as

distance from antennal zockel Lo VerteExX . vvrt i v rvaenneos 19
Length of antennal scape at most 1 1/2 times distance
from antennal sockel T VerTeX .. ii ittt ittt cnnennnns 20

Mandibles with % teeth of approx., equal size; setae of

head white; bilack cpecies; length 3 mm (reaches edge of
forest not yet recorded within) (Form HH) vreerenrrnennn..
......................... Paratrechina longicornis (Latreille)
Mandibles with 6 teeth, 1, 2, L and & being larger than 3

and 5; setae of head black; yellowish brown species; length
3.5 1M (FOrm CCJ v oite e te e et ae e e Parstrechina sp.

Compound eye minute, compossed of 10-12 facets:; setae of

head and body black; maniiktlez with € teeth, 1, 2, b4 and

6 being larzer than 3 ani 5; yellow species (Form DD) .....
........................... Paratrechina microps (M.R, Smith)
Compound eye of normal proportions, 26-30 Tacets; mandibles
with 6 teeth, 1, 2, 4 ani 6 being larger than 3 and S ..... 21

Head and thorax brownish orange, gaster black; length 2
mn (FOrm B) vvevennnns Paratrechina poss. vividula (Nylander)
Head and body same coclor throughout ..., 22

Excluding basal setae, :dorsal surface of mesotibia with 2

rows of 3 setae; head, boly, femur and tibila dark brown;
stouter species with heavier setae; length 2.5 mm (Form KK)
.............................. Paratrechina steinheill (Forel)
Excluding basal setae,dorsal surface of mesotibig with 1 row
of 4 or 5 setae and one row of % setae; head, bady, Temur

and tibia light browm; length 2 mm (Form EE) ...vvveennnnn.
sy € ¥ 3 B § SS9 8 945 4 Paratrechina sp. near vividula (Nylander)
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@2 N

27

2

28!

29"

30

Zpinotal spines present T I T T
Lpirctal epines absent oo eeennnnnnnnn.. 5 SR (1

Antennae wi

ith S 2 s 25
Antennae wit

11
h 12 segments £EE T B Bunimn o o v e e e 2 6 9 6 % B 8 5§ ]

Posterior corners of heat with single zpines; thorax and

keel of Tirst abdominal pedicel segment cpincse: mandibles
with % teeth; cranse species; length 2.5 i (Form AA) .....
serereecneeene. . Mycocepurus smithi var, boringuensis Wheeler
Posterlor corners of heal without spines ....,............. 26

Epinotal spines large ani conspleuous; frong striated from
auntennal foveae to posterior border of head; mandibles

same coior as head, with 5 teeth; yeilcwish orange species;
length 1.75 rm (Form 2) ....... Wasmannisz auropunctata (Roger)
Epinotal spines barely proetruding; frons not striated;
nandibles pale yeilowish with 4 amall brown teeth; head

and gaster dark brown, thorux orange, legs almest trans-
parent; length 2 »m ............ : Sumnisn o o Form RR

Frontal carinze raised and distinct reaching posterior

borier of head; heai striated sni reticulated; mandibles

with T teeth: reddish brown species; length 2.75 mm (Form W)
cereee.w. Tetranoriun guineense (Fab. )
Frontal carinae, I Adstinet, net reaching postericr border

©f head, mandibles voriobles ....ivi;eiirervrrrnnennnnnnn... 28

L I I R R I e e

Distance between epinota! spines less than length of one;
mandibles with 5 teeth; arlennae, head, gaster and Temora

bilue black; thorax orange; tibia and tarsi yellow; lerngth

3 mm (Forme 00) ....... cecrvaaae, Macromischa isabellae Wheeler
Distance between epinotsal zpines approx. 1 1/2 times

length of one; mandibtles with & teeth apica’ly followed by

2 roveol small teeth ... . o, 2

Frons not reticulated or striated; epinotal spines

reduced in size ani barely protruding; dark brown species

with yellowish brown less; length 2,25 ym (Form H) ........

acwa VR G b ERNE B 5 Y 5 B Baessse rheidnle subarmata boringuensis Wheeler
Frons reticulated or striatend; epinotal spines prominent:
workers leses than 2 mm in length .....v...... . |

Striations of frons almost renching posterior border of

head; compound eyes normal: head and Zaster qlark Lrown;

thorax orarge; iess brownlsh vellow; length 1.6 mm

(FOTm K} vuvnnnin i Pheidole moerens Wheeler
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frons not extending backward ruch beyond
et although ares ls reticulated; compound
hewd, body and legs
crange; length 1.2 mm (Formi Ba) ....... iieesesaa. Pheidole sp.
Antennae with 12 segments; mandibles with 4 teeth, the

Lest oney on wepbenl ampmle; SMALl www s os s ommmn s v x5 w0 0 D0
Antennse with 10 serments, nmancibles with I teeth, the

last one, on ventral ansle, small .....vevienan., G @ v g w90

&

First pedlicel segment evenly rounded; head and gaster

reddish brown, thorax and legs crange; length 1.75 mm

(Form M) it iueeeareeennnnens.. Monomorium floricola (Jerdon)
First pedicel segmenl fial dorsally dropping off rapidly

Loth front and back; boly bleck througheout; length 2.3 mm

(has not yet been collected within forest but renches edge)
(Form S8)........ Monawcrium carbonarium subsp. ebeninum Forel

Apical border of clypeus with vair of diastinet feeth ...... 34
P YT ¢
Apical borler of clypeus lacking teeth; uniform yellow-

l} i 2 | 1,
ish brown throughout except apical sesmentc of gaster
darkers 1enith 00 (DU woy samseiisvmmmiv s s aswaw ey
e $ e el S TN EE BEES BT Soienopsis azteca pallida Wheeler

worker greater than 2 rm, that of

Length of smaliest
3.0y poLymerphlo; brown specles with
r g

largest workew 2.,
apical serments o©

caster Licht (Form U) wvevieiinninennna.
e TIIT ieveeeu... Sclenopsis geminata {Fab.)
Length of workers | G LEER . w5 e ey e I IR =

Head and gaster dark brown; thorax and legs orange;

slightly siarker than ¢ segmenls baszal to it; length 1.7%

mm (Form WW) ... .ieiiiiin... ieiiieeieeaee.. Solencpsis sp.
Uniform coloration throuvshoul op with aplenl segments

OF gaster 1ighter vuuit i ieeiniinessnersecnsnssnensannnees 36

Dark brown speciec with upez of gaster yellow; monomorphic;
- 2

y g .
veeee DOIENICPSE13 SP.

~ength of workers 1.5 mm { Forn 573
orphle; length of workers 1.2 mm

or less (Form 1TJ) ..oouvinan.. .. ... Bolencpeis corticalis Forel

e e s e w

Yellow thrcougshout; pol




T ROLE OF INEECTES TH TIE FOOD WEE OF THE
THOPICAL WET I'ORES'! - PRELIMINARY REPORT

Robert J. Lavigne

The ecological niches occupie: by insects in the tropical wet
forest are poorly undersicod. In Puerto Rico the only broal study
connecting forest plants anl insects 12 that of Martoreil (1945) who
summarized existing inowledse. Only scattered informztion has since
appeared in the literature arlous traping procedures used in the
pact (PRNC Rain Forest P“o;e L fun. Rep. 1967, u. 78) have indicated
generallized habitats for certain groups such as those assccisted with
dead animals, Because of the necezsity teo Jdelineate the litter
environment from ithat of the wveretation in o concurrent froz study,
a project wacg g 1 o aseertaln the cpecifis niches occupied by
insects,

The preliminayy pﬁase of thizs stwly is concerned primarily
with those insgects utilizing the fallen fruits of forest trees as
breeding environments. The Truits of the varicus trees differ in
the amount of Tlesh surrcuniing the seeis on the zround as well as
the rate of decay of the dehisced seed coat in those gpecies in which
this ceceurs. The seed of sone species tch a¢ Byrsonima coriacea,
Genipe amerlcuna and Msniikars balats are surrounded by thick fleshy
pulp while thrse of Andirs ineruls and Dacryodes excelsa have thin
Tleshy seed coats. Other species such us Inga vera and Inga Tagifollsa
produce pods in which the see:ls remain protected until the pod rots.
The tough outside cuats of sume goecies, such as Sloanes berteriana,
Guarea trichilioi-dles and Paullinin pinnata dehisce on the trees allowing
the seeds to {all naked. The Trult of terpe glcbosa is properly
termed the paim nut since the cells =nre tizhtly compacted. Thus the
Truits of the different trees Lecome available to the insect fauna in
different ways.

As seen in Table 1, a varieiy of insects have been fournd to be
asscclated in some manner with fruiting bodies. Cole nanmss using an
abbreviation for the insect Mamily in combination with a lester of the
alphabet relate all species iLu previous diversity studies and field
notes of George Drewry, residlent iirvector of the E1 Verie Field Station.
Interestingly, the majority of rearel insects have belonged to the
order Dlptera and represents eleven separate families. The evidenc e 4
so far, is insufficient to ascertain whether there are restricted host-
insect relationships but at Jeast three species, Chironomid K¥, Limonia
willistoniana and a speciles belonging to the Tamily Drosophilidae have
been reared from two different hosts.

Thus far, only three species of ants (Formicidae), Pheidole
moerens, Solencpsis sp. (JJ) ani Formicid 7, have been consistently
assoclated with several Truits. Such EVLdeﬂCe woulidl seem to indicate
that, at least part of their sustenance is derived from thig source,




Table L. Incects reared from ar apsociated consigtently with tree fruite

found in the forest litter, Ei Verde Fleld Statfon, P.R.

Tree fruit

Antira inermis

Sloanea berterians

Eyrscnima corisces

Paullinia pinhata

Buchenavia capitata

Hanilkars baliata

Genipe smaricens

Buterpe globosa

Dacryodes excelsa

Eugenia stahlii

Inga fagifolia

Inga vera

Guarea trichilicides

Inaects
Diptern

Tipuii.lae

Limonia willlstonlars®

Limonia domeatlica¥
Ceratcpegoni dae

Forciporyis gemuaila®
Gciaridas

Sciarid B*

Sciarld E*
Etratiomyldae

Nothomyin nigra*
Chironomides

Chironomid 2D

Chironcmid 0C
Prychodidae {undet.)
Pnoridae {undet.)

Chironcaidae
Chironomid ¥K*
Peychodidae [undet.)

Droscphilidae (undet.}

Drosophilidme (undet.)®

Drosophililae (undet.]*

Paychodidae (undet,)®
Chironowidas
Chironamid M+

Tipulidae
Limonis willistonisna?
Chircnomidae {undet,)®

Pnoridas
Phorid Q*

Cecldooyiicdme
Cecldomyiid F*

Lotnchaeidac
Loochasa ap. (B)*
Drosophilidae {undet.)®

Ceratopogonidae (undet,)*

Mycetophilides
Boletina op. [..*

Sciaridae (undet,)*
Drosophilidse (undet.)

