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ABSTRACT

The large seeds of Aglaia mackiana (Meliaceac) germinate and produce vigorous scedlings under closed canopies or
in large gaps. To assess scedling ecology after germination, we measured growth, herbivore damage, and survivorship
of seedlings over one year. The sample included shaded seedlings from dispersed seeds, undispersed seeds under parent
trees, and seedlings transplanted o gaps. We quantified the light environment using hemispherical canopy photographs
taken above seedlings at the beginning and end of the one-year study.

Seedlings transplanted to gaps grew faster and had more leaves, larger total leaf surface area, longer secondary
roots, and greater root mass than shaded scedlings. Seedlings in gaps did nort differ from shaded seedlings in survi-
vorship or amount of herbivore- and pathogen-caused leaf damage.

The canopy photographs taken one year apart suggest there is a rough equilibrium in closed canopics with slight
changes occurring around an average light level. Sites with < 0.06 ISF (a unitless, relative measure of canopy openness
or reflected sunlight) tended to remain the same with minor fluctuations toward brighter or darker. Sites with canopy
openness > 0.06 ISF tended to close; few gaps grew larger.

Seedlings under parent trees and seedlings away from parent trees had similar amounts of leaf damage and virtually
identical survivorship after 18 months, but seedlings under parent trees had slower growth rates and smaller toral leaf
surface arcas. Dispersal did not strongly benefit seeds via escaping high levels of mortality or competition around the
parent.

Key words:  Meliaceae; Papua New Guinea; seed dispersal; seedling ecology; treefall gaps; tropical rain forest.

TREFFALL GAPS PLAY VITAL ROLES IN THE DYNAMICS of
most tropical rain forests by allowing higher
amounts of sunlight to reach the forest floor than
under intact, closed canopies. Greater insolation
provides a regeneration niche (Grubb 1977) where
shade intolerant plants can establish and grow
(Brokaw 1987, Denslow 1987), and most rain for-
est trees require gaps at some point in order to
attain adulthood (Hartshorn 1978, Clark & Clark
1992). Additionally, gaps are probably imporrant
to the maintenance of high plant diversity in trop-
ical rain forests (Connell 1978, Connell ez al. 1984,
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Denslow 1985, 1987, Brandani ez 4/. 1988, Ashron
1989).

Three sources of individuals form the regrowth
in new gaps: the seedbank, new seed rain, and the
persistent seedling bank. Many studies have fo-
cused on the role of seedbanks on regeneration
within rtreefall gaps (eg, Hopkins & Graham
1983, Uhl & Clark 1983, Saulei & Swaine 1988,
Chandrashekara & Ramakrishnan 1993). The high
insolation, particularly elevated far-red wavelengths
(Chazdon & Fetcher 1984), and elevated ground
temperatures in treefall gaps (Fetcher ez 4/ 1985)
can trigger germination in dormant heliophilic
plants, and a new second growth plant community
can quickly develop, especially in large gaps.

The second major component determining the
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composition of regrowth in gaps is newly arrived
seeds (Schupp ez al. 1989, Denslow & Gomez Diaz
1990). Gaps can act as aerodynamic sinks for
wind-dispersed species (Augspurger & Franson
1988). Some vertebrate seed dispersers are attracted
to gaps and differentially move seeds into older
gaps; others appear to avoid gaps and, consequent-
ly, rarely disperse seeds into gaps (Hoppes 1988,
Levey 1988, Schupp er 2l 1989).

The third major source of gap plants, the seed-
ling bank established prior to gap formation, might
be the most important component but has been
the least studied (Clark 1994). Although gap for-
mation kills some vegetation (Brandani er 4l
1988), many of the forest understory and ground
layer plants are not damaged, or resprout if dam-
aged. Established seedlings can rapidly take advan-
tage of the increased sunlight because they are al-
ready well developed and may be at a competitive
advantage relative to germinating seedlings.

Studies on the responses of established plants
to gap formation are difficult because it is seldom
possible to predict or manipulate gap formation
(e.g., Burton & Mueller-Dombois 1984, Uhl er al.
1988), thereby precluding the collection of baseline
data. Nonetheless, gap formation is probably crit-
ical for the release of “dormant” or “suppressed”
seedlings experiencing extremely slow growth rates
in the understory (DeSteven 1994). Rain forest
seedlings experience fairly high, stochastic proba-
bilities of death because of physical discurbance and
falling debris (Augspurger 1983, Aide 1987, Mack
1997). Small, dormant seedlings that are not re-
leased by gap formation are unlikely to survive for
many years, even if they have adequate resources
for maintenance and defense.

