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ABSTRACT

Phenological patterns have agreat influence on community ecology. | have quantified
fruit abundance using fruit traps, phenol ogical transects, and observations on marked
trees of selected species. All methods showed the main peaks of fleshy fruit
production between the dry period and the middle of the rainy season. Wind, water,
and mechanically dispersed seeds showed a peak of production at the dry period.
According to the number of individuals on transects, flower abundance showed
predominantly two peaks, one at the end of the rainy period and one in the dry
period. This pattern was positively correlated with solar irradiance estimates and
differences between maximum and minimum temperatures, which tend to occur on
dry dayswhen the activity and abundance of pollinating insects seemed to be high.
There was also a good correlation between relative day length and the density of
flowering individuals, which suggest that this variable could trigger flowering
patterns. Although many species|ose their leavesin the dry period, the production
of new leaves does not seem to be associated with any particular season. | used a
new method to quantify fruit production for each species (in kg/ha), based on
phenological transects, corrected visual estimates, and dry fruit weights. The mature
forest produced more fruits than the other forests, and the flooded forest showed
lessfruit production during the dry season and the beginning of therainy period. In
contrast, average density of fruiting treeswassimilar or dightly greater in the flooded
foreststhanin terra-firmeforests during the middle part of therainy period. Finally,
| estimated how long the transects should be in order to get adequate estimates of
fruit production, and | found that in general at least 7 km are necessary to get good
estimatesfor terrafirmeforestsat Tinigua.

K ey wor ds. Flowering, fruiting, leafing, methodol ogy, plant phenology, TiniguaPark.

RESUMEN

Los patrones fenoldgicos de las plantas tienen gran influencia en la ecologia de
comunidades. He cuantificado patrones fenol 6gicos usando trampas, transectos, y
observaciones de individuos marcados. La mayor produccién de frutos carnosos
ocurre entrelaépocasecay lamitad del periodo lluvioso. Las semillas dispersadas
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por viento, agua 0 mecanicamente mostraron picos de produccion en la estacion
seca. La produccioén de flores suele mostrar dos picos, uno a fina del periodo
[luviosoy otro en laestacion seca. Estos picos estén correl acionados con estimativos
deradiacion solar y con lasdiferenciasdiarias detemperatura, quetienden aocurrir
en dias secos cuando la actividad y abundancia de insectos polinizadores es mayor.
Hay unabuenacorrelacion entrelalongitud relativadel diay ladensidad de plantas
conflor, lo que sugiere que estavariable puede ser el agente que disparalafloracion
en muchas especies. Aungue muchas especies pierden sus hojas en €l periodo seco,
no se encontrd un patrén estacional en la produccién de hojas jévenes. Utilicé un
nuevo método para cuantificar la produccion de frutos, basado en transectos,
estimativos visuales corregidos y € peso seco de los frutos. El bosque maduro
produjo mas fruta que otros tipos de bosque, y €l bosgue del plano de inundacién
mostré menor produccion enlaépocasecay € comienzo delalluviosa. En contraste,
la densidad media de plantas fructificadas fue similar o ligeramente mayor en los
bosques inundables que en los de tierra firme haciala mitad del periodo Iluvioso.
Finalmente, estimé que tan largos deben ser | ostransectos para obtener unamuestra
adecuada de produccion de frutos, y encontré en general que son necesarios a
menos 7 km paralos bosques detierrafirme del Parque Tinigua.

Palabras clave. Fenologia, métodos fenol6gicos, Parque Tinigua (Colombia),
abundancia de flores, frutosy hojas.

INTRODUCTION

Plant phenological patterns vary in time and
space, and particularly fruit and seed
abundance may show large variations (e.g.
Herrera1998). Climatic and biotic factorsthat
might trigger and impose sel ective pressures
on phenological phases are still a matter of
discussion (Corlett & LaFrankie 1998, Curran
& Leighton 2000, Sakai et al. 1999, Wich &
Van Schaik 2000, Wright 1994, Wright 1995).
Althoughitisdifficult to control thesefactors
experimentally (e.g. climate), especidly &t large
spatial scales, it has been possible to modify
some of them to test predictions about the
importance of different factors on
phenological patterns (e.g. water
augmentation asin Augspurger 1982, Wright
1991). Phenological patterns have wide
ecological implications on the responses of
theanimal sthat feed on plantsand, therefore,
arethefocus of many ecological studies. Fruit
abundanceisusually an important parameter
associated with the behavior of frugivores
(Fuentes 1992, Hill & Agetsuma 1995, Koenig
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1997, Loiselle& Blake 1991, Overdorff 1993,
Peres1994b, Terborgh 1983, Tutinet al. 1997,
van Schaik et al. 1993, Curran & Leighton 2000,
Kaplin et al. 1998, Knott 1998, Mandujano
1999, Renton 2001, Stevenson et al. 20004,
Wrangham et al. 1998, Wright et al. 1999). For
example, at least onediet category washighly
correlated with estimates of ripe fruit
abundance in four primate species studied at
Tinigua (Stevenson et al. 2000a), suggesting
that their diets depend on fruit production
patterns.

The relevance of phenological studies and
the need for gathering comparative
information on theses topics have promoted
research on methodol ogiesfor describing and
measuring phenological patterns (Chapman
etal. 1992, Chapman et al. 1994, Hemingway
& Overdorff 1999, Newstrom et al. 1994,
Stevenson et al. 1998, Zhang & Wang 1995).
For example, fruit abundance has been
quantified using fruit traps, phenological
transects, and area-based samples (Blake et
al. 1990). Fruit traps allow to obtain



quantitative information on fruit production
in standard units (i.e. mass.area’.time?).
However, it measuresaresidual quantity that
is not consumed by frugivores (Terborgh
1983).

In some cases, it is possible to estimate the
actual number of fruitsthat could have fallen
in the traps, when other fruit parts or
receptacles that are not consumed by the
frugivores also fall into the traps (e.g.
Stevenson 2002). However, thismethod isalso
highly dependent on trap location (Stevenson
et al. 1998) and therefore, alarge number of
traps is needed to detect species-specific
patterns of production, especially in diverse
communities. Furthermore, trap design may
affect results, particularly when fruit removal
fromtrapsisnot prevented (Kollmann & Goetze
1998, Zhang & Wang 1995), and trap
monitoring is usually more time consuming
than alternative methods, especialy if results
are presented in terms of dry mass. Based on
the reasons already mentioned, in former
studies, we have recommended the use of
phenological transectsto assessrelative fruit
abundance (Stevenson et al. 1998).