Coleoptere

fearabasidae
Canthochi lum
hinteroldes
Endomychidae
Endomychid &
Staphylinidas
Staphylinid C
Curculicnidae
Cureulionid C

Nitidulidae
Hitidulld A

Nitidulides
Nitidulid A

Mitidulides

Nitidulic A

Nitfdulldme
Nitidulsd A

Staptylinidus
Staphyiinid
Staphylinid N

Scolytides
Beolytid P

Nitidullides
Fitidulid A

Endomychides
Endomychid B

Nitidulirae
Nitiaulid B

Staphylinidae
Staphylinid C
Staphylinid G
Staphylinid X
Staphylinid L
Staphylinid M

Endomychidae
Endomychid B

Scarabusidse
Canthochdlum

baringuens{s

Hitidulides
Nitidulid &

Athew nriery

Hymenoptera
Formicidas
Paratrechina
5p. LF.E)

Formicid 2

Hymenoptera
Formicldae
Cyphomy rmex
rimosus

Hymenoptera
Formicldae
My eocepurua
smithi

Hymenopters
Formiciiae
Pheidole moerens
Solenopais mp. (JJb
Formicid Z

Hymencptera
Formicidase
Salenopais ap. (JJ)
Pheidole moerens

Crthoptera [undet,}*

Hymanopte ra

Formicidas

Preidole moerens

Solenopels sp.
(30}

Formicid Z

Lepldoptera
microlepidop
(undet. }*

Hymenoptera
Formicicaa
Formicid 2
Myrwelachiste
ramalorm
Pheidcle sp. |HH)

Bymenoptera
Formicidae
Formicld 2
Solenopels ap. [CO)
Solencpels sp. (JJ}
Solenopsls
corticalia
Pheidole moerens

*reared from fruit

Sh




Amonz the Colooptera, four lamilies (Scarabacidae, Endoemychidae,
utaphyllnlqam ard Nitudulidao) are commonly found feelding within the
collected frult: The preatest varlety of species belong to the family
Starhylinidos it Iz only The dehisoed zesd coats of Guarea
ufluhllLOlduu thal a1l % zpecios collected thus Yar, have been taken,
Nitudulid sp. A seems ‘o have the widest hoot range, which is not
surprising since membeors of its lamlly are commonly associated with
decaying Iruit,

several memuers o the tamily Seolytidae, the bark beetles
are dnown to ocour in the forect Lub lWLTlL is known concerning thelr
life histories. However, a lar:
Euterpe globosa, are commonly in!
are bored into by the adult beeotl
the litter. As 3 result of the ir

reernape ol the fruit of the palm,
tzted by Scolytid F. The paln nuts
after the nuts have fallen into
estation, the entire interior of

"J‘
7
-

the nut ic consumed. As many as 13 aiult@, 22 epgeo, 16 larvae and 12
Tupse have been Vo TR ol falm nut. A single lepidop-

terious larva

: ) mey Lo coexisting in Lhe same
nut as the bee%

More should be learned about the population cycles of insects
in lhe rain lorest. As the various suecies of trazes come into fruit,
it will be of 1

2at interest Lo compare faunas for the different times
of the ycar,

R loroness Clted

Martorell, Tuis ., 172h:, A suirvey of the foroest ingects of Puerto
Rico. Univ. of Puerto Rivo J. Agr. 39 (2&5): 69-608,.

as




PROPERTIES OF AQUATTC COMMUNITIES IN CONTAINER
HABITATS - PRELIMINARY REPORT.

John F. Addicottl

Introduction

The purpose of this work was to investigate some of the pro-
perties of the communities in aquatic container habitats. Some of
the properties in question are as follows: Does the diversity of
prey organisms vary with the density and diversity of predators in
some predictable fashion? Are certain container habitats acting as
near or far islands with respect to the source of colonization, and
can the community structure be explained or the probability of
future structure predicted?

Container habitats are those in which water accumulates,
usually in small amounts, in a depression formed exclusively by
plant tissues. Examples of these are tree-holes, bromeliads,
pitcher plants, Heliconia bracts, and in general any depression
formed al & leaft or bract axil. 1In recent years these habitats
have gained increasing attention from ecologists who have studied
them from both a population and community v1ewp01nt (Laessle, 1961
Maguire, 1959, 1963a, 1963b; Maguire and Belk, 1907; Maguire, Belk
and Wells, 1968). This interest has stemmed mainly from the real-
ization that these habitats are very frequently small (less than
20 ml.) and abundant, and that therefore replication in the field
is aveilable. Where rainfall is relatively predictable, such as in
the low and middle elevations of Allantic Costa Rica, and where it
is constant, a minimal variability of the physical conditions in
the habitat through time and between similar habifats in space can
be expected. This lessens the probability that successional changes
in community structure will be the resull of physical changes in the
habitat. This in turn makes casier the analysis of community inter-
actions. Another advantages of this habitat for community ecology
is that few kinds of organisms utilize it: osmotrophic and holotrophic
protozoans, rotifers, nematodes, other worms, mites, and insect
larvae, particularly mosquito and syrphid larvae.

The purpuse of this part of the work was to evaluate and
extend the ideas that Paine (1966) presented relating the diversity
and density of predators to the diversity of prey. The bract contents
of Heliconia bihaie (%) were used for this evaluation. On the basis
of the work of Maguire et al. {1968) mosquito larvae (Culex americanus)
were ronsidered as the predator and all protozoans as the prey. The

lDept. of Zoology, Univ. of Michigan, Ann Arbor, Michigan
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use of protozoans as an ecological unit is Justifiable on the following
basis: the mosguito larvae seem to recognize all members of the group

as potential prey orzanisms; there are only two trophic types repre-
sented among the protozoan sampled from this habitat, osmotrophs and
bacterial feeders; the protozoans are the only group fourd in the braects
which has a high enough populaticon turnover rate to be able to respond
quantitatively to the predation pressure. The nature of the inter-
action between predator and prey is hypothesized to be the following.
Where mosquito larvae are absent or very rare in a bract, competition
among the protozoans for the available food resources should result

in a low diversity of protozoans, with the better competitors becoming
very abundant and the majority of species being rare or absent. Like-
Wwise at very high densities of mosquito larvae diversity of the proto-
zoans should be low due to the elimination of all but those species
which are able to divide very quickly or are able to find some micro-
environment within the bract which is relatively from predation pressure.
At intermediate densities of mosquitc larvae it is hypothesized that

the effect of predation will be to lower the competitive superiority

of the better competitors, thereby allowing more species and a more

even distribution of abundances among species to exist. Therefore,

when some measure of the diversity of prey is plotted against some
measure of predation pressure, a unimodal humped curve should result.
The hypothesis can be extended to predict the effects of added diversity
among the predators and the addition of further trophic levels to the
system, but since this could not be tested during this part of the work,
it will not be discussed.

Methods

The study was carried out between June 16 and June 18, 1969
at the E1 Verde Research station, in the Tuguillo National Forest in
Eastern Puerto Rico {the logistic support of the Puerto Rico Nuclear
Center is gratefully acknowledged). The contents of individual bracts
of Heliconia bihai (%) were removed using a plastic turkey baster
and rubber bulb, and placed in wide mouth Jars, which had been rinsed
with 70% ETOH and allowed to dry. These samples were then carried
immediately to the lab for analysis. The analysis consisted of taking
two small subsamples, one from the top the other from the bottom of
the bottle, for censusing which brotozoans were present. From the
entire sample the mosquito larvae were counted and the presence of
other organisms recorded. For simplicity the diversity of protozoans
was calculated as the number of Species present; density of mosquito
larvae was calculated on the basis of the total number of larvae
present, recardless of the distribution of instars among this number.
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Results

Figure 1 shows the results of samples taken from 35 bracts on
6 inflorescences. Use of the non-metric E and H test (Eyeballing and
Handwaving test) shows that the hypothesized relaticnsghip between
prey diversity and predator density was not demonstrated.

Discussion

A number of improvements of the metiiods involved in this part
of the work can be made. A better measure of predation pressure is
desirable. This could be acromplished in the fellowing manner: 1in
the lab determine the relative feeding rates of each instar of the
mosquito larvae (I-IV); ensure that all mosquito larvae are removed
from the bract during sampling (which was not the rase in this study);
classify each larva &8s to its instar. Second, with the maximum number
ot protozoan species found being £, the measure of diversity of protoe-
zoans was relatively crude and insens:ive. Subjective estimates of
the biomass of each species (abundant, common, rare, present, absent)
would enable the use of a more sensitive measure of diversity. Third,
a larger sample size of bracts would include a greater range of
density of mosquito larvae, thus filling out the right hand tail of
the curve which was missing from tals study. Fourth, the hypothesis
ar it has been presented predizts conditions In an equilibrium
~ondition, whereas there is every reason to believe that such con-
ditions were not always encountered, The predation pressure upocn
~he protozoans was probably changing rapidly from day to day as the
ii~tribution of individual larvae among instars changed. Some bracts
may have been encountered in which cclonization was not yet complete,
or in which more species were present than could be supported at
equilibrium and due o a time lag all species were still present. The
effect of most ot theze problems probably can be analyzed during a
longer term study in which individual bracts are repeatedly nampled.
Another approach would be Lo ~ontrol the densities of mosguito larvae
and allow the system Lo move fowards an eguilibrium. This latter
approach will be =tiempt in the near future using pitcher plants in-
stead of Heliconia hracts.
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STUDIEE ON THE CHEMISTRY CF THE TROPICAL
MARITIME ATMOSPHERE

1. COMPOSITIOR OF ARROZOLE AND PRECIPI-
TATION OVER PUERTO RICO

Anders Andren and Rovert C. Harrisl

Introduction

In the treopical rain forest ecosystem chemical input throuch
impaction of aimospheric aeroscls on the forest canopy and precipi-
tation 1s & major component of the chemical mass balance. The lu-
gquillo Experimental Forest of eastern Puertc Rico is exposed to g
f'low of relatively uncontaminated maritime alr and studies by Jordan
{1363) have demonstrated that a large prercentage of the calecium,
maghnesiumn, sodium and potassium in the system is derived from atmos-
pheric precipitation. Studies by Duce et al. (1965) have shown that
the halogen composition of marine aercsols is different from the sea
water from which they are derived with many of the mincr elements
being highly enriched In the aerosol phase.

The objectives of the present study are to determine the to-
tal atmospheric input of chloride, sodium, potassium, calcium, mag-
nesiwn, strontium, fiuvoride, sulfate and phosphate inte the rain
forest. The input mechanism will be determined by ctudies on the
relative importance of lry impaction of aeroscls on the forest cancopy
versus input by precipitation. Aeroscl size distributions over the
rain forest and variations in aerosol composition as a function of
particle size will be investigated,

Experimental Methods

Analytical procedure - The rain water samples were all con-
centrated under ultraviolet lamps ten to a hundred fold. Soddium,
potassium, calclum, magresium ang strontium were all determined
using a Beckman atomic abscrption unit. The chloride and fluoride
ion concentrations were determined by Orion specific-ion electrodes.
Bulfate was delermined by a turbidimetric method. Phosphate was
determined by the molybdate blue method,

1 :
Graduate Student and Assistant Professor, Dept. of Oceanocgraphy,
Florida State University, Tallshassee, Fiorida.
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sampling Procedures

All rain and aerosol camples were collected at the tower
situated in the Fl Verde Experimental Forest station at an altitude
of 500 m. The rain was collected in 20 cm x 40 eom polyethylene cans
rinsed clean with distilled water. The amount of rain was recorded
for each shower as well as direction of the wind and time of col-
lection. The aerosol semples were collected with a six stage
Anderson cascade impactor at the same location. The water soluble
aerosols were then washed off with five to ten ml of distilled water
and analyzed as described above.

Hesults

The results of the rain samples are given in Table 1. The
ion ratios for these samples are presented in Table 2. The seg water
ion ratios and the enrichment factor are nlso included for comparison.
A large variation in absolute ccncentration is Observed. This is not
surprising when they muany parameters which might efTect the chemical
composition of the rainfall are considered among which are the condi-
tions of the ses off the coas*t of the island, the age of the shower
when it passec over the collection site, the wind speed and direction,
and the path over land that the shower has followed before reaching
the sampling location, The washout effect can be seen in samples Y-1
anl Y-2 which were from rain that occurred after several days of no
rain. The C1/¥a ratio and the Mg/N& ratic are both very close to
that of sea wauter whereas the other jons seem to be enriched with
respect to godium.

The results for the aerosols are presented in Table 3. The
most note worthy trends are sz follows:

1. All have an initial enrichment with respect to sodium
relative to sea water ratios,

2. There is a maximun envichment in the 2 u tc & u size
rare .,

3. Bulfate is much more enriched in the aercsol particles
than in the rain water.

L, The total ratios of acrosol particles approximate the
ratios in the rain water except the sulfate/chioride
ratio.