To investigate the responses of dormant seed-
lings of one species of New Guinean canopy tree
to gap formation, we experimentally transplanted
seedlings from shade into natural gaps of various
sizes. We examined responses in survivorship,
growth, biomass allocation, incidence of herbivore
damage, and morphology of Aglaia mackiana seed-
lings. Because gaps are not discrete, unambiguous
entities (Lieberman er a4l 1989), we used hemi-
spherical canopy photos to quantify canopy open-
ness above seedlings.

METHODS

Stuvy area.—This study was conducted at the
Crater Mountain Biological Research Station, 10
km east of Haia, Simbu Province, Papua New

Guinea (06°43.4'S, 145°05.6'E) in the Crater

Mountain Wildlife Management Area on tradition-
al lands of the Pawaiian people. The study area
spanned 950-1200 m elevation in the valley of the
Oo River in the Pio drainage. The area is entirely
forested with openings and patches of second
growth forest formed by landslips and treefall gaps.
The vegetation spans the transition from mixed ev-
ergreen hill forest to submontane forest (Paijmans
1976). 'Tree diversity is high with no strongly dom-
inant canopy tree species (Wright ez a/. 1997).

Stupy species.— The species studied was provision-
ally called Aglaia aff. flavida Merrell et Perry (Me-
liaceae) (C. Pannell, pers. comm.; Pannell 1992) in
several previous publications (Mack 1995, 1997).
Recently the species has been described as a new
species, Aglaia mackiana (Pannell 1997), hereafter
called Aglaia. Adult trees occur in low density in
the study area. The seeds are large (115 g) and
widely dispersed by Casuarius bennetti, a large,
flightless bird endemic to hill and montane forest
of New Guinea (Mack 1995). Seeds germinate
shortly after abscission and produce vigorous seed-
lings that are a common component of the forest
understory.

SEEDLING sampies.—During ]uly—August 1990,
237 established seedlings under six mature trees
were tagged and measured. These seedlings were
re-censused and measured six times between 1990—
1993 to compare growth and survivorship with
that of seedlings from dispersed seeds.

During June—July 1990, we established seven
100-m belt transects following randomly chosen
compass bearings 5 m from randomly chosen
points on trails. No transects passed under mature
Aglaia trees. All Aglaia seedlings found within 5 m
of the transect were mapped, tagged, and mea-
sured. In March 1992, the transects were revisited
and seedlings were remeasured for comparison with
the seedlings under parent trees.

Two hundred seventy-two dormant seedlings <
150 e¢m tall in closed forest and away from adult
trees were selected for a transplant experiment.
Dormancy was readily determined by the absence
of new leaves and the degree of epiphytic growth
on stems and leaves. Fifty-four of these seedlings
were taken from the population that was already
being monitored in random transects and were di-
vided among three treatments. None of these 54
had exhibited significant growth the previous year.
Seedlings were randomly assigned to one of three
treatments: transplant group—105 seedlings were
transplanted to 20 gaps within 75 m of their ori-



gin; replant group—100 seedlings were dug up
similarly to the transplant group, but were then
replanted in the same site they were taken from to
control for effects of digging up and manipulating
the seedlings; and control group—67 seedlings se-
lected as controls remained in siruw. The three
groups were established from 30 March-22 April
1992. Larger initial sample sizes were used for the
transplant and replant groups than controls because
we expected that the manipulation would cause
some mortality.

Measuriments.—Aglaia has compound leaves that
grow from meristems just below the terminal bud.
Thus, the youngest leaf is topmost and the oldest
leaf lowest on the stem. We determined new leaf
production by tagging the topmost leaf at the be-
ginning of the study and counting leaves above the
tagged leaf at the end of the study. Leaflets on de-
veloping leaves are folded (closed) along their mid-
vein; such immature leaves were excluded in leaf
counts. We measured height from the ground to
the tip of the terminal bud. At the end of the study,
we excluded from analyses all seedlings obviously
damaged by falling debris and > 5 ¢m shorter than
their starting height.

Plants were re-censused in June 1992, October
1992, and from March-April 1993. At each census
the height of each surviving seedling was measured
and the number of leaves and leaflets were counted.
The June 1992 height measurement was used as
the initial height because planting and ground set-
tling after planting caused some spurious changes
in height (see below). The few seedlings dead at
the June census were considered due to transplant
shock and excluded from the analyses. At the end
of the experiment, all seedlings weie carefully ex-
cavated and the length of the primary taproot and
the longest secondary root was recorded. The roots
of each seedling were washed, placed in envelopes,
and dried to constant weight.