The method of phenological transects has
been considered to be adequate for detecting
production even of scarce species, which
other methods are unable to detect
(Hemingway & Overdorff 1999). Thismethod
can also give quantitative information if
relative production of individual fruiting trees
can be estimated (Janson & Chapman 1999).
Fruit production obtained through the
transect method can be estimated based on
visual quantification of fruits onthetrees, on
tree measurements such as diameter at breast
height (DBH) and/or crown volume. These
estimates have been reported to be correlated
with fruit production of some plant species
(Chapman et al. 1992, Hubbell 1980, Leighton
& Leighton 1982). Direct countsare known to
be an efficient method to quantify crops of
large-fruited species. However, large inter-
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observer variation occurswhen counting small
fruits, aswell as the probability of assigning
inaccurate estimates increases (Chapman et
al. 1992).

This manuscript hasthree specific objectives:
1) To show the generd patternsof fruit, flower,
and leaf production in aterrafirme forest in
Colombia, using different techniques, and to
relate the patterns to climatic variables such
asrainfall, temperature, and cloudiness. 2) To
describe a new method to estimate fruit
production based on phenological transects,
and to compare this method to alternative
waysfor ng fruit abundance. 3) Finally,
based on an extensive sampling effort mode
during the period of high fruit abundance to
assess the sample size necessary for
phenological transects. | addressed the
following questions regarding this particular
sampling unit: A) how much sampling effort
will be needed to sampledl fruiting speciesin
the community? B) what minimum transect
distance will be required to get a relatively
constant estimate of fruit productioninterms
of the number of fruiting trees’lkm and the
basal area of plants producing fruits?, and C)
what isthe minimum sampling effort to assess
therelative contribution of the most important
plant species producing fruit? In spite of the
importance of fruit abundance estimates, very
few studies have focused on the sampling
effort necessary to get a consistent
phenological pattern. The fina part of this
paper wasintended to provide answersto that
particular concern when considering alowland
forest and focusing on animal dispersed fruits,
which have been strongly associated with
community structure in Neotropical forests
(e.g. Stevenson 2001).

METHODS
SudyArea
This study took placein atropical rain forest
ontheeastern border of TiniguaNational Park

west of La Macarena Mountains. The study
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siteislocated on thewest margin of Rio Duda
(2°40'N, 74°10'W, 350-400melev.) a the CIEM
(Centro de Investigaciones Ecolégicas La
Macarena), Departamento del Meta, western
Amazonia, Colombia(Stevenson et al. 1994).
The soils in the study area have different
geologicd origins(Botero 1998). Theflat forms
along DudaRiver wereformed very recently in
the Hol ocene by the accumul ation of sediments
in the usual dynamics of white water
meandering rivers(Terborgh 1983). These soils
arericher in nutrients than in the non-flooded
areas. The soils on the high terraces have a
complex origin, with some componentsformed
during the Tertiary period and others in the
early Quaternary period (Botero 1998). These
soils correspond mainly to Plio-Pleistocene
alluvia soils that have been subject to recent
tectonic fractures which have produced the
differences in height between the river level
and the hill crests of up to 65 m (Hirabucki
1990). These plates have been subject to
erosion by water, forming meandering brooks
and narrow canyons that are the cause of the
undulating topography typica of theterrafirme
forests. These sedimentary soils were
deposited mainly from periods of the latest
Andean uplift, sothat they arerelatively young
and morefertilethanthetypica soilsin centra
Amazon basin (Botero 1998)

Five major forest types have been defined in
the areawithin two major landscape units, the
upland non-flooded forests and the forest on
flood plains (Stevenson 2002). Non-flooded
aress. 1). Matureforest, localized on hill ridges,
with high and somehow continuous canopy
and 2) open-degraded forest, localized on
erosion fronts, small valleys and brooklets
and characterized by adiscontinuous canopy
and a thick understory. Flood plains: 1)
Riparian forest, which islocated on recently
formed beaches and dominated by Tessaria
integrifolia (Asteraceae), Cecropia
membranacea saplings and several
graminoids. This forest type is known to
change along a succession to constitute the
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other two plant communities. 2) Flooded forest
onraised bars, which flood only on occasional
years. This type is dominated by Guarea
guidonia and Cecropia membranacea trees,
and theunderstory includesavariety of plants
including species of the mature forests and
large herbs such as Heliconia episcopalis. 3)
Flooded forest on low basins, on low-lying
areas subject to annua flooding. The trees
Laetia corymbulosa and Luehea cf. tessmannii
dominate the tree community, and Heliconia
marginata dominates the understory.
Rainfall is seasond in the region, with a 2-3
month dry period occurring between December
and March. Average annual precipitation at
Paujil during the three study years when the
density data was taken was 2782 mm. Mean
climaticrecordsareshowninFig. 1.

Phenological M ethods
Phenological transects

We censused a total of 5598 m of transects
twiceamonth during threeyearly cycles(April
1990—March 1991, August 1996 —July 1997,
and February 2000 — January 2001). We
identified all woody plants (trees, treelets, and
lianas) bearing ripe endozoochoric fruits in
the transect and we measured the DBH of
each (> 5cm) projecting its fruiting crown
above the twelve phenological transects
(about 450 m each), which werelocated along
trails. Transectswerelocated in thethreemain
forest types (mature, open-degraded, and
flooded forests) and in similar proportion of
their abundance (6, 4 and 2 transects
respectively). We used the number of fruiting
plants and the basal area of trees as measures
of fruit abundance. Basal area has been used
to estimate of fruit abundance because it has
been shown that largetrees produce morefruit
than small ones (Chapman et al. 1992).
Therefore, fruit production was assumed to
be proportional to the basal area of fruiting
treesintransects. Sincemost individual plants
bore fruit for more than one consecutive
biweekly period, its production was divided



among all sampling episodes when the plant
had ripe fruits, and the division was not
homogeneous because fruit production tends
to peak at the middle of the crop duration. We
calculated community-wide fruit production
for each period as the sum of the fraction of
the basal areas of all the trees fruiting during
that period, assuming a triangular fruit
production pattern for each tree (see
Stevenson et al. 1994), wherefruit production
of each plant wasassumed toincreaselinearly
until the midpoint of the crop duration and
then decreaselinearly inasymmetrical fashion,
and the maximum production (the height of
the triangle) was kept constant at the same
scaleas one biweekly period unit. Lianaswere
not included in the analysis using basal area,
but were included to estimate the density of
fruiting plants.