Similar results have been found for scdium and chloride in Hawaii

(Junge, 1957) but the other lons have not been investigated in the
Same mamner and thus no comparisons can be made for other areas.
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Table 1. Elemsntal Composition of Rain in Puerto Bice

Sample Local Alti. Amt, of C1 lia i Vg
No. Date time tude rainfall (FPM} (PPN} (PP} (m) (PIM)(PIM) (Pl’-') (Fw'f (Pm)

L-1 20 Aug. 1400~

‘69 1600 €50 m 0.21"  1.85 1.10 0.17 0,375 0.100 0.34 0.7 =sce  eees
Y-l 26 Aug. 1300~

r69 1400 500 m 0.13"  3.54 1,51 2.0 0.893 0.12%5 0.043 2.0 0.015 e-w-
Y-2 27 Aug. 0900~

169 1000 500 m 0.09"  3.92 1.69 0.56 0.648 0.159 0.043 1.2 0.005 ===~
¥-3 27 Aug. 1100~

'69 1400 S00 m 0.82"  1.98 1.05 0.10 0©.140 72,064 0.027 0,6 ---- 0.018
Y-4 28 Aug. 2L00-

'69 0900 500 m 0.29"  1.70 0.83 0.12 0.160 7.053 4,021 D€  weee  emm-

Y-5 29 Aug. 0800~
'69 1300 50N m 0.24" 3.0%3 1.63 0,15 0.700 0..30 0.030 0.7 ———— -

Table 2. Ton Ratios in Rain from Puerto Rico

Sample

No. C1/Na K/Na Ca/Na Mg /Na F/Cc1 80) /C1 Sr/Ca
L-1 1.68 0.16 0.3k 0.09 0.018 0.38 0.13
Y-1 2,34 0.07 0.58 0,08 0.012 0.57 ———
Y-2 2.37 0.34 0.39 0.09 0.011 0.30 e
Y-3 188 0.09 0.1k 0.06 a..014 0.30 T
Y-4 2.05 0.15 0.19 0,08 0.012 0.30 —
Y-5 1.86 0.09 0.43 0.08 0.009 0.23 S
S.W. 6.7

Ratio 1.80 0.0036  0.038 0.12 10-5x 0.13 0.031
Ave,

Ratio 2.02 0.15 0.35 0.08 0,013 0.35] 0.13
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Teble 3. Elemental Composition ani Iun Ratios of Aerosols from Puertc Rieeo

Sample Dianmeter Cl Na Ca g S0y

No. ?ﬂﬁg} w3 ughd /e umfd  agfel Cl/%a Ca/lia Mg/Na S0)/CL
1Y-1 <8 0.63 0.7  0.045 0.015 oo 3.7 0.2€  0.088  anee
1y-2 5-10.5 0,50  0.30 0.056  0.01%5  aaee 1.67 0.1 0.050 ----
1Y-3 3-6 1.37 0,47 0.17¢ 0.0k 1.ha 2,92 0.3¢6  0.102 1.09
1Y-4 2-3.5 0.78 0.55 0.280 0.0B2 2,60 1.2 0,50 0.149 3,33
1¥-5 1-2 0.85 n.5% 0.186 0,074 3.9k 1.55  2.zh 0 0,135 h.€3
1¥-6 <1 03T 0.28 .05 0,022  ---- 1.32  0.20 0.079 =eu-
Total L 2.32 0.793 n.256 78.03 1.93 2.3+ o.11 1.75

Discussion

The ion ratios exhibit several important festures. The C1/Na
ratios show an enrichment factor of 1.12 in rain water and 1.07 in
aerosols indicating that some fractionation occurs at the sea surface.
The same is true for the other elements except for Mg which shows
almost the same value as that of sea water. Dry fallout could be
quite an important factor for sulfate removal since the 80),/C1 ratio
for rain is 2.7 and that of aercsols is 13.8. TFlouride is enriched
540 times in rain and is quite an important mechanism for input of
this element intc the ecosystem. Additional samples have recently
been collected and the authors hope to establish a regular sampling
program in the near future.
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KARYOTYPIC STUDIES OF BATS OF THE FAMILY PEYLLOSTOMATIDAE
Robert J. Bakerl

From 16 July to 24 July 1970, Mr. Genaro Lopez and I visited
the Puerto Rico Nuclear Center's El Verde Field Station in E1 Yunque
National Forest. Our visit was part of a National Science Foundation
sponsored research project (GB-8120) entitled "Karyotypic Studies of
Bats of the Family Phyllostomatidae". Permission to use the facill-
ties was kindly granted by PRNC and the Terrestrial Ecology Program
director. Collections were made by 'mist nets"” placed above the
forest canopy and the forest floor.

The karyotypic preparations were made by a nodification of the
in vivo bone marrow culture method. Each live animal was weighed,
and then injected introperitoneally with a 0.025% Vinblastine or col-
chicine solution at a rate of 0.01 ml per gram of body weight. After
two hours the animal was sacrificed and approximately 2/3 of the
humerus was removed without dameging the proximal end. The flesh and
a chip of bone were removed from the proximal end of the humerus to
expose the red bone marrcw cavity. The shaft was flushed with 3 ml.
of a 1.0% sodium citrate solution, pipetting vigorously to break up
any cell clumps. The resultant cell suspension was allowed to set
for 10-12 minutes after which time it was filtered through two layers
of cheese cloth and centrigured at 500-1500 RPM for four minutes.

As much of the supernatant fluid as possible was discarded
exercising caution sc¢ as not to disturb the button of cells. To the
precipitate 3 ml of freshly prepared Carnoy's fixative (3 parts
absolute methanol and 1 part glacial acetic acid) were added, Float-
ing materials and lipids may be removed at this stage. The cell
button was gently disrupted with a pipette until a homogenous cell
suspension was obtained. After allowing the cells to fix for 10-12
minutes, the suspension was centrifuged for 4 minutes and the super-
natant was discarded. The cells were resuspended in 1.0 ml of fixa-
tive and centrifuged as before. This step was repeated three times.
ATter final washing the cells were resuspended in 1.0 ml of fixative.

Three to four drops of the cell suspension were placed on a
clean slide and ignited. When the fire extinguished itself, the
residue was promptly slung from the slide. Usually, four slides from
each gpecimen were made, The dry slides were stained with Giemsa's
stain {1 part Giemsa's stock solution to 8 parts distilled water) for
15 minutes. The slides were then passed through two bathg of acetone;

L
Department of Biology, Texas Tech. University, ILubbock, Texas
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Brief comments on the chromosomes of each specles follow.

Pteronotus parnellii (Gray

2n=38, FN=60. The chromosomes of this species have been
studied from specimens from Mexico (Baker, 1967) and from gpecimens
from Trinidad (Baker, In Press) and no geographic variaticn was found.
The chromosomes of the Puerto Rican specimens were indistinguishable
from those previously reported for species (Baker, 1967).

Pteronotus fuliginosa (Gray) Figure 1

2n=38, FN=60. This species which is endemic to the Greater
Antilles has a karyotype identical to that reported for the other
three species of Pteronotus which have been studied (Baker, 1967).

Monophyllus redmani Leach Figure 11

2n=32, FN=60. All autosomes are biarmed and metacentric or
submetacentric., The one of the smallest pairs has a distinct
secondary constriction on the long arm., The X is a submetacentric
and the Y a minute element. The closest living relative of this
genus is Clossophaga of which three species have a karyotype much
like that reported for this genus {see Baker, 1967).

Artibeus Jamaicensis Leach Figure lc

on=30°“31oc. This species has been studied from a variety
of localities (see Baker 1967, Hsu et al 1968, and Baker, In Press)
and all males examined have had two Y chromosomes. This is true of
the Puerto Rican specimens. There also appears to be no variation
In the autosomes.

Brachyphylla cavernarum Gray Figure 14

2N=32 FN=60. All of the mutocsomes are biarmed and metacentric
or submetacentric in nature. The X is g submetacentric and the Y is
a minute element. There is a secondary constriction on one of the
smallest pairs of autosomes.

Sternoderma rufum St.-Hilaire Figure ie

2N=30003loo. A1l of the autosomes are biarmed and, except
for two pair cf subtelocentrics, all are metacentric or submetacentries.
The X is a subtelocentric and the Y's are two small acrocentrics, one
cf which is slightly larger than the other.

Erophylls bombifrons (Miller) Figure 1f
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2N=32, FN=60. All of the chromosomes of females are biarmed
elements and most are metacentric or submetacentric in nature. One
of the smallest pairs has a distinct secondary constriction on the
long arm. Since only females were collected the sex chromosomes
could not be determined.

Eptesicus fuscus Palisol de Beauvois

ON=50, FN=48. The chromosomes of the two Puerto Rican speci-
mens were like those described for this species from the United States
and Mexico (Baker and Patton, 1967). All autosomes were acrocentric
and the two X chromogomes were submetacentric,

Molossus molossus

oN=48, FN=56. The autosomes consist of a large palr of
submetacentrics, three medium pzirs of submetacentrics, a pair of
medium sized subtelocentrics, and a graded series of 18 pairs of
acrocentrice. One of the two largest pairs of acrocentrics has a
secondary constriction very near the centromere. The X is a sub-
metacentric and the Y is a small, but by no means minute, acrocentric.

Discussion

The collections made for this study revealed some ecological
aspects of the rainforest bat fauna. Tamsit and Valdivieso (1970)
did not list any insectivorus forms for the El Verde fleld station
area. We collected 3 different genera of insectivorus bats,
Pteronotus parnelli (8 specimens), Eptesicus fuscus (5 specimens )
and Molossus molossus (1 specimen). Many Eptesicus were observed
flying over the nearby stream and above the roads, and Mollosus
were Frequently observed flying high over the forest. Fewer
Pteronctus were cbserved but the number collected suggests that they
are not uncommon to the forest.

Since to our knowledge the air above the canopy had noct been
netted or extensively collected, about thirty feet of net was placed
for one night between existing towers. The collection yielded 2
specimens of Brachyphylla cavernarum, 4 gpecimens of Artibeus jamai-
censis and 2 specimens of Stenoderma rufum. Of interest is the fact
that Brachyphyllum had not been previously reported from the Luquillo
Forest, although it is known tc be abundant near the numercus caves
of the limestone regions of the island.

On four separate nights nets were placed within the forest
in situations judged to be optimal based on netting results in other
tropical forests. At nc time were as many as 8 specimens obtained
in a 30 foot section of net, It is thus possible that a larger

number of bats fly in the upper canopy than near the forest floor.
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one of acetone and xylcl (i:l) andi two of xylol, and then mounted
under = 22x40 mm coverslip with Permount. A minimum of 25 spreads
were counted Trom each specimen examined. All specimens were pre-
pared ag musewn gkins and skulls and deposited in the collection of
animals, Department of Plolcgzy, Texas Tech. University.

A total of 65 specimens were studied invelving nine speciles,
eight genera and three Tamilies, A gsummery of these data are shown
in Table L.

Table 1. Chromogsomal Dula For Bats From Puerto Rico

Z0 L X X oldl el

Family Phyllostomatllae

Pteronotus parneilii 38 60 8M A 3 1

Pteronotus fuliginossa 28 A0 SM A 1 0

Monophyllus redmani 2 60 EMA 5 o

Artibeus Jamaicensis w-21 56 ST A-A 4 1

Brachyphylla cavernarum o G0 SM A 7 4

Stenoderma rufun 0-%1 0 56 B0 A-A 1P L

Ercphylla bombifrons b 60 % z 0 11
Family Vespertilloni:lae

Eptecicus fuscus nh 48 77 0 &
Family Molosslidze

Molossus molossus L8 56 SM A 0 T

Even though the Puertc Rican populations are isclated, the
karyotypes do not vary within speciles (Artibeus jamaicensis, Ptero
notus parnellii and Eptesicus Fuscus) which occur both on the mainland
and on Puerto Rico. TFurther, the karyotype of Monophyllus is much
like that of its closest relstive, Glcssophaga (Bsker, 19 7) which
cccurs on the mainland. Pteronotus Tuliginosa also has a karyolype
like that of other species within the same genus. These data suggest
that there has been little or no karyotypic evelution within these
Torms since reaching this island.




Ancther senus, Stenwierma, is found tc have the XX/XYlYg sex
determining mechanism, This brings the number of senera to 6 (Steno-
derma, Ametrida, Artibeus, Choevoniscus, Carcllia, Enchisthenes)
which have this type of zex determining mechanism (see Baker In Press)

.
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ARRESTED SUCCESSION IN TROPICAL, TERRESTRIAL ECOSYSTEMS

Jack Ewel

Introduction

Tropical terrestrial ecosystems exposed to low temperatures or
low molsture ars less structurally complex than systems which are not
stressed in thiz manner, such as the wet lowlands. Alsc, agricultural
systems of low siructural complexity (¢.g., corn fislds) have been
notably unsucce :2ul in hot, wet, tropical areas, but work well in
Arier or colder ervironments. The examples of successiul, permanent
agricultural systems in the wet tropical lowlands are ones of relatively
complex structure, such as cacao and rubber plantations, and dooryard
gardens in which many specizs of varying size are grown in a small area.

Stress constitutes an encrgy drain on the system resulting from
work done to permit survival in an adverse environmsnt. Under stress
conditions a relatively hich proportion of the ensrgy available to a
system is channelied into mechanisms which pormit the system to withstand
the stress, whereas systems not subjected to stress put proportionally
more energy into structural complexity.

Tn agricultural systems, man attempts to maintain limited
structure and sccomulishes Lhis throusgh energy inputs in the form of
weeding, cultivating, and applying herblcides and pesticides. In low
stress conditions, relatively hich inputs of this form are reguired to
avoid complexity, whereas ilimiting water and tempsrature are two natural
stresses which perform the sams Lhngtlon. What is the relative caloric
oost of limiting the Jdevelopment of struclural complexity in low stress
environments comparazd with areas oif high natural stress? Measurements
will be made to achiove the following:

1) Measurement of the rate at which systems exposed to
differept environmental slresses begin to return to
their original levels of structural complexity after
their complete destraction.

2) Measurement of *the enerzotic cost of preventing this
return.

Development of an index of structural complexity which
will be applicable to a wide variety of tropical, ter-
restrial ecosysten.

A
pa—

WY Comparison of the energetic cost of limiting structure
via a direct energy inputs vs. a specialized fossil fuel
input, herbicide.
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5) Simulation {(digital or analog) of the response of various
tropiczal syctems to stress and prediction of the inputs
necessary to prevent various ecosystems from becoming
structurally complex.

PROCEDURES

Field Studies

Sites - Study areas have been selected in five tropical environ-
ments: two sites in low stress zone, twe sites along a moisture gradient
with mean annual temperature held avproximately constant, and one site at
low temperaturs where moisture in non-limiting. Data on location and
gross climatic factors for each of the five areas are shown in Table 1.
While the procedures and methods ar2 applicable to all sites, only the
Quebrada Jimenez site in Rastern Puerto Rico will ba described in this
report,

Thz Quebrada Jimenez site is located in the Luquillo Experimental
Forest and is approximately 10 km. from the PRNC site at FL Verde, The
site has been classilied as a low stress environment with resvect to
rainfall and temperature. The rainfall diztribution in the area is
relatively uniform. The voerstation af Jimenez had been spray=d with
herbicides lour years ago. The canopy, at 19 M, was open and the ground
covered by a denss understory of Palicoures 3p. and Psychotria =p,
about 3 M tall. The soii is a moderately well drained, heavy latoscl
and the topography is somewhat irrepular, with slopes averaging 20 to 309.

Experimental Design - A gplit-plot design is being used, with
Tfour replications per location. Each replication consists of two main-
plots. One of these was cleared, while the other was cleared and sprayed
with herbicide. This initial treatment is intended to provide a measure
of the recle of coppicing in early recovery.  Each mainplot, in turn,
consists of six subplotec, two of which will be selected for measurament
and retreatment at each of thres times. One of the selected subplots
will be cut and the other herbicided,

Techniques - July, and Seplember through December, 196G were

spent selecting and Preparing the five sites. An area ot 100 by 58 m
was surveyed at each location, with the long dimension runring, insofar
as possible, parallel to the contours. After the existing vegetation
was felled, the L8 subplots, each of which is 3 by 6 m, were layed out.
A 10 m buffer zone was left around the inside border of the plot. A1l
cut vegetation and litter was removed and discarded into the L4 m buffer
zone between adjacent subplots. 1In the case of the Ojo de Agua plot,
biomass was removed only to the surface of the deep organic layer, since
this seemed to bhe the principal rooting medium. Due to time and labor
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limitations it was not possibla to fell the larger overstory trees at
Lthe Quebrada Jimenez, P.R. site, these were girdled and poisconed, A

recent inspection indicates, however, that this treatment killed only
about 20% of the trees, so an immediate retreatment is planned.

Following a final recleaning of all subplots, herbicides were

Spray - applied to one randomly selected mainplot of each replication
as follows:

Dow Chemical Application
Tradenark Name of Herbicide Rate (g/me)
Tordon b - amiro - 3,5,6 - Lrichloropi-

colinic acid 0.067
Dlf - dichlorophenoxyacotic acid 0.250
Dowpon 2,2 - dichloropropionic acid 1.7kg

The above doses are two to three times higher than those usually applied
in normal agricultural use. Tordon and 2,4 - D are dicot killer, while
Dowpon kills monccots. The date on which herbicide was applied at each
site, thus the time from which all regrowth is dated, is indicated in
the final column of Table 1.

Precoding the retreatmont of each subplot, the accumulated
structure will be evaluated by measuring:

Humber of stems, separated by origin (seedling or coppice)
Heights

Per cent cover

Visible light transmicszsion

Number of species

Leal arca index

Above-ground biomass

B B S AR e S I\ T =
N M e e A

These measurements, rxcluding leaf area index and above~-ground biomass,
will also be made in nearby steady-state forests on similar sites.

Evaluating Energy

A generalized energy flow diagram of the systems, using the
terminology and symbols of Odum (1967 a&b), is shown in Figure 1.
The drain caused by the necessity of developing and maintaining me-
chanisms to endure environmental stress is shown within the plant
population as part of the potential generating work. This acts as a
feedback through a work gate on the energy flow within the plants,

and its assoclated energy drain would increase as environmental stress
increases.
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The cutting and herbicide treatments are shown as an outside
energy source acting through a negative multiplier (work gate) on the
energy flow into the plant populations. In the case of cutting, this
will direectly break the [low by removing the plants, The herbicide,
however, acts by channeling the metabolic energy of a plant into its
self-destruction; this would be represented more accurately as a source
acting as a positive multiplier on the flow between the energy receptor
and respiratory network of the plants. The action of hormonal herbicides
gpparently results from ethylene, which is produced in toxic levels
(Hallaway and Osborne, 196G).

The energy spent by a man to cut the vegetation represents the
direect cost of preventing the development of structure and can be evaluated
by knowing an individual's weight and the exact time spent at a given
task (e.g., see Brody, 1945). The added energetic value of cutting with
a machete can be determined by a measuring the time required for the same
individuals to clear smaller subplotc of gimllar vegetation by hand. At
least two individuals will be =2valuated at each task in order to estimate
the differences within workers,

The application of an herbicidae represents a specialized form
of fossil fueld input to limift structural development. The labor used
to apply it can be evaluated as above, while the energetic value of the
herbicide can be measured by determining its caloeoric value, coupled with
the follar cost of 1ts production. The energetic value of a dollar spent
in a fossil fuel zconomy has been estimated by Odum (1967a).

Data Processing and Simulation

Some or all of the seven kinds of measursements used to evaluate
structural complexity will be ~ombined, if possible, to produce a nu-
merical index of structure. Since all of the measures are to some
extent interdependent, multivarlate analysis will be used to determine
the contributicon of each factor te stand structure.

Information theory otffers another pecssibility for combining the
seven measures into a useful index, provided suitable weighting factors
can be determined for ezach of the variables.

The two measures of the cost of preventing structure can then be
tested as responses to 1.) initial clearing by cutting vs. herbicide, 2.)
time, 3.) effect of repeated treatment, and 4.) environmental stress.
It should then be possible to model the cost of maintalning a low-
structure system as a function of stress, of form of energy input to
centrol structure, and of time. Further modeling may make it posgible
to predict structural response te stress in combinations other than
those included in the field study.
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PROGRESS REPORT, FIELD STUDIES ON THE PUERTO RICAN
TODY, TODUS MEXICANUS

Kay Kepler

My graduate research {Cornell University) invoives the
documentation of the natural history of the family Todidae, with
emphasis on the Puerto Rican Tedy, Todus mexicanus. This small
family of birds (5 species) is one of two famlilies unique to the
Caribbean. By arrangement with Puerto Rico Wuclear Center, I
have included the study area of the El Verde Field BStation as one
research site. During the period Sept. 1968 to March 1970 I have
made approximately 40 visits, studying population densities, ter-
ritoriality, reproductive bilclogy and feedlng behavior.

Linear densities of todies near El Verde IField station
average 12.5/Km. This area is situated in the so-called tabonuco
forest zone. By comparison, tody densities decrease with increasing
elevation, averaging 5.81/Km in the colorado forest zone, 2.3/Km
in the sierra palm forest zone and O.85/km in the dwarf forest zone.
In lowland scrub forest densities average 20/Km and in coffee
plantations 25/Km,

The 160 nmeter fence and surveyed grid pattern of the gamma
irradiation study area Tacilitate measurements of area density and
territory shape and size. Approximately 18 pairs of todies utilize
the forest within the fence, giving an area density of approximately
225 palrs per Km® (Figure 1). Comparison with Recher's 1965 census
figures for the same area indicale 1ittle change since that time,

The exsact territories occupied by each pair are receiving
mzjor emphasis at E1 Verde, utilizing the grid for reference. It
appears that pairs remaln mated throughout the year and use the
same area from year to year. Territorial defense and other ag-
gressive behavior is under study. The presence of the Elack-
whiskered Vireo (Vireo altilcguus) at El Verde elicits certain
patterns of aggressive behavior not seen at higher elevations
where this species is absent.

Nests of the tody consist of burrows in vertlcal earth banks;
a2 number of suitable banks occur along the El Verde trails. Mach
of my nesting information is being obtained here. A nesting pe-
culiarity observed near the field station in 1969 consisted of 4
birds feeding young in the gsame burrow., It is probable that 2 of
these were immature offspring from the previcus year.

Another Tacet of my stuldy is feeding behavior. Informaticn
of foraging height, percentage of time spent feeding on insects from
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the air, from ieaf surfaces and from other sources, and, when
possible, type of food taken is compared from the 15-16 meter
canopy at El Verde through the range down to 1.5 meter canopies
at high elevations.

The tody is only a small part of the avifauna of the Lu-
quillo Forest, and incidental to its study, information has been
obtained at El Verde station on other species of native birds and
migrant warblers, in an attempt to understand the avian ecological
relationships of the rain forest., I would like to express my
gratitude to Puerto Rico Nuclear Center for permission to study
in the area.
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THE TERMITES AT EL VERDE: 1060 SURVEY

Elizabeth A. McMahenlt

In July 1969 McMahan, with the help of T.A. Burns, recensused
the termite populations of the Radiation, South Control, and North
Cut Centers at El Verde. The work wag a contimuation of a study begun
in the summer of 1966 and carried through the summer of 1967 and 1968
{See PRNC, Rain Forest Annual Feports for 1968 and 1969. Also Odum,
in press, A Tropical Rginflorest). Tt attempts to evaluate the effects
of gamma, radiation 93 days in the spring of 1965) on the termites in
the Radiation Center.

Two termite specles of family Termitidae are prevalent in the
centers: Nasutitermes costalls, which builds large carton nests on
the forest flcor, and Parvitermes discolor, which is not a nest builder
but lives within lecaying logs and stumps. Both gpecies build carton
tunnels to foold sources (dead limbs, etec.). One colony of Glyptotermes
pubescens of family Kalotermitidae has been found each yvear since 19A7
in a single stump in the North Cut Center.

Procedures

Surveys of nests and tunnels were made in each of the three
centers. The nest survey included the area within the 80 m radius
of the Centers, while the tunnel survey included only the area within
the 30 m radius. New nests were sought and old nests were evamined
for degree of activity or abandcnment. Trees and vertical stumps and
trunks were examines for tunnels or tunnel remnants. Tunnels were
recorded as occupied or not occupied and by which termite species.