For the second and third years, | also
estimated the number of individuals bearing
wind, water, and mechanically dispersed fruits
and seeds on the transects, as well as the
number of plantswith open flowers (including
trees with DBH>5cm and vines with
DBH>2cm). In some cases, for example for
vines, it was difficult to distinguish the seed
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shadows originated from closely located
individuals of the same species. Thus we
assumed that shadows separated less than
10 m apart bel onged to the sameindividual.

Fruittraps

We distributed atotal of 300 fruit traps (800
cm? each) in three forest types in a similar
proportion to the area covered by each forest
(150 traps in mature forest, 100 in open-
degraded forest and 50 in flooded
forest)(Stevenson et al. 1994, Stevenson et
al. 1998). We placed 25 trapsin each of the 12
transects established for phenological
observations. Each trap location within a
transect was determined by three random
numbers, as 1) the spacing between adjacent
traps (10-20 m), 2) theside of thetrail (right or
|eft), and 3) the distance to the trail (0-10m).
Trap contentswere collected biweekly during
oneyear cycle (April 1990 —March 1991) and
dried. Fruits and seeds were identified at the
species level according to the fruit guide of
the study area (Stevenson et al. 2000). Herel
report only on production of ripe fruits for
comparative purposes with phenological
transects.
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Figurel. Annua variationinrainfall, mean temperature, and irradiance (asa0-5index) from
three years of data collected at Puerto Paujil Stationin TiniguaNational Park.
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Phenology of Selected Species

We monitored phenology of six individuals
of 24 species that are either common in the
areaor haveimportant ecological rolesinthe
community (Stevenson, Quifiones &
Ahumada unpublished), because their fruits
were known to be consumed by a variety of
animal species. We recorded the presence of
ripeand unripefruits, flowers, and leaf status
at biweekly periods during one year (March
1990-1991). Weincluded speciesin thethree
different forest types.

A New M ethodology

Based on the information obtained from the
phenological transects, combined with fruit
counts on individual plants, estimates of the
effective areasampled, and models of fruiting
distribution through time for each plant, |
calculated estimates of fruit production during
the last study period (Feb/00-Jan/01). The
basic information from the original
phenological transects was the number of
individuals bearing ripe fruits. Additionally,
we visually estimated the number of fruitsin
thetrees, treelets, and lianas at the beginning

of the fruiting season, either by counting all
fruitsinthe plantsor, when crop sizewashigh
(>50), by extrapolating from the number of
fruits counted in a few branches. In those
caseswhen we detected fruit production after
frugivore activity had started, we also
estimated the number of fruits on the ground
and added it to the number of fruits counted
at tree crown. The visual estimation method
isknown to beinaccurate, especialy for large
crops of small sized fruits (Chapman et al.
1992), and that was the case in our
approximations. However, we corrected our
estimates based on a set of 10 plant species
which fruit crop was calculated aswell by fruit
traps (usually six trees for each species,
Stevenson 2002). A log-log linear relationship
allowed usto correct our estimates (Eq.1):
Ln (Number of Fruits) =1.2962 + 0.9807* Ln
(visua estimate) Eq. (1)

Using equation (1) | was ableto predict 82%
of the variation in fruit production estimated
fromtrapsfor that set of species(Fig. 2). Other
approximations to estimate fruit production
such as crown areaof fruiting treeswereless
correlated with the fruit trap values than the
visual estimates (r’= 0.32). Thus, in spite of

0,6
— Rapid Acceleration
-4 - Slow Acceleration
c 05 T
o - #@--Normal (Binomial)
"g -+ Triangle
3 0.4 --x--Homogeneus
o
E 0,3
[
£o02
“ 4
@ X Koot K K KN o
@ 0,1 S
. - ) < /’A
® -
ol
1 2 3 4 5 6 7

Time (beweekly periods)

Figur e 2. Relationship between visual estimates of fruit production and estimates from fruit
traps, for 10 plant speciesat TiniguaNational Park.
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the relative inaccuracy of the visual estimat-
ing method, we could correct our visual esti-
matesfor ailmost all plant specieswhen using
equation 1. The correction was not applied to
the cauliflorous species of the study site
(Theobroma cacao L, T. glaucum H. Karst,
Couroupita guianensis Aubl., Grias
peruviana Miers., and Leonia crassa J.B Sm.
& A. Fernandez), because they have large
fruits that are not covered by |leaves, there-
forethe original estimates were probably not
biased.

Then | transformed the corrected number of
fruits to fruit mass, using the average fruit
weight of each of the 182 fruiting species
foundinthetransects. | usually estimated dry
weight for an average of six fruits (60% of the
species) or fromasinglemediumripefruit from
acollection of fruits (40%). The procedure of
using small samplesizesisunlikely to greatly
affect thefinal result of the analyses, because
in general thereislow variation of morpho-
logical variableswithin species. Thefruit mass
of each tree was expressed in terms of biom-
ass production (Kg/ha) by estimating the ef-
fective sampled area. Thisareavaried among
species, because we were more likely to no-
tice on the transects fruits from a large tree
than fromasmall one. Thus, the effective sam-
pling areawas larger for large trees species.
This area was calculated as the product be-
tween the total transect length (5598 m) and
the effective transect width for a given spe-
cies. Thelatter was calculated as the average
perpendicular distance between the transect
and thetreetrunk (Burnham et al. 1980), tak-
ing into account the rel ationship between tree
size and detection distance. What | did was
to find arelationship between DBH (asasur-
rogate of plant size) and perpendicular dis-
tance between the transect and the tree trunk,
that was measured in the field for each fruit-
ing tree. To estimate the effective transect
width for a plant of a given size, | used two
regression lines (Eg. 2 and 3): one for trees
producing fruits in the plant crown and the
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second for palms and caulifloroustrees. Two
distinct equations were used because thereis
a higher probability to find fruits on the
ground from afruiting treethan fromasimilar-
sized fruiting palm or atree producing fruits
on the trunk. Both lines have the same slope
asin the relationship between DBH and dis-
tance (both log transformed), and the inter-
cept wasthe average between theintercept in
theoriginal regression line between DBH and
distance, and theintercept of thelinewith the
same slope, but crossing by the more distant
plant in the analysis.