Hesults

Nests. Three formerly active N. costalls nests were Tound to
be abandoned in July 1969, one in the Radiaticn Center (#12) and two
in the South Control Center (38 and #10). Nest 12 had appeared to be
very feeble in 1968 (as evidenced by very low emergence of scldiers
when the surface was disturbed) and it was assumed to be in the process
of abandomment at that time. Another nest in the South Control Center
(#9) had, on the same basis, been pronounced abandoned in 1968, In
1969 it was again mediumly sective and the tunnels leading from it
were Tilled with termites. This is the only nest that has "recovered”
to date,

lDepartment of" Zoology, University of North Carclina.
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Two new and active nests were discovered in the South Control
Center {#28 and #29), plus an apparently long-abandoned one (#30)
which had become exposed with the decaying away of an old stump. The
two active nests were small and within a meter of each other, the first
case of such proximity of nests.

Figure 1 shows the sites of the nests and nest condition for the
Radiation and Scuth Control Centers in 1969,

Wiegert, who had first mapped the nests of These Centers, did
not similarly map the nests of the Norih Cut Center. In the latter,
in 1966, was found only one long-abandoned nest with & 30 m radius.
After the 1967 census a large active N, costalis nest (N) was trans-
ported to the NNE 30 m radius in the North Cut Center and settled at
the base of a large tree. The colony continued to be active and sent
out tunnels over adjacent trees.

Tunnels. Approximately 10% of the trees in each Center exhibited
tunnels or remnants of tunnels in 1966. This percentage has remained
relatively constant, although the trees involved have changed.

Tebles 1 and 2 summarize the annual tunnel data since 1966 for
the two major termite species at El Verde. The most interesting find-
ing was the fact that in the Radiation Center trees with cccupied tun-
nels, which in 1966 and 1967 had constituted about 12 per cent of trees
bearing tunnels of any descripticon, in 1968 had risen to 2L and in 1969
to 55 percent, Figure 2 1llustrates this rise and further shows that
tunnel occupancy in the South Control and North Cut Centers did nct
show such precipitous rises. In 1969 all showed comparable levels of
occupancy.

The increase in tunnel occupancy shown by the Radiation Center
was due to the presence of the new N. costalis nest that was first
observed there in 1968. Table 2 shows that the percentage of Parvi-
termes tunnel occcupancy increased but little from 1966 to 1969.

Another notable finding in 1969 was the large increase in N.
costalis tunnel occupancy in the South Control Center and the simul-
taneous, large decrease in P. discolor occupancy. The two new (in
1969) N. costalis nests in this Center doubtless played a part in
increasing the number of occupied N. costalls tunnels, Previously
both species had been well—represeﬁfed in the Center. The North Cut
Center has consistently had more evidence of P. discolor than of N,
costalils. - -
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Table 1. Tunnel Survey Data for Nasutitermes costalis
in the Three Centers

Radiation South Control North Cut
Treeg Tunnels Trees Tunnels Trees Tunnels
Year with Occupied with Occupied  with Occupied

Tunnels No., % Tunnels No. % Tunrels No. %

i

1966 90 3 3.3 G e 23.9 29% 0} 0,0
1967 102 1 1.0 108 21 19.4 78 T 9.2
1968 93 15 16.1 136 23 16.9 8o 9 11,0
1969 89 35 L3.8 120 kLo 31,7 82 0 I52
*Survey to 20 m radius only.
Table 2. Tunnel Survey Data for Parvitermes costalis
in the Three Centers
Radiation South Control North Cut
Trees Tunnels Trees Tunnels Trees Tunnels
Year with Occupied with Oecupled with Occupied
Tunnels Yo, ¢ Tunnels No, % Tunnels No. %
1966 Q0 8 8.9 g2 25 27.2 PO* 11 38.0
1967 102 T  Tub 108 3L 31,5 78 25 32,1
1968 93 7T 7.5 136 4o o 29.h 8o 26 31.7
1969 89 10 11.2 120 17 1k.2 82 33 ho.2

*Survey to 20 m radius only.
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Discussion

Tn the Radistion Center conly 4 of the 11 criginal (1966) active
nests were still active in 1969. In the South Control Center T of the
original, active nests were still active. One new nest was first
observed in the Scuth Control Center in July 1967, cne in the Radiation
Center in July 1962, and two {possibly representing a single colony
because of their proximity) were Tirst observed in the Scuth Control
Center in July 1969. Too little is known at present regarding the
circumstances surrounding the foundatlion of & new colony or at least
the initiation of a new nest to permit more than guesses regarding
the delsy in recolonization of the Dadiation Center.

The grester incidence of nest sbandeonment in the Radiation
Center over that in the Zouth Ccntrol Center has been attributed to
the sterilization of the reproductives and the accompanying diminution
of the population {McMahan, PREC Rain Forest Annual Reports 1968, 1969},
As evidence Tor this hypothesis was cited the lack of nymphal formes in
tunnels or participating in nest repair. Recent literature (Krishna
and Weesner, 1969. EBiology of Teyrmites. Academic Press) has caused
a re-evaluaticn of this interpretation.

The termite gemus Nasutitermes is reported to have two lines
of definitive workers, large and small, neither of which gives rise
to the other., lMymphs, which are immature individuals with wing pads
in the alate (reproductive) line, do not normally participate in
foraging, nest construction, stec., and should not be expected to be
encountered at these tasks.

The group that appeared to be lacking in the irradiated nests,
then, was not necessarily the nymphs, but the small worker group,
previously mistakenly called "rymphs”’. The basis for their apparant
absence is not understood. Since small workers coften glve rise to the
soldier caste, L.A. Burns has suggested {personal communication) that
perhaps & stress such as radiation (vesulting, perhaps, in loss of
reproductives) triggers the excessive development or soldiers Trom
amall workers thus ‘'using up" the latter. Perhaps this comes about
through lack of = pheromonal interaction with reproductives which
permits this excess of soldier formation beyond the ratio limits
usually characteristic of the species.

In possible support of this view is a termite colony from out-
side the experimental areas, studieu in July 1969. It was a nest in
relatively poor repalr and only moderately active, anl it was chosen
as one possibly in the early stages of abandorment. When it was found
to contain two empty royal chambers, cne in an older nest section and
encrusted with fungzl growth, and the other in the more recent and
active part of the nest. HNo royal pair, nor brood, were detected in
any part of the nest. A large nwber of white scoldiers were observed
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(the stage Just preceding the adult soldier stage) indicating a pos-
sible soldier flare. Ssmples of the inhabitants of this nest were
taken in order to compare the ratios of all types of individuals with
those for a normal nest containing a king and gueen, If it shows a
deficiency of small workers but an excess of scldiers and white
scldlers it may support the hypothesis that small workers may tend

to decline in favor of soldier increase in stressed nests on their
way, perhaps, to abandcmment. This comparison has not yet been made.

If any case, the Radiation Center is now comparable in termite
tunnel occupancy to that of the other two Centers. Careful searches
of the Centers ocut to 80 m should be conducted to document the proba-
ble re-invasion of colonies into the areas where nests have been
abandoned,
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POLYETHISM IN WORKERS OF NASUTITERMES COSTALIS (HOLMGREN)

1
Elizabeth A. McMahan

Polyethism within the termite worker caste, similar to that
reported for honey bees (ILindauer 1952, Ribbands 1952), bumble bees
(Free 1955), Halictid bees (Batra 196L) and ants (Weir 1958a,b) has
been suspected for years (Hegh 1922, Grassé and Noirot 1950, Kalshoven
1958), Its experimental investigaticn, however, has been recent
(Pasteels 1965, Howse 1968). In the Hymenoptera, worker job prefer-
ences have usually been assocclated with worker age, as well as with
colony need. This asscciatlion has alsc been indicated for termites.
Pasteels observed that in Nasutitermes lujae (family Termitidae)
(family Termitidese) older stage individuals of both the small and
the large worker lines more readily ventured outside the nest and
hence tended to be foragers. Howse, working with a species without
a definitive caste, Zootermopsis nevadensis (family Hodotermitidae),
reported that as the individual termite progressed from young larvsa
to nymph it tended to spend mcre time at coleny maintenance and less
in trophallaxis.

The present paper reports a behavicoral difference within the
worker caste of Nasutitermes costalis (Holmgren) similar to that
reported by Pasteels. Alsc a member of family Termitidae, this gpecies
has both large and small definitive workers which presumably represent
separate lines, neither giving rise to the other. In caste makeup
and development, N. costalis is assumed to be similar to N. arborum
described by Noirot 519555, to N. lujae described by Pasteels 21935),
and to other members of the genus. Workers in both the large and the
small lines are presumed to continue to molt and thereby to represent
at least three different age siages of large workers and at least two
age stages of small workers. In other species these stages have been
differentiated on the basis of pismentation, certain morphological
characteristics, and sex (Noirot 1955, Weesner 1965, Pastecls 1965).
Although no biometric studies were carried out with N. costalis, the
workers could be readily separated into the stages indicated, chiefly
on the basis of size and head pigmentation.

The study was carried out in August 1967 in a montane rain
forest in northeastern Puerto Rico at an altitude of about h50 m.
It grew out of an investigation of the effects on natural pepulations
of termites of gamma radiation from a 10,000-curie (s source exposed
in the rain forest for 93 days in the spring of 1965. It was part of
a large study sponsored by the Unites States Atomic Energy Commission
through the Puerto Rico Nuclear Center (Odum, 197C In press).

N. costalis nests of carton were abundant in the area and were
almost invariably on the ground. Normal nests, except when in the
process of expansion, had intact surfaces, at least over occupled
portions.

lUniversity of North Carolina, Chapel Hill, North Carolina
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Part of the radiation study involved comparison of speed of
nest repair in irradiated and non-irradiated colonies. When s small
hole was punched in a nest surface the immediate reaction of the
termites in the vicinity of the breach was a precipitous flight down-
ward into the interior of the nest of all except the soldiers (nasutes)
which, in contrast, rushed to the opening. Some of the soldiers
poured out over the nest surface, running erratically about with
snouts lifted. Gradually their activity subsided, and afier three or
four minutes, if no further disturbance was forthcoming, they re-
treated into the opening but stood ringing it, heads peinting outward.
No workers of any type were seen near the hole for about five minutes
from the time the breach was first made. Then one by one workers
would appear and begin to repair the hole by daubing fecal cement
(carten) on the broken margins.

It was soon noted that the termites which returned to begin
the task of closing the hole appeared almost always to be large
workers. This observation led to an attempt to obtain quantitative
evidence for this apparent behavioral difference between the members
of the two worker lines.

Series 1: Preliminary Tests of Nest Repair
Procedure

The first tests were carriad out on 9 different nests between
August 19 and Ausgust 23, 19€7. TFive had been within L4O-£80 meters of
the radiation source and four had been at distances greater than 80 m.
Nests closer than 40 m had all been abandoned by August 1967. DNone
were in the process of expansion when sampled.

Sampling, from an opening (1 cm in diameter) punched in the
nest surface, was madis with an aspirator having an intake tube 5 mm
in diameter and occurred within 10 minutes of the breaching disturbance,
After a number of repairing workers had congregated at the hole a
samplie was taken by placing the aspirator intake tube at the opening
and aspirating quickly all termites possible. Average aspiration time
for a single sample was two seconds; after this time only soldiers were
available, all workers having {led inward. Usually from 5 to 15 workers,
plus a greater number of soldiers, were captured in each sample. Aboub
10 separate samples, with intervais of about 10 minutes betlween were
taken at each nest,

Bach sampling disturbance set up the sequence of soldier-out-

pouring, graduste subsidence of soldier activity, and eventual emergence
of workers to begin repair.
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A11 termites aspirated from a single nest were preserved in a
separate vial of 70% alcohol and were later identified to type.

Results

Table 1 gives the sample composition by nest. The nests are
separated according to their distance from the radiation source,

The data indicate that although average numbers of all types
of termites captured at disturbed surfaces were slightly less for
nests in the irradiated than for those in the non-irradiated area,
percentages of scldiers, large workers, and small workers captured
were similar for the two., 1In both cases large workers (mostly third
stage) constituted about 90% of the workers captured. The low
percentage of small workers (and of first and second stage large
workers) at the breach implied a possible tendency for them not to
take a prominent part in nest repair.

Observations of spontaneous expansion of nests, however,
showed that small workers appeared to be as much involved in the
construction work as large workers, Therefore the hypothesis was
considered that large workers (mostly third stage) do most of the
surface repair work following disturbances, while both large and
small workers expanded the nest. Test series 2 tested this hypothesis.

Series 2: Expansion versus Repair
Procedure

These tests were conducted on August 26 and 27, 1967. They
involved 3 of the previous nests plus additional nests. Two were
sampled twice (on different days). All nests sampled were selected
because they were in the process of spontaneous expansion, with
workers working busily at openings they themselves had made in the
nest surface. Expansion holes, like the punched holes, averaged
about 1 em in diameter,

Without pricr disturbance, one quick (2 second) aspiration was
made at an expansion holes at a given nest. The workers were counted
immediately and preserved in a labelled vial, along with the simul-
taneously aspirated soldiers. An artificial hole was then punched on
the same nest, at least 6 inches from the expansion site. As fast as
workers appeared at this punched opening they were captured and
preserved, one by one, until a total had been reached approximately
equal to the number aspirated at the expansion hole. The aim was to
compare worker composition under the two sampling conditions.
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Table 1
Campariscn of Sample Composition of Texmites from Nests
in Irradiated and in Nonirradiated Aress {Series 1)

Neats from Irradiated Ares Nests from Nonirradisted Ares,
a b [+ 3 e f a b c & e £
W W W W, S W W W )
Jest '@ L2 Mmoo Yse  Ym Nest B M2 "w Ys2 m
33t 136 4] 0 2 1 227 L 85 & 1 g 3 205
12 93 2 0 L 9 152 & 126 o) 2 10 [ 187
16 60 10 2 8 B 175 10 192 8 o} 17 2 301
17 T 5 1 i 4 265 26 1e5 3 L 10 11 330
18 133 0 o o] 0 223
Total lge 17T 3 18 22 1042 Total 528 17 7 ke 2z 1083
Mean 98.4 3.4 0.6 3.6 L4 208.4 Mean 13z L.25  1L.75 11.5 5.5 270.T5
a d
"L3 Third stage large worker WSE Second stage small worker
bHL2 Second stage large worker ewSl Firet stage small worker
CHL]_ First stage large worker fS Soldler
Table 2. Comparison of Sample Composition of Termites Taken from Expansion
Holes and from Repair Holes without Delay {Series 2)

Sample No. of From Expansion Hole- Samrle No. of From Repair Holes
Viala RNests ‘Trgs Wi Wy Wgn Wg © Viels  Nests W, W, W, Wg, Wg  §
e [*] 27 15 8 20 2€ 135 1F G 93 S 1 <] 1 260
a8 10 L8 19 8 13 25 156 2R 10 117 2 Q Q 4 301
3E 3 11 a 10 12 28 61 iR 3 &6 b4 1 3 18 1hg
Le 3 8 b T 6 18 81 LR 3 42 0 0 2 o} 113
Total 94 L& 33 57 101 437 Total 218 11 2 2 [ 823

173 158 331 26

BTermite types as in Table 1.




Results

Table 2 presents the data. TFour sets of collecting vials were
used in the study and their data are given separately to show consgist-
ency of results. Vials 1E and 1R represent, of course, cne group of
9 nests; vials 2E and 2R represent another group of 10 nests, ete.

_ While nearly half the "expander" workers were of the small type,
only about 7% were of this type among the "repairers". There were,
in fact, smaller percentages of all types of workers at the repair hole=s
except for third stage large workers, which increased from 28% to 89%.
2oldier capture was also greater at repair holes, a predictable result
because of the continued disturbance there. At expansion sites, first
stage small workers exceeded in numbers evern third stage large workers.

The expansion site data and the similarity of worker composition
of the repair hole samples to that of the samples of Series 1 appeared
to support the hypothesis that small workers tended to expand nests
much more readily than to repair them. A more likely hypothesis, now-
ever, concerned the alacrity with which they emerged to commence nest
repair following a surface disturbance.

After one of the nests in Series 2 had been sampled it was
examined again more than an hour later. The artificlal hole was still
being repaired, and now small workers were seen to be much in evidence.
It appeared that they repaired nests as diligently as they expanded
them but were merely shyer than large workers about returning to a
disturbed area. A third test series explored this hypothesis,

Series 3: Delayed Repair
Procedure

This series (August 27 and 28, 1967) studied the effect of
waiting for 50 minutes or more after a oreaching disturbance before
making one quick (2 second) aspiration of the termites that had come
to make repairs. Ten nests were sampled,

Results

The total sample composition (Table 3) was similar to that of
the nest expansion sample (Table 2). The data show that large and
small workers participated in repair to a comparable degree when there
had been no surface disturbance for 50 minutes or more, Like the
expanzion data, they show that first stage small workers (wSl) were
as prominent as third stage large workers (WL3) in nest construction.
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Table 3. BSample Composition of Termites Taken from Repair
Holes 50 Minutes or More after a Disturbance.

No. of Termite Types
Nests 5,

Wiy W W3 Wgp o Wy S

10 26 11 10 7 26 161

L7 33

STermite types as in Table 1.

Table 4. Comparison of Proportion of Worker Types in a
Mature Colony with that of Workers FPartici-
pating in Disturbed and in Undisturbed
Nest Construction.

Worker Types

a
W1,3 WL W11 Wa2 Wg1 Total
Nest population 719 575 535 137 L1s 2381

30.24, 24,19  22.59 L,.89,  17.hq

Recently dis-

turbed 1338 45 L2 84 50 1529
construction 87.5% 2.9 0.8% 5.5% 3.3%
Non-disturbed 120 57 43 64 ie7 L11
construction 29.2% 13.9% 10.5% 15.6% 30.9%

& Termite types as in Table 1.
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Comparisons of Worker Types Engaged in Construction
with those in a Mature N. costalis Colony

Differences in proportions of worker types captured at both
aisturbed and undisturbed construction sites indicated that behavioral
differences existed. 1In order to evaluate properly the relative
participation of each type, however, knowledge of its respective number
in each of the colonies sampled would be desirable. These numbers are not
known, However, the entire population of another N. costalis nest from
the same general area was analyzed for colony composition. All the
termites from the nest were pocled in a large container of 70% alcohol,
and five independent samples, totaling 2381 workers (plus soldiers,
alates, and immature stages) were analyzed. Table 4 shows the average
percentage of each type of worker present in the nest. Standard devia-
tions for these data (using the arc sin method for transformation of
the percentage figures) did not exceed C.Z2 percent in any case. The
colony had been large and active, with a royal pair and brood, so its
population was assumed to be iypically constituted.

Table L compares the percentages of each of the worker types
found under the following three conditions: &) in the nest population
as a whole, b} participating in nest construction (repair) under
conditions of recent disturbance, and c¢) participating in nest construc-
tion (expansion and delayed repair) under conditions of non-disturbance.

Chi-square evaluations of the data, taking the frequency
distributions of two of the conditions at a time, gave highly signi-
ficant probabilities ( .0001) that the three sets of data are not
homogeneous. In other words, the data indicate that significant dif-
ferences in behavior relating to nest repasir were elicited from dif-
ferent termite types under the conditions of the tests.

Discussion

The data support those of Pasteels (1965) who ctudied trail-
laying in N. lujae. He found that older stages in both the large and
small worker lines were more venturesome than younger stages. The
nest construction data for N. costalis similarly showed that third
stage large workers (WL3) far exceeded all other workers in the
alacrity with which they arrived at a surface breach to begin repairs.
Although much fewer in number, second stage small workers (Ws2) were
next most venturesome. First stage large workers {W11) were especially
reluctant to carry out repairs.

The data also indicated a possible tendency toward "job preference”
that may be distinct from a difference in readiness to confront alarming
situvations. While Wr3 workers at undisturbed construction sites were
present in about the same percentage as their assumed number in the
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colony (30%), the other large worker stages (Wyp and Wr1) were present
to only about half their "expected" percentage. Both small worker
stages (Wg2 and Wg1), on the other hand, nearly doubled their "expected"
participation. This greater tendency of small workers, in the absence
of disturbing conditions, to participate in nest construction may be

an example of a true division of labor among termite workers.

Summary

A field study of colonies of Nasutitermes costalis in a montane
rain forest in Puerto Rico indicated that third stage large workers
returned much more readily to nest surfaces to make repairs following
a breaching disturbance than other worker types. Where no recent
disturbance had been (or was an hour past) small workers, constituting
(presumably) only about 249 of all workers in a nest, composed over
L6% of the workers collected at the construction site. These findings
are evidence of polyethism within the N. costalis worker caste.
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OCCURRENCE AND DISTRIBUTICN OF AQUATIC FUNGI IN THE
FEL VERDE FOREST: A PRELIMINARY REPORT!

Roland Seymour”

Introduction

Except for a report by Rossy-Valderrama (1956), the agquatic
fungal flora (Phycomycetes) of Puertc Ricc ig unknown. This report,
while describing three new taxs and extending the distribution records
of fifteen existing species, deait exclusively with terricolous forms.

Opportunity was afforied between November 10 and November 165
1969 of obtaining from the El Verde forest, collections of soil and
water which might yleld aquatic fungi. The results of this prelimi-
nary survey were indeed promising since out of 2 total of 2695 col-
lections, 226 isolates were obtained, vepresenting thus far 8 genera
ana 22 species. Since specific determinaticns have not yet been
possible in all the resuiting collections, a complete taxonomic
account will appear in a later report.

Materials and Methods

Techniques for collecting and isolating Phycomyceteous fungi
are well established (Johnson, 1956: Sparrow, 1960; Scott, 1961;
Seymour, 1970). Samples of wet and dry soil were collected in 35 ml.
polypropylene bottles and returned to the laboratory within three
hours of coliection. Approximately 10 g. wet weight of soil was
placed in a sterile Petri plate and covered with distilled water to
a depth of about 1 em. After the particulate matter had settled,
various baits (boiled halvesz of hemp seed, pleces of snake ckin,
shrimp skin, cockroach wing, aznd pine pollen) were added to each
culture., The gross culiures were incubated at 23-25°C., FHach piece
of bait was examined periodically with the aid of a compeouna micros-
cope after the third day of incubation.

Water samples were balted in the same manner, except that each
3% ml. sample was dilute with 10-15 mi. of distilled water before
baiting.

lContinuing study; financial support from the National Science
Foundation (Grant GB-13404) 1s acknowledged with gratitude.

gDepartment of Biclogy, University of Pittsburgh, Pittsburgh,
Pennsylvania.
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Collections of algae, Insect exuviae and submerged plant
debris (leaves, stems, fruits, seeds) were returned to the labora-
tory in sterile plastic bags and examined microscopically. After
examination the material was placed in individual Petri plates,
covered with distilled water, and allowed to incubate for 3-5 days.
The material was pericdically examined after the incubation period.

Since the primary objective of the survey was to obtain
living isolates of the Saprolegniaceae, no attempt was made to
isolate or culture other forms encountered. The Saprolegniaceae
specles were isolated and propagated in unifungal culture on hemp
seed and returned to the investigator's laboratory for future work.

Results and Discussion

Collections were made of wet soils from the edge of the Rio
Sonadora and from various streams and temporary pocls throughout
the forest. Scil samples were also taken from diverse ecological
habitats along paths, open areas, around roots of vegetation, under
mess and vegetation, and under forest litter. Tungl were found in
87 of the 110 collections made.

In addition, 35 soll samples were collected, air-dried,
packaged and returned to the investigator's laboratory for subsegquent
examination. All samples have ylelded species of aquatic fungi.

Water samples containing sediments and debris were taken
from the Rio Scnadora and from various streams and pools. A survey
for fungal substrates wasg also made at these locations. A few bits
of driftwood and submerged leaves were found, examined directly for
hyphomyceteous fungi, then incubated as previously described. This
material yielded no species of aquatic Hyphomycetes.

The river, streams, and pools were also carefully searched
for algae and insect exuviae. GCeveral species were detected fol-
lowing incubation of this material.