Ln (Transect Width+ 1) =0.248+0.184* (Ln
DBH) Eq. (2)

Ln (Transect Width+ 1) =0.240+0.273* (Ln
DBH) Eq. (3)

Both equations showed significant positive
slopes (F=6.0, p=0.02, r>=0.03, n=210 plants
and F=91..6, p<0.0001, r>=0.10, n=806; respec-
tively), however, the regression coefficients
werelow because large plants can be detected
at large and small distance from the transect.
Transect width was about 9 m at each side of
thetrail for thelargest treesand about 5 m for
the largest palm. In absence of good physi-
ognomic data for relating DBH and crown
volume of lianas and hemi-epiphytes, | as-
sumed a constant transect width for those
species, which was the average for all other
plant species(4.1m).

Finaly, | distributed thefruit crop production
of each individual recorded in transects dur-
ing the periods when they were bearing ripe
fruits. Two production patternswere assumed,
a homogeneous distribution and a discrete
approach to the normal distribution. These
two patterns were based on empirical mea-
surementsfrom treeswith fruit traps, and from
biweekly recordings on the percentage of the
total fruit crop available. A homogeneous
distribution was found for a subset of spe-
cies to which it was not possible to detect
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any particular peak in fruit production while
fruiting (Table 1). Thustotal crop size of those
species was divided equally among the peri-
odswhen the plant was producing ripefruits.
For the remaining speciestherewasaconsis-
tent tendency to produce more fruits in the
middle of theripening period. Among 5 differ-
ent models, the best fit for 25 treesof different
species was for a discrete approximation to
thenormal distribution (using the coefficients
for thebinomial distribution: r=0.81). For ex-
ample, for acrop lasting 7 biweekly periods|
used thefollowing coefficientsto multiply the
total fruit crop for that tree: 1/64, 6/64, 15/64,
20/64, 15/64, 6/64 and 1/64. The coefficients
(1, 6,15, 20, etc.) can beeasily obtained froma
Pascal triangle, in the row of seven columns.
The results of the new methodology are
expressed as the total contribution of each
speciesin aparticular phenological sampling
period. It was calculated by summing the
relative contribution (given the temporal
distribution explained above) of every
individual of that species producing fruitsin
such period.

Table 1. Plant specieswith relative homoge-
neous fruit production during their fruiting
episodes at Tinigua Park.

Bursera inversa (Burseraceae)
Cecropia sciadophylla

Cecropia engleriana (Urticaceae)
Cecropia membranacea

Couroupita guianensis (Lecythidaceae)

Grias peruviana (Lecythidaceae)
Guarea guidonia (Meliaceae)
Oenocarpus bataua (Arecaceae)
Protium aracouchini (Bureseraceae)

Tournefortia foetidissima (Boraginaceae)

Intensive Effort to Assess Sampling Sizefor
Phenological Transects

In May 2000, during the period of highest fruit
production in the study site | carried out a
total of 34 phenological transects along the
maintrailsinthestudy areaintwo days. This
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large samplewas used to estimate the sampling
effort needed to reach stable valuesfor some
variables used to describe fruit production.
Each phenological transect was 500 m long,
so that total sampling distance was 17 km. |
measured the DBH of all plants (> 5 cm) that
projected their fruiting crowns above the
transect as described in the phenological
transects method. | used the number of fruiting
species, the number of trees, and their basal
areaas measuresof fruit abundance (Chapman
etal. 1992, Leighton & Leighton 1982). | did
not consider crop size, nor biomass because
fruit counts were not available for most trees
(especially thosethat started producing fruits
before the survey). | located all transects in
terrafirme forest to avoid inclusion of other
forest types, such as secondary and flooded
forests, which have different plant
communities (Stevenson et al. 1999,
Stevenson 2002).

The total number of species, basal area and
number of treeswere plotted as afunction of
transect distance. Because these curves can
vary depending on how transects are ordered
for analyses, | used the average values of six
simulations, in which the entrance order of
each one of the 34 transectswas set at random.
For these analyses | estimated the 95%
confidencelimitsfromthevariationinall the
34 independent transects. Then | imposed this
range to the fina estimate, to examine the
distance where the values remained within
these confidence limits.

For the analysis of relative representation of
different species in the sasmple | used basal
areaestimates and an index based on ranks. |
estimated the total basal area of each fruiting
speciesat different sampling distance (1.5, 3,
5,7,9,11, 13, and 15 km) and | obtained the
average basa areafrom six simulationswhere
the order of transects was set at random. |
excluded lianas and hemi-epiphytesfrom this
analysis because their basal area
underestimates production. The following



index was used to compare how the most
important species varied as a function of
sampling effort:

RSl =O}ranki_—ranki} N(N+1)

Therank similarity index (RSl) comparesthe
rank of each speciesi between anintermediate
sampling effort (at distance a) and the total
distancet. Theindex isbased on the absolute
differenceintherank (in decreasing order) for
each plant speciesi, comparing thefinal rank
with the rank of that species at a particular
sampling effort. | computed the index as the
summation of those absolute differences
between the rank for the 20 most dominant
fruiting speciesintermsof their basal area. In
order to standardize theindex for any number
of species, the summation is divided by
[N(N+1)], which is the maximum potential
differencein ranks (where N isthe number of
species included, 20 in this case). Thus the
index variesbetween 1 and 0, wherezeroisan
exact match of all rankings. | set confidence
limits for the index from 5000 simulations,
where | assigned a random rank (between 1
and 20) to the different species included in
thetop 20 list and then | calculated theindex.
| used this procedure to know the sampling
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effort necessary to find arelative contribution
of different species similar in order to the
contribution at the end of the sampling period
(17 km, taking it asthe best approximation of
the true fruit abundance estimate).

RESULTS

General Phenological Patterns. L eavesand
Flowers

Phenology of Selected Species. New |leaves
production did not show large variations
during the year, but the proportion of |eafless
trees increased during the dry period
(December to March) (Fig. 3). For that
particular set of specieswe detected two peaks
of flower production (Fig. 3), oneat theend of
the rainy season and the second during the
dry period (February).