Inasmuch as no studies of aguatic fungi of the El1 Verde forest
have been made prior to the present one, no general conclusion may
yet be formed. There are, however, a few points of interest in con-
nection with this relatively small number of collections, although
the latfer cannot be considered to offer more than a fragmentary
picture of the regional flora. Little evidence has been found of a
large or unknown tropical fiora. On the other hand, a number of
genera are particularly well represented and call for intensive in-
vestigation in tropical laboratories. The lack of certain genera
(Allomlces, for example) common to tropical regions may perhaps be
attributed to the wetness of the socil. TFuture collections will un-
doubtedly yield many species suspected to occur in this region, but
which are as yet uncovered.
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SUImmary
Of the 265 collections of goil, water, and organic debris

made in the El Verde forest, £26 Isolates of aquatic fungi repre-
senting, thus far, 8 genera and 22 species were cobtained.
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RADIOTRACER STUDIES CF NUTRIENT CYCLING

Nellie Stark#¥

Abstract

Studies on the depth of efficient 32P uptake by second growth
and climax vegetation show that Cecropla peltata, the second growth
dominant tree species, is deep rooted and able to take up nutrients
from 1.0 M depth. GCuarea trichilicides, Dacryodes excelsa, Heliconia
sp., and Piper blattera are shallow rooted with feeder roots capable
of taking 3P Trom shallow depths. Youn% Slcanea berteriana and Manil-
kara nitida are deep rooted, absorbing 32p from 0.5 and 1.C M depth,
while near-mature specimens develop a surface feeder root system
capable of taking up nutrients from 0-6 cm depth. In studies of the
pathway of nutrient cycling using young saplings with myccrrhiza, it
was found that all tests with 29%e, 7°Se, and ©5Zn showed an initial
increase in the radiation level in leaves and roots during the first
month. Since rhizomorph was scarce during this rainy season, it is
possible that heavy rains leached the isotope from the litter or humus-
root mat. Collection of soll animals and fungi showed that these
agents are important in nutrient cycling on Puerto Rican latosols.
Increases in the radiation level of the humus was usually coincident
with increases in radiation level in the rocots, suggesting that the
humus is a main source of nutrients for surface roots. No pogitive
evidence for direct nutrient cycling on Puerte Rican latosols was
found.

Introduction

Studies by Went and Stark {1968a, b) described the direct
nutrient cyeling hypothesis which states that on the poorest soils
in the tropics, nutrients are removed from dead organic matter by
mycorrhizal fungl and are transported through rhizomorph tissue to
living roots, thus by-passing the soluble phase of nutrients in the
soil, Direct nutrient cycling is recognized as only one of several
possible nutrient cyecling pathways. It is thought to operate most
efficiently on white sand areas where the mineral soils are too poor
in most biologically important elements to support the lush rain
forest which grows there. In this type of rain forest, the bulk of
biologically important elements is held in the organic phase of the
ecosystem, and nutrient transfer appears to be from dead organic
litter to living rocts (direct), rather than from the soil solution
to roots (indirect).

*Desert Research Institute, Univ. of Nevada System, Reno, Nevada
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IT direct nutrient cycling is functioning, then much of the
uptake of elements must be from the litter or upper 1-3 cm of soil.
Ubgervations suggest that direct nutrient cycling may occur in many
other ecosystems in a modified form. Other pathways of nutrient
cycling include breakdown by soil animals, bacteria, and free-living
01l fungi, with uptake from the humus or scil soluticn.

To test the hypothesis, radicactive tracers have been used in
greenhouse stulies of potted plants at the Desert Research Institute
in Reno, Nevada, with field extensions of this work at the Puerto
Rico Nuclear Center.

The Puertc Rico studies were primarily field tests of the
greenhouse methods, with modifications designed for the specific
field problems. One test defined the depth from which nutrients
are teken up from the scil by the roots of second growth and climax
vegetation at El Verde. The other tested methods to describe the
pathvays of mutrient cycling which predominate on the lateoscls at
El Verde.

The objectives of this work were Lo test the use of tracers
in tying soil organisms into nutrient cycling; to test the depth of
nutrient uptake by second growth and climax vegetation; and to
describe the pathways of nutrient cycling in climax vegetaticn on
latosols.

Methods

Depth of Nutrient Uptake

Two plots were established in the climax forest at Fl Verde.
One had a large number of young individuals of the c¢limax forest
species, and the other had nearly mature individuals whose leaves
could be reached from a tower. A third plot was established in
second - growth where leaves could be easily reached.

Six to eight similar individuals of several species were
marked in each plot wherever possible. Two plants of each species
received 52P at 0-3 cm, two at 0.5 M, and two at 1 M. Two additicnal
plants received no isotope {controls). The rockiness of the soil
prevented the introduction of 2P at depthe greater than 1 M. The
Plants were as near in height and vigor as possible, although in
some cases, it was impossible to find 8 individuals of one species
within the fenced area for treatment. The species used are listed
in Table 1 by plots with the depth of treatment.
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Table 1. Depths, and highest counts for most effective 32p upteke by
second growth and climax plants on Puerto Rican latosols, El Verde.

Species Depth (M) Highest cpm/g*

Young Climax Plants

Futerpe glcbosa 0.03 2,600
1.0 2,680
Guarea trichilioides 0.03 3,024
1t 416
Manilkara nitids 0.03 O
1.0 Lhg
Sloanea berterisna 0.03 0
0.5 596
1.0 1,999
Near Mature Climax Plants
Dacryodes excelsa 0.03 587
1.0 0
1.5 0
Manilkars nitida 0.03 1,57k
1.0 49
Sloanea berteriana 0.03 309
1.0 0
Second Growth Plants
Cecropia peltata 0,03 0
1.0 1,389
Heliconia sp. 0.03 2,753
B, 5 1,769
1.0 0
Piper blattera 0.03 6,517
1.0 1,321

*Corrected for background
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The initial level of radiation in the vegetation was szmpled
on all test plants using a cork borer and a rubber cork for backing.
The cork borer was the same dismeter as the planchet used in the bets
counter so that the geometry of the samples was kept constant.

A soil auger was used to dig holes of known depth for the
introduction of the isotope. A piece of ngon tubing 2 em i.d.
wag Inserted in the hole. The dosage of 3 P, 46 Ci, was pre-measured
in 10 ml of water in plastic bottles, so that one bettle represented
a single dose. The isotope solution was poured intc a fumnnel inserted
in the top of the Tygon tubing and ancther 10 ml of plain water fol-
lowed the isotope to rinsce the tubing. The *tubing was allowed to
drain for 15 minutes before being removed from the hole. The 0.03 M
treatment was applied by sprinkling the solution over an area of 1 dm
after remcving the litter. The large trees received 140 Ci of 3%p
applied at several places at the same depth in the soil.

Samples of new and old leaf tissue were removed daily from
the trees and adjecent vegetation using the cork borer technigue and
counted on a beta counter for each of 20 days after the application
of the isotope. The average counts per minute were expressed as cpm/g.
In a few cases, it was possible to obtain enough fungal and root tissue
and scil for 3éP detection. Rocts of the species tested were examined
microscopically for types of mycorrhiza.

Nutrient Pathways

The second set of tests used TSSe, 65Zn, and 59Fe to label
Living plant materisl. Seedlings and fresh leaves were placed with
thelr roots or petioles in 2 liters of 100 Ci of the aerated isotope
solution in a plastic tray with the rest of the gseedling or leaf sup-
ported in an upright position by the openings of chicken wire screens
(technique develaped by Dr. C. Jordan). Aeration of the isotope
solution facilitated nutrient uptake. The material was exposed to
the isotope solution for 24 hours.

In one test, the root mat with humus from the Torest floor
was cut into segments € x 3 dm and rolled up. The rolled root mat
was wrapped in paper towels and tied with string. The roll was
lowered into the aerated isotope solution (T55e op 99¥%s) ‘on chicken

wvire and left for 24 hours. At the end of the feeding period, the
chicken wire was raised ani the leaf bases, mat, or seedlings were
allowed to drain for several hours. When the ligquid had dried from
the plant surfaces, the material was removed from the chicken wire
using plastic gloves and was placed in marked plastic bags. The
inexpensive apparatus used in feeding was disposed of at the
cempletion of the feeding.
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The leaves, rcot mat, or cut-up seedlings were taken to the
field and placed over the root systems of seedlings and saplings
(to 1 M high) which were known tc have mycorrhiza. Data were not
taken by tree species, but the plots contained Rourea glabra, Slo-
anes, berteriana, Manilkara nitida, Euterpe globosa and Dacryodes
excelsa. For 5 months, samples of roots, soil, hyphae cr rhizomorph
insects, leaves and litter were collected from each plot twice
monthly for counting on a LOOQ-channel gamma counter. Samples were
taken once a month beginning in September. The results were expres-
sed as cpm/g (dry weight) of tissue.

~

Soil animals from 1 dm” were collected once a month using
a Tullgreen funnel.

Results and Discussion

Depth of Nutrient Uptake

The plants studied were not actively producing new leaves in
early April, except for Heliconia and Cecropia. By late April, most
of the trees had begun new growth, so that counts taken in late April
cn young leaf tissue showed good levels of 32P, whereas counts in
early April which had to be made on clder leaf tissue showed no 32p,
This isotope was used because phosphorus is readily tsken up by rootis
if the plants are physiologically active and growing. Table 1 shows
that Guares trichilioides, Heliconisz sp., Piper blattera, mature
Manilkara nitida and Dacryodes excelsa have shallow roots capable of
teking up S2P which is in the upper 0.03-0.06 M of scil. Soil taken
from 0.1 M beneath the 1 dm© areas where the isotope had been applied
showed no 3P, The 9P must have been bonded on soil colloids so
that it was not leached downward by rain. The total rainfall or the
20 days of study was 9.1 cm in the young climax forest, 6.4 cm in the
near mature forest, and 20.5 cm in the second growth plot. High counts
of 32P were found in soil at 0.03-0.05 M and in roots and rhizomorph
tissue in all plots.

Young Manilkara nitida ani Sloanea berteriana absorbed 32P
most efficiently from intermediate depths, 0.5 to L.0 M (Table 1).
Futerpe globosa and Piper blattera were efficient in 3ep uptake at
0.02 and 1.0 M suggesting a root system with access to a large soll
volume, Cecropia peltata appeared to be deep roocted, taking up 32p
from 1.0 M only.

The depth of uptske shown by these data corresponds generally
with what is known about the root systems. Cecropla peltata appears
to have deep, penetrating rcots, and mycorrhiza have been found on
this species. It is possible that indirect nutrient cycling occurs
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in Cecropla, some species of which are known to concentrate bio-
logically essential elements on poor soils {Stark, in press). Daw
crycdes excelsa typically formz a surface roct mat and has sbundant
mycorrhiza, suggesting that direct nutrient cycling could occur,
Pungal tissue from ome meter awdy Irom the treated zones on the soil
surface showed high levels of 2P 10 lays after treatment. This
suggests that the fungal tissue was eonducting 32 P, although it was
Impossible to establish that the fungal ticssue in question wae 1n
living contact with root cells.

2loanea and Manilkara saplings were most efficient at taking
up 32P from the 0.5 and 1.0 ¥ levels in the scil. Near mature
2lcenes and Manilkara were most efficient at 3€r¢ uptake from 0,03 M,
suggesting that this species changes in rooting habit and mode of
nutrient uptake with age. Excavation shows that young Sloanea and
Manilkara trees have deep roots going into the soil. As the trees
mature, they develop a surface feeder root system which appears to
obtain nutrients from the litter azn. upper few centimeters of soil.

Roots of all test plants from 0.03 I showed very high counts
for 32P Becausze of the irregular geometry of roots, fungus, and
solls, quantitative data cannot be given for theze parts of the
ecosystem. However, detectian cof 32D was easy, indicating that 3ep
was present in all three materiaie. Adjacent weeds ani other trees
took up 2p from 0,03 M only, indicating that there is an extensive
intermixing of roote, especially st the surface.