Phenological Transects. Regarding
flowering, a very similar pattern was found
from Aug/96 to Jul/97 in the three main forest
types(Fig. 4. a. However, inthe flooded forest
the flowering peaks occurred about a month
later and the peak at the end of the rainy
period was less pronounced than in the terra
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Figure 3. Patterns of flower and leaf production for aset of 24 tree species at Tinigua National
Park. The percentage of individual swith no leaves, new |eaves, and open flowerswas cal cul ated
from biweekly revisionson six individual sfor each speciesduring oneyear (Apr/90-Mar/91).
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firmeforests. On the other hand, for the 2000,
the flowering pattern at the community level
was somehow different (Fig. 4.b) becausethe
peak at the end of therainy period wasdivided
into two small peaks. Theresultsof amultiple
regression analysis to predict the number of
plants with flowers in each biweekly
phenological sample, indicated that only solar
irradiation (positively) and relative day length
(negatively) were correlated (F= 7.2, p=0.01,
and F= 4.5, p=0.04, respectively). Although
many other climatic variables were included
(rainfall, mean, maximum, and minimum
temperatures), the complete model explained

25

only 41% of the variation in the number of
flowering plants.

Fruit Production Patterns

Abundanceof Abiotically Disper sed Fruits
and Seeds. Abundance of fruits with wind,
water or mechanical dispersed seeds was
always high during the dry periods in every
forest type (Fig. 5 and 6). There was a higher
abundanceof thiskind of fruitsduring therainy
season in theflooded forest than in terrafirme
forests, and the pattern was very similar
between two years, when the same

a) === Mature —o— Open-Degraded - X- Flooded

20

[

Number of plants with flowers
per transect
>

AGT SEP oCcT NOV DEC JAN FEB MAR APR MAY JUN JUL
Time (beweekly periods)
25
=== Mature ~——Open-Degraded - X- Flooded

b) f

20

Number of plants with flowers
per transect

% o
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AGT SEP OCT NOV  DEC JAN

Time {beweekly periods)

Figure4. Patterns of flower production in three different forest typesin TiniguaNational Park,
as the number of plants with flowers in the transects during two years. a). Ago/96-Jul/97. b)

Feb/00-Jan/01.
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phenological methodology wasused (Fig. 6. a
and b). A multiple regression analysis using
the climatic variables showed that there is a
high positive correl ation between monthly solar
irradiation and the production of this kind of
fruits in phenological transects (F=22.0,
p<0.001, df.=45). Irradiation was the only
variableshowing asignificant partia regression
coefficient and theoveral model explained 60%
of the variation of wind, water, and
mechanically dispersed seeds abundance.

Abundanceof Animal Disper sed Fruits. The
pattern of animal dispersed fruits is different
than abiotically dispersed seeds because the
highest period of fruit abundance occurred at
the beginning of the rainy period instead than
in the dry period. This pattern has been very
consistent among years (Fig. 7). The multiple
regression analysis including all the climatic

Stevenson

variablesconsidered and four lag rainfall series
showed that only rainfall and lag-rainfall
showed significant partial coefficients.
Restricting the analysis to these significant
variables, a2.5 monthslag of rainfall showed
thelargest partia regression coefficient (rainfall:
F=27.3,r>=0.27; amonthlag: F= 9.6, r>=0.29;
and 2.5 monthlag: F=49.5,r>=0.39; dl p<0.001
comparison-wise). Thismodel explained 69%
of thevariationinthe number of fruiting plants
in phenological transects.

The community pattern of ripe fruit produc-
tion derived from different methods showed
the same basic pattern (Fig. 8) and are posi-
tively inter-correlated (Table 2). The differ-
ences resulting from each method can be ex-
plained in part by methodological problems
(see discussion section).

Table 2. Correlation coefficients between different methods to measureripefruit abundance at
Tiniguaduring oneyear cycle (Apr/90-Mar/91)(from Stevenson et al. 1994).

Fruit Traps| Phenological Observations
Production | Fruiting Trees | Basal Area
(Kg/ha) #) (dm*/km)
Fruiting Trees 0.56
Basal Area (dm”/km) 0.57 0.70
Marked Trees (#) 0.38 0.73 0.66
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Figure 5. Patterns of wind, water and mechanically dispersed seeds abundance for three
different forest types at Tinigua National Park (Apr/90-Mar/91), as the percentage of traps
containing these kinds of fruits and seeds (Stevenson et al. 1998).
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Figure 6. Patterns of wind, water and mechanically dispersed seeds abundance for three
different forest typesat TiniguaNational Park, asthe number of plantsdropping fruitsor seeds
inthe phenological transectsin two different years. a). Ago/96-Jul/97. b) Feb/00-Jan/01.

Resultsfrom theNew M ethod

The method used during the last study pe-
riod showed the same basic pattern of fruit
production (Fig. 9). There was an increase
in fruit production (kg/ha) from the begin-
ning of the dry period, highest peak oc-
curred at the beginning of the rainy season,
then production decreases in the middle of
the year and the lowest production values
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happened at the end of the rainy period. |
was able to reasonably estimate the pro-
duction of each species through time, indi-
cating that peaks are caused by the pro-
duction of different species bearing fruits
at the same time. Also few palm species
(such as Oenocarpus bataua Mart. and
Astrocaryum chambira Burret.) greatly con-
tribute to the overall production.
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Figure 7. Inter-annual comparison of the pattern of fruit abundance regarding the number of
plantsregistered with ripefleshy fruitsin 5.6 km of phenological transectsat TiniguaNational

Park, during three-year cycles. Each lineisnot really continuous because the starting point in
January was adjusted for comparative purposes.

90
O Other Species (160)
O Sterculia colombiana
80 O Brosimum alicastrum
O Cecropia membranacea
70 O Pseudolmedia laevigata
—_ O Spondias venulosa
]
< 60 B Pourouma petiolulata
g M Sterculia apetala
= Antrocaryon amazonica
5 50
-.3 M Inga cf. acreana
_g 40 M Protium glabrescens
o El Protium sagotianum
9: O Pseudolmedia laevis
S 30 § Syagrus sancona
- M Ficus americana
20 O Swartzia leptopetala
HEInga alba
10 O Gustavia hexapetala
M Iriartea deltoidea
O Socratea exorrhiza
0
Febd Mard M 1y 1 A 1 s 1N ’ Dic.A1 O Coussapoa orthoneura
ep. ar. ay. un. ug. ep. ov. IC. .
y g P B Astrocaryum chambira
Time (biweekly periods) O Qenocarpus bataua

Figure 8. Comparison of four different approaches to quantify the temporal variation in fruit
abundance at Tinigua National Park during a year cycle (Apr/90-Mar/91). Only ripe fleshy
fruitswereincluded for thisanalysis. Fruit production in this caserefersto fruit trap estimates
(based on Stevenson et al. 1998).
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The new method quantified fruit abundance
more precisely than other methods, such as
those based on basal area or the number of
individual plantsinfruit (Table3). For example,
according to the basal area of fruiting trees
Oenaocarpus bataua is not included among
the top ten species, whileit isincluded when
using other methods. The list based on basal
areaincluded many species characterized by
very largetreesthat did not show necessarily
alarge production, at least during such year
(e.g. BrosimumalicastrumSw.).

In spite of the differences anong methods re-
garding species-specific patternsof abundance,
therewasasimilar community-widefruiting pat-
tern(Fig. 10). In particular, therewasavery high
correlation between the new method to mea-
surefruit production and the number of fruiting
treesin phenological transects (r>=0.95). Basal
areaestimateswerewell correlated withtheother
methods as well (fruit production: r>=0.77 and
number of trees: r’=0.80).

Between Year Variation

The genera pattern of fruit abundance, re-
garding the number of fruiting trees on phe-
nological transects, did not vary much be-
tween thethree yearswhen | have carried out
phenological observations (Fig. 7). | found
some variations in the amount of fruit pro-
duced by each species, and in few casesthere
was also temporal variation in the timing of
production. However, those variations seem
to be exceptions rather than the rule. For ex-
ample, the total number of fruiting species
found inthetransectswassimilar (1990=157,
1996=191, and 2000: 177). Also about 70% of
the species were shared between different
years, and the most important species were
fruiting have been recorded all years.

However, | have seen differencesin crop size
and duration between years. For example, the
fruit production of Ingacylindrica (Vell.) Mart.,
an important plant species of the flooded for-

Table 3. Comparison among three different approaches to assess fruit abundance at Tinigua
National Park. Thetable showsthe 21 most important plant species producing ripefleshy fruit
during oneyear (Feb/00-Jan/01), and their relative importance according to each method.

Fruit Biomass (Kg/ha)

QOenocarpus bataua

Astrocaryum chambira 58.5
Coussapoa orthoneura 25.2
Socratea exorrhiza 434
Iriartea deltoidea 40.6
Gustavia hexapetala 373
Inga alba 28.2
Swartzia leptopetala ~ 21.3
Licus americana 20.0
Syagrus sancona 17.3
Pseudolmedia laevis 13.8
Protium sagotianum 13.3
Protium glabrescens ~ 12.8
Inga acreana 11.0

Antrocaryon amazonica 10.9
Sterculia apetala 9.9
Pourouma petiolulata 9.7
Spondias venulosa 9.6
Pseudolmedia laevigata 9.2
Cecropia membranacea 8.4
Brosimum alicastrum 8.1

262.1

Basal Area (cm’) No. Individuals

Gustavia hexapetala 42850 |Theobroma cacao 44
Brosimum alicastrum 41822 |Protium sagotianum 41
Ficus andicola 37393 |Gustavia hexapetala 38
Ficus trigonata 29642 |Protium robustum 36
Ficus americana 27614 |Socratea exorrhiza 33
Apeiba aspera 24715 |Pseudolmedia laevis 32
Pseudolmedia laevis 24475 |Oenocarpus bataua 32
Spondias venulosa 24140 |Protium glabrescens 32
Pseudolmedia laevigata 22747 |Pseudolmedia laevigata 30
Protium sagotianum 22083 |Quararibea cf. wittii 27
Cecropia membranacea 21021 |Crepidospermum rhoifolium 16
Castilla ulei 19657 \|Iriartea deltoidea 13
Inga cylindrica 16933 |Cecropia membranacea 12
Hymenaea oblongifolia 15729 |Dendropanax caucanus 12
Oenocarpus bataua 13897 |Apeiba aspera 11
Neea laxa 12970 |Protium aracouchini 11
Couroupita guianensis 12487 |Astrocaryum chambira 10
Coussapoa orthoneura 5885  |Oxandra mediocris 10
Sterculia apetala 9748  |Siparuna cuspidata 10
Ficus insipida 9527  |Neea laxa 9
Sapium laurifolium 9465  |Euterpe precatoria 9
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est, wasvery low during thelast sampled yearly
cycle(2000), compared with other years. Also,
as mentioned above, fig plants showed large
variationswithin and aso among years. In 2000,
fruit production of Gustavia hexapetala
(Aubl.) Sm. was delayed for about amonth in
comparison to other years. Thisdifference ex-
plains the very low fruit production observed
in December (Fig. 9), when fruit abundance
usualy startstoincrease (Fig. 7).

Most of the species (with figs as the main
exceptions) produce fruits once ayear. Some
years, | observed different fruiting episodes
for individuals of other species such as
Brosimum spp., Pseudolmedia spp., and
Clarisia racemosa Ruiz & Pav. Pourouma
bicolor Mart. usually produces one crop in
thedry season and asecond oneinthemiddle
of the rainy period, when fruit crops tend to
be less productive.

I Fruit Production*2 (Kg/ha)
—o— Number of Individuals

Stevenson

Differences between Forest Typesin Fruit
Production

Fruit production during the dry season and
the beginning of the rainy period is higher
in the upland (Terra Firme) forests than in
theflooded forests (Fig. 11). Density of fruit-
ing sources tends to be on average higher
in the flooded forests from the middle of the
rainy season until the end of this period.
However the variation is large enough so
that the difference in density between
flooded and Terra Firme forests is not sta-
tistically significant (see Fig. 11). Further-
more, looking at fruit mass estimates, ma-
ture forests usually showed the highest
values compared to the other forests (Fig.
12). A similar result was obtained using fruit
traps (Stevenson et al. 2000a).

——Basal Area of Fruiting Trees (cm2)
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Figure9. Temporal variation in ripefleshy fruit biomass production in TiniguaNational Park
during one year (Feb/00-Jan/01), according to the new methodology presented in this study.
Main species production is shown in different colors, and the upper line shows the overall
production pattern. Seetext for methodol ogical details.
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Figure 10. Comparison between the pattern of fruit production found using the new method-
ology and two approaches to assess fruit abundance: the number of fruiting plants in the
phenological transects and the basal area of the trees found in the transects at Tinigua Na-
tional Park for thelast yearly cycle (Feb/00-Jan/01).
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Figure 11. Seasonal differences in the density of ripe fleshy fruit resources in flooded and
TerraFirmeforestsin TiniguaNational Park. Barsrepresent the standard error from the number
of individuals found in the phenological transects at each main forest type in three different
years.
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Figure 12. Comparison of fruit production patterns, using the new methodol ogy, in the three
different forest typesat TiniguaNational Park during oneyearly cycle (Feb/00-Jan/01).