The technigues used for introdwcing the isotope can be
improved by adding smaller dosages of isotope at different peints
around the plant being studied. In one case, an isotope introduced
at one point near a Didymopansx morototoni never showed up in the
legvez. The isotepe may well have been introduced where there were
no roots, or rcots of another plant. Althoush the method involves
some problems, it is most useful in stuiying rcoting habit and 32p
uptake if extensive sgampling is possible ond if the plants are
growing. The data from this study confirm the theory that Cecropia
is deep rooted and taps o larse wvolume of acil (Stark, in pressi

Nutrient Pathway

I'igure 1 shows that 2%re moved quickly into the roots and
leaves from labelied litter, but almost no 29Fe occurred in the soil
until a month after the labeliel litter was applied. The isctope
moved intc the humus and 0-7 om soil about & meonth sfter the lsbelled
litter was placed on the soll. The ens of April until early June was
a rainy period when the movement of isotope by leaching was possible.
Since the period was very rainy, fungus growth was slow and it was not
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in Cecropia, some species of which
logically essential elements on po soils {Stark, in press). Da-
crycdes excelsa typically forms a surface root mat and has abundant
mycorrhiza, suggesting that direct nutrient cycliing could cccur.
Ffungal tissue from one meter away from the treated zones on the soil

are known to concentrate tio-
or
s
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surface showed high levels of 2P 10 days after greatment. This
suggests that the funzal tissue was conducting “P, although it was
impossible to establish that the fungal tiszsue in question was in
living contact with root cells.

Sloanea and Manilkara saplings were most efficient at taking
up 32F from the 0.5 and 1.0 M levels in the soil. Near mature
Sloanea and Manilkara were most efficlent at 2P uptake from 0.03 M,
suggesting that this specles changes in rooting hatit and mode of
nutrient uptake with age. Excevation showes that young Sloanea and
Manilkara trees have deep roots golng into the soil. As the trees
mature, they develop a surface feeder root system which appears to
cbtain nutrientz from the litter ani uvper few centimeters ot coil.

Roots of all test plants from 0.03 M showed very high counts
for 32P. Because of the irregular geometry of roots, fungus, and
soils, guantitative data cannot be given for these parts of the
ecosystem. However, detection of 32P was easy, indicating that 3°p
was present in all three materials, Adjacernt weeds and other trees
took up 32P from 0.05 M only, indicating that there is an extensive
intermixing of roots, especially st the surface.

The techniques used for introducing the isotope can be
improved by adding smaller dosages of isctope at different pcints
arcund the plant being studied. In one case, an isotope introduced
at one point near & Didymopanax morototoni never showed up in the
leaves, The 1lsotope may well have been introduced where there were
no roots, or rcots of another plant. Althouzh the method involves
some problems, it is most useful in studying rootine habit and 3ep
uptake i extensive sampling is possible ani if the plants are
growing. The datz from this study confirm the theory that Cecropia
ig deep rooted and taps a large volume of soil (Stark, in press).

Mutrient Pathway

Tigure 1 shows that 59Fe moved guickly into the roots and
leaves from labelled litter, but zlmuost no 29Fe occurred in the soil
until a month after the labelled litter was applied. The isoctope
moved into the humus and 0-2 c¢m 30il gbout = month after the labelled
litter was placed on the soil. The end of April until early June was
a ralny period when the movement of isotope by leaching was possible.
Since the period was very rainy, fungus growth was slow and it was not
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Fig. 1. Monthly or bi-monthly radiation levels in seedling leaves, litter, humus, roots and 0-3 cm
soil in plots treated with 59Fe labelled litter at El Verde, Puerto Rico.
No P9Fe was found at 10 em in the soil.
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Fig. 2.- Monthly or bi-monthly radiation levels in seedling leaves, mat, roots, and 0-3 em soil in plots
treated with 59Fe labelled humus-root mat at El Verde, Puerte Rico.

No. 39Fe was found at 10 em in the soil. Mat* humus.
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bossible to find rhizomorph tissue for counting. Zecause no 29Fe
oceurred in the soil for over o month, the isotope must have entered
the leaves from the organic litter, but because rhizomorph tissue
was not present in guantities sultable for counting, there 1s no
proof that direct nutrient cycling was taking place, The data show
that 59Fe moved into the roots and leaves, but they do not show what
pathway was taken, i.e., free-livins fungi and bacteria, soil animals,
or mycorrhiza. Heavy rains may have leached encugh °9Fe from the
dead litter so that the roots had =ccess to surface water with 59Fe.
The level of 29Fe in roots ani leave:s decreased after the first
menth, while the 29Fe content of the soil increased slightly through
mid-July.

The humus increszsed in nge for zeveral months as the isotope
vwas released from the litter, and then graiually decressed. The
increase in 29Fe in the hurmis curing July and August is probably the
results of a concentration of the izotope from the decomposition of
carbohydrates {(i.e. loss of dry matter and conversion of litter to
humus). The litter showed = re tuction while the humus increased
slightly in activity suggesting the conversion of litter to humus.
Because the leaves did not increase in “?Fe after the first month,
we can conclude that little “9Te was transported Trom the roots to
the leaves, and that the rocts were not transporting 9Fe from the
litter, soil, or humus in significant quantities. The leaves were
not growing during this time and new growth 4id not appear, except
for a small amount in mid-June, which may explain the failure of
the leaves to tszke up more 9JFe, Tt is significant that -9Fe never
appeared at 15 cm in the soi! in October as did the T5Se in the
companion tests, indicating that this soiil is efficient at bonding
and holding 59Fe ageinat leaching. The isotope was not moved into
old leaves in significant amounts.

The pattern of 59Fe novement from the labelled humus-root
mat was very similar to that from labelled litter except that the
young leaves and roots showed o more uarked increase in the lzotope
in mid-June in the mat tezots (Figure 2). This increase coincides
with pericds of heavy rains, although the rain may not explain the
root behavior. Since the movement of “IFe cut of the hums-root
mat and out of litter was not cbviocusly different, we can assume
that this isotope moves Trom both media to roots via similar path-
ways. The data suggest that rcots cen obtain 59Fe more readily
from the humis mat than fronm litter, which defines a pathway of
nutrient eyeling involving free-living fungi, bacteria, and animals
rather than mycorrhiza.

Young leaves showed o high level of 758@ in early May when

new leaves were appearing, but older leaves never showed significant
levels of 798¢ in the litter plot (Figure 3). The young leaves
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Fig. 4 - Monthly or bi-monthly radiation levels in seedling leaves, mat, roots, and 0-3 em
soil in plots treated with 758 labeiled humus-root mat at El Verde, Puerto Rico.
The top scale represents the radiation level of the humus-root mat.
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showed a second increase in
mid-June as with 29Fe (mat).
phenomenon,

Ly oand mit-August, not in
guod explangtion for this

(A Ty g i .
The rcots of the zeedlings el in '“Ze during the first

month, and then decreased maruedly. From July © on, they increased
in the level of 17Se again. This Iustuation conli resurt from either
sampling error or some phencnenon roct met abuL"W. It is possible
that the isctope was released from litter and taken up in pulses
gince similar fluctuations occurve? in the “9Fe root studies. The
level of (2ge gradually increasel ot oo in the goil, but no
significant amount of isctope reached 1% om deptn in the soil. The
humus increased in the amount of 1L I whiie the litter terded to
decrease in radicactivity, as woul’ Unfoxrtunately,

it is difficult to get a uniform 1 litter ¢u that minor
fluctuations may be dus to initizl TTerences in level of labelling,
in spite of subsampling

(’J
[

June 21l Augmist showed high

Soll animals collecte: in ew:
b were very ‘mpor*qn* in breuking

levels of T58e suggesting that
down litter in thiz habitat.
there was nc way of ascertaini
or myccrrhizal.

The results from the sugnest that this isotope moved
from the litter to scil fungi il animales in the upper soil lgyer
(0-3 em) and that uptake occurred in this lasyer (0-7 cm and humus).
Nothing can be salid about uptake of thlz ilsnicpe by deep rocots because
the isotope 4id not move into the deeper =51l which is a heavy clay
with restricted drainage. Hizh levels of TOCe in the roots during
August-Nov. must have come from the hwmus v scill since the litter
had almost no T28e. This pattern T restricted movement of isotopes
was found for tritium in these soils (¥line and Joraan 1968).

Nl
1

When T58e was applied ir the huwnis-t azlmost nc isctope

appeared in either the yvoung ol denvesn

The roots and 0-3 om soii ~Se at much the same
rate, with more radiocsctivity ente: the first two months
than occurred with labelled .itter. This suug s n leaching of To8e
from the humus-root mat by rain., Previcuely, i was thought that much
uptake of nutrients occurred in this hww:s layer, aithough these data
cnly partly support that view for Lhe menthg of April through November.
Since the rootes and soll became hegvily lobelled at the same time (mid-
June and early September), this gugsests that uptake of (e was from
the 0-3 com soil or the mat &1reﬂt1y and net from litter in this case.
Since the mat was already partly decayed, the release of materials into
the soll was more rapid than with Litter. The stuiy is complicated by
the fact that the seedlings anl saplings were small and heavily shaded




go that they were not able to put con repid growth. Even +hen TSSe
was applied in the humus-root mat, no isotope appeared at 15 cwm.
In September, the rcots in the 755e from the mat and uptake by the
roots (Fig. 4).

None of the control ieaves, roots, litter or scil showed
gignificant levels of 59Fe, 75Se, S5Zn.

The 657n tests were designed to get arcund the problem of slow
growth. The plants used in this test were 8 species of local tree
geedlings planted in poor sand with a surface organic layer. The
seedlings were under 3 dm high and were grown in plastic-lined galvani-
zed tanks in semi-shade. These plants showed the same initial lncrease
in 65Zn in the leaves during the first month after application of the
labelled litter as did the %5Se and °9Fe tests (Fig. 5). The roots of
the seedlings and the 0-3 cm soll both increased siightly in 5Zn for
two months, and then decreased. By August 1, there was considerable
657Zn in the 0-3 cm soil but little in the roots. No humus appeared
in the first few months, so that it could not be measured. The litter
gradually decreased in é5Zn.

The isotope 65Zn was applied to plant surfaces as well as
taken up internslly. I found that leaves, rcots, and soll in plots
treated with externally apglied 6571 were higher in this element than
were those in plots where zn was applied internally. This pattern
persisted throughout the tests. Apparently 652n can be leached from
plant surfaces and is then available for uptake, while leaching of
internal 657n appeared to be insignificant.

Since zinc is needed in small amounts by plants, and since it
is poorly transported, it is not unusual that it did not occur in the
leaves in grest guantity. Roots normally concentrate zine, and it is
surprising that ©5Zn did not become more sbundant in the roots than
it did. The roots showed a slight increase in 65Zn on September 8
following the high levels of this isotope in the soil. Eampling in
small containers tends to disturb the roots and may well do sericus
harm to nutrient ¢ycling pathways. The seedlingg did not put on asg
much new growth as was expected.

This technigue of situdying nutrient cycling requires that the
scientist be continually resident in the field. BSince this was not
possible in the present study, some information was lost. Every
modification of weather and every chance in plant metabolism will
effect the ultimate results of this type of study. ©Some of the
variability in this study resulting from sampling error can be over-
come by wider sampling and more compositing of samples.

One major problem which should be studled is the effect of
physiological activity of the plants on isotope upteke. Both of the
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Fig. 5. Monthly or bi-monthly radiation levels in seedlingsleaves,
litter, roots, and 0-3 cm soil for plots tregted with 7n

labelled litter at El Verde, Puerto Rico.
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studies reported here were limited by the failure of the plants to

grovw, Studies are needed which determine whether photosynthecsis,

root metabolism, or the rate of movement of the transpiration stream,
or some other physioclogical process will best coincide with isctope
uptake. The behavior of different physiclogical conditions of the

tree would be helpful in defining which isotope toc use and when.
Unfortunately, most of the studies on isotope uptake have use rapidly
growing greenhouse plants or temperate plants during the growing season.
The periodicity of growth in the tropics is not well understood.
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grow. Studies arve needed which determine whether photosynthesis,

root metabolism, or the rate of movement of the transpiration stream,

or scme other physiological process will best colncide with isotope
uptake, The behavior of different physiological conditions of the

tree would be helpful in defining which isotcpe to use and when.
Unfortunately, most of the studles on isctope uptake have use rapidly
growing greenhouse plants or temperate plants during the growing season.
The periodicity of growth in the troplces is not well understood.
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