How long should thetransectsbe?

| found 107 plant speciesproducing ripefleshy
fruitsin May 2000 inthe 34 transectsand after
17 km the accumulation curve does not reach
a saturation point (Figure 13 a). In contrast
the number of trees with ripe fruits*km
showed relatively stable values by the first
threekilometers(Fig. 13 b). However, the 5%
probability of finding anumber of treessimilar
to thefinal estimateindicated that the estimate
does not leave the confidence interval after
the first 8 km. Although we found more
variation above and below the final value of
basal area of fruiting trees, the average value
does not |eave the 5% confidence limits after
thefirst 10km (Fig. 13¢).

The similarity rank analysis showed that the
averageindex decreases asmoretransectsare
sampled and theseindexes areincluded within
the 5% confidence limitsafter thefirst 7-9 km

(Fig. 13d).

DISCUSSION
General Phenological Patterns

Phenological patterns at Tinigua National
Park can be characterized by their temporal
consistency, at least in the years when
observations have been made. These
patterns do not differ much from the results
found in other Neotropical lowland forests
with similar seasonal climate (Croat 1975,
Daubenmire 1971, Frankieet al. 1974, Janzen
1967). Severa hypotheses have used for
explaining the advantage that plants might
have when producing flowers in hot, dry
periods, such asmorevisihility by pollinators
in an leaflessenvironment (Janzen 1967), and
higher activity and abundance of pollinators.
For example, bees seemto constitute themain
pollinator guild in Amazonian forests (van
Dulmen 2001), and they are more active in
dry periods (Vianaet al. 1997). Although our
results did not provide support for any of
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these particular hypotheses, the multiple
regression model s suggest that some factors
could be influencing flower abundance
patterns. In this case, the high correlation
found between the number of plants with
flowersand therelative day length suggests,
that flower production for alarge number of
speciesin thiscommunity might betriggered
by small changesin day length, even though
our study siteis not far from the equator.

This variable is known to trigger
phenological phases of many temperate plant
species(i.e. Heide 1994), but it remainsto be
experimentally tested whether of not it is
important for tropical plants. On potential
selective grounds the relationship between
flowering at the community level and
irradiation (which is highly correlated with
the difference in maximum and minimum
temperatures), suggest that hot sunny days
could be appropriate to open flowers, when
pollinator activity and abundance is the
greatest. These potential advantages
postulated for the plants of this community
could be subject to future experimentsto test
their relevance in pollination processes,
particularly in aspecies-specific basis. Fruit
production variation can be associated to
temporal changes in pollination efficiency
(Burd 1994). Other large-scal e processes such
as la nifia and el niflo ENSO, known to
influence fruit production at the community
level (Wright et al. 1999), werenot evident in
the sampled years, sincewe have seen avery
constant pattern of production.

A proportion of the species from which we
recorded leaf phenology (8 out of 24)
seasonally lose all their leaves. Four of these
specieslost their leaves during the dry period
and represent alarge proportion of deciduous
tree species in the community (Stevenson et
al. 2000b). Terborgh & van Schaik (1987)
proposed that the scarcity of folivorous
primates in the New World was due to a
synchronization in community-wide
142

production patterns of young leaves and
fruits, so that therewill not be alternativefood
itemssuch asyoung leavesin periods of fruit
scarcity. However, the new leaves production
pattern of the selected species did not show
any particular peak of production and it was
uncorrelated with fruit production, contrary
to the assumption of the hypothesis. In fact,
al threeatelineprimatesat Tiniguaare ableto
find young leaves to supplement their diets
during periods of fruit scarcity (Stevenson et
al. 2000a).

Production of fruits with wind, water, and
mechanically dispersed seedswasthe highest
during dry periods, when thetradewindsfrom
the northeast are very strong, carrying away
the clouds and many seeds. Furthermore,
explosive dehiscenceis more frequent in dry
periods. This production pattern is also
consistent to other Neotropical sites (Ibarra-
Manriquez et al. 1991, Terborgh 1983), inthe
sense that at least one fruit abundance peak
occurs in the dry period. The species that
produced fruits during the rainy period are
water-dispersed and are frequently found in
flooded forests (e.g. Combretum |axum Jack.
and Mascagniaovatifolia (H.B.K.) Griseb.).

The fruit abundance pattern of animal
dispersed seeds showed the highest peaks at
the beginning of the rainy period, which also
occursin Neotropical lowland forests (Foster
1982, Frankie et al. 1974, Justiniano &
Fredericksen 2000, Terborgh 1983). However,
thereis much variation in this pattern across
tropical localities (van Schaik & Pfannesin
press). For example, homogeneous patterns
of fruit production tend to occur in siteswith
no severedry season (e.g. Hilty 1980).

Although, itiscommon that the period of fruit
scarcity during the dry season in Neotropical
forests, this is not the case at Tinigua, where
thegreatest density of individualsbearing ripe
fleshy fruits occurs about 2.5 months prior to
the peak of rains, and the abundance of fleshy
fruits during the dry period is higher than at
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Figure 13. Sampling effort necessary for the stabilization of four different parameters to as-
sessripefleshy fruit abundance. Figures show cumulative values estimated during asampling
episodein May 2000 at TiniguaNational Park (Colombia), asafunction of cumulative transect
distance. Each point correspondsto the averages from six simulationsin which transect order
was set at random. The arrows represent the distance where the estimate remained within the
5% probability respect to thefinal value a) Number of species, b) Number of treeskm?, c) Basal
areaof fruiting treesd) Similarity rank index (seetext for details).
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Basal areaof fruiting treesd) Similarity rank index (seetext for details).
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the end of the rainy season. The adaptive
significance of this pattern has been addressed
by several theories(Garwood 1982, van Schaik
et al. 1993), and some of them are consistent
with our findings at Tinigua Garwood (1982)
showed that the production of seeds at the
beginning of the rainy period allows the
germinated seedling to experience less water
stress during the critical first few months of
development. Seed predation experiments in
the area suggest that in many cases seed
survival could be greater under high seed
density treatments, probably due to predator
satiation (Stevenson 2002). Also we might
expect to find lower predation rates during
periods of high fruit and seed production (van
Schaik et al. 1993). Thus, a peak of fruit
production should reduce seed predation risk,
whilethetiming of thispeak just prior or at the
beginning of the rainy season would assure
good water supplies during the critical period
of seedling establishment. Inany case, it would
be important to carry out more experimental
studies to test these potential advantages.

M ethodological Consider ations

We have discussed previously pros and cons
of different methodsto assessfruit abundance
(Stevenson et al. 1998), and the main points
aresummarized below.

1. Fruit traps estimates are sensitive to trap
location biases and chance effects. For ex-
amplethehigh fruit production peak in Octo-
ber (see Fig 8) was caused by a single
frugivory bout by a capuchin monkey who
dropped palm fruits just above atrap. There-
fore, this unlikely event seems to indicate a
period of high fruit abundance during thefruit
scarcity period. However, it represents the
chance of placing a trap just underneath a
clumped resource that was available in the
scarcity period. Thiskind of problem can be
corrected by redistributing fruit weight ho-
mogeneously during the fruiting time of that
species (Janson 1984).

Stevenson

2. The basal area approach may overestimate
production of large trees that do not always
bear large crops. For example, fruit production
of asinglelargefig tree (DBH about 1.5m) in
the flooded forest was responsible for the
peaksin June-July and again in January (Fig.
8). Although, during June-July thetree dropped
17.3 g of fruit into three traps, during the sec-
ond fruiting episodeit dropped only 5.6 gin. In
the first episode fruit production was at least
threetimes greater, but the basal areaestimate
did not show that pattern. Moreover, as the
second fruit crop was so small and short, all
the basal areawas assigned to asingle phenol-
ogy sample, skyrocketing the production in
that period, in contrast to thefirst episodewhen
the basal area was divided into two biweekly
revisions. Another source of bias when using
basal areaestimatesisthe subestimationinthe
production of palms. Because of its particular
architecture and growth form we should not
expect apositivelinear relation between basal
areaand fruit production.

3. The number of fruiting trees usually shows
a gradual change of the fruit production
pattern, without any of the unrealistic peaks
discussed above. However, it isinappropriate
to use the number of fruiting trees as a fruit
production estimator in species-specific
analyses, because production of dense but
small trees might be overestimated, while
production of largetrees underestimated (see
for example the importance of small cacao
treesin Table 3).

The new methodology proposed in this study
avoids all the problems that | just discussed.
Therefore | highly recommend it, if species-
specific fruit abundance patterns must be
quantified (for general community patterns
other less demanding methods, such as the
number of individuals in transects, yield
similar results).

My impression is that the new method
proposed was as time-consuming as the fruit
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traps (based on the fact that | had
morphol ogical measuresfor avariety of plant
speciesbeforetheanalysis, and that | assumed
that the small sample size for the estimates
did not alter the final results). Additional
observations will be necessary to test these
assumptions. Perhaps the weakest step inthe
calculationsto estimatefruit production using
the new methods was the inaccuracy of the
visual method to assess fruit production of
individual plants. This variable is known to
be very difficult to measure in the field
(Chapman et al. 1992), and we could find a
good relationship between visual estimates
and fruit production from fruit trapsto correct
the data. The feasibility of using the method
depends on an accurate method to correct
the visual estimates of fruit abundance. |
encouragefutureresearchersto useandrefine
this kind of visual approach, because this
study proved that better estimates might be
gathered from the visual estimates than from
commonly recommended methods such as
basal area, DBH, or crown area (Chapman et
al. 1992). Intheworst casethevisua estimates
could be used as ranks, which are commonly
used in phenological studies, whilethereverse
transformation isimpossible.

Although at the moment | do not have any
independent way to prove that the new
method was free from biases, based on my
experience using a variety of methods to
measure fruit production, this new method
showed |ess discrepancies with the observed
patterns. My only doubt so far refers to the
inclusion of so many palm speciesin thelist
of the most productive species (Table 3). Itis
possible that the visual assessment of palm
production was intermediate between
cauliflorous species and plants bearing fruits
inthecrown, becausethevisihility of thefruits
is blocked by other fruits and inflorescence
branches, but not by leaves or twigs as in
common trees. In absence of a correcting
factor of visual estimatesfor any palm species
| used the same correcting factor as the one
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used for common tree species. This can be
related to their great contribution to fruit
abundance, however, itisdifficult to be certain
that theresults are biased, because palm fruits
are heavy, and the fruit trap methods in other
years also have shown that the most
productive species in the area are the palms
(Stevenson et al. 1998). Also, thisissupported
by other studies which have found that palm
speciesare known to be abundant and to play
important ecological roles in many
Neotropical communities (Peres 1994a,
Stevenson et al. 2000a, Terborgh 1983). A
recommendation for future studies is to
include of palm species for comparative
analyses between visual and fruit trap
estimates.

Finaly, if economic or time constraints make
impossible to undertake a phenological study
of this kind, and just a general assessment of
community widefruit productionisrequired, |
suggest to usethe number of fruiting individu-
asin phenological transects as a proxy. This
variable provided community wide estimates
that arewel| correlated with other more meticu-
lous methods, and it is easy to measure
(Stevenson et al. 1998, fig. 10). Also it stabi-
lizeswithrelatively low sampling effort (fig 13
b). However, this measure, unlike the new
method, will not be easy to compare across
studies in different communities (Janson &
Chapman 1999). For example, the number of
trees located in transects of a certain length
will not be comparable among localitieswhen
the average production of plants differs or
whenvisibility variesamong sites. In contrast,
the new methodology offers estimates of km/
hawhich arecomparablewith all methods mea-
suring fruit production in standard units.

Sampling Effort in Phenological Transects

The sampling effort needed to assess
community-wide fruit production using
phenological transects will vary depending
on the fruit abundance estimate used and the



guestion to be answered. For instance, much
more effort would be needed to know thetotal
number of plant species producing fruitsthan
the number of trees producing fruit in the
transects (>17 km. vs. 8 km. respectively).
According to our results, the sampling
distance necessary to quantify fruit
abundance using basal areain the community
should beat least 10 km, while 8 km are needed
to have astableranking of the most important
species. All these values are approximations
to the sampling distance required to quantify
fruit abundance in the non-flooded forests at
Tinigua National Park. Therefore these
minimum estimates could change for other
forest types, other localities, and seasons. |
suggest undertaking similar intensive surveys
and analyses prior to start phenological
studies, in order to set adequate sampling
procedures in a given locality. However, in
absence of such information | hope that this
study provides some guidelinesfor the effort
needed to achieve different levelsof detail in
phenological studies using transects.
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