To measure the light environment, we took
hemispherical canopy photos directly above trans-
plant (before and after transplanting), replant, and
control seedlings at the beginning of the study
(time 1) and at the end of the study (time 2).
Photographs were taken on Kodak Tri X film (ASA
400) using a Nikon F3 body with databack and a
Nikkor 50 mm lens with a Spiratone 8mm fisheye
converter lens. Canopy photographs were analyzed
with the video image analysis program, CANOPY,
and hardware described in Rich er 2l (1993).
CANOPY provided a mean annual direct site fac-
tor (DSF) and indirect site factor (ISF) for each
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hemispherical photograph. The DSF is a relative
measure of direct sunlight (canopy openness along
the path of the sun above the point where the pho-
tograph was taken). The ISF is a relative measure
of reflected sunlight (overall canopy openness above
the point where the photograph was taken). ISF
and DSF calculated from hemispherical canopy
photographs have been shown to be strongly cor-
related with photosynthetic photon flux densiry
(Chazdon & Field 1987, Rich er al 1993).

Each photograph (time 1 and time 2) was an-
alyzed twice (trials A and B). If the difference in
ISF between trials A and B for any photograph was
> 0.005, the image was reanalyzed twice (trials C
and D). If the difference berween trials C and D
was > 0.005, the mean of trials A, B, C, and D
was used for the site. If the difference between trials
A and B or C and D was < 0.005, the mean of
the two trials was used as the value for each site at
time 1 and time 2. For comparisons among sites
for the entire study period, the mean of photos
from time 1 and time 2 was used. Thus, the value
used to characterize a site was the mean of at least
four analyses: two of the photograph taken at the
beginning of the study (time 1) and two of the
photograph taken at the end of the study (time 2).

Hersivore pamace.—The herbivores and patho-
gens of Aglaia are unknown. We only once ob-
served an herbivorous insect, a lepidopteran larva,
feeding on Aglaia leaves. Some leafler damage ap-
peared to have been caused by other leaf-chewing
insects. Most damage appeared to have resulted
from a pathogen that caused leaf rissue to turn
brown, die, and fall away, leaving a thin brown
margin on the remaining green leafler tissue. Pre-
sumed pathogen damage occurred throughout leaf-
let blades, whereas presumed herbivore damage was
confined to leaflet margins.

In order to analyze leaf surface area and leaf
damage, we traced all 867 leaves (3705 leaflets) of
190 seedlings at the end of the study. We also
traced 95 leaves (373 leaflets) from 29 seedlings
found under parent trees. Because we had marked
the topmost leaf ar the beginning of the sctudy, we
could compare damage to leaves produced after
trearments were imposed. Missing and damaged ar-
eas were colored black on the tracings. The tracings
were later cut out and leaflet surface areas (dam-
aged and undamaged) measured by image analysis
(Agvision, Decagon Instruments; Pullman, Wash-
ington). Leaflets were pooled to obtain the total
surface area (assuming no damage) and the dam-
aged area for each leaf; then leaves were pooled to
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yield the intact and damaged surface areas of new
(posttreatment) and old (pretreatment) leaves on
each seedling.

STATISTICAL ANALYSES.— We used one-way ANOVAs
to identify significant effects and post hoc Student-
Newman-Keuls tests to identify means that differed
significantly. Unpaired Bonferroni #tests were used
when comparing only two means. All regressions
used the least squares method and Pearson corre-
lation coefficients are given in the results.

RESULTS

THE 1IGHT ENVIRONMENT (CANOPY PHOTOS).— We
used ISF as a measure of canopy openness. DSF
was strongly correlated with ISF in this study (R
= 0.866, P < 0.0001) as in previous studies
(Chazdon & Field 1987, Turner 1990, Dirzo ez /.
1992).

Seedlings transplanted to gaps experienced a
substantial shift in light availability. The mean ISF
prior to transplanting was 0.04839 (V = 76 pho-
tos, SD = 0.01462) whereas the mean ISF after
transplanting was 0.09750 (V = 86 photos, SD =
0.03389); the mean change in ISF for seedlings
transplanted to gaps was + 0.04489 (V = 74, SD
= 0.03046; ¢+ = 12.2, P <« 0.0001).

Initial assignment of seedlings to closed forest
versus gaps was based on our subjective estimation
of canopy closure. Distinguishing gaps from non-
gaps is not a simple matter (Canham 1989, Lie-
berman ez al. 1989) because canopy openness is a
continuum and other factors can modify gap effects
(e.g., penumbral effects; Smith ez 2/ 1989). There
was some overlap in the ISF among transplants in
the smallest gaps or on the edges of gaps and those
in fairly open forest {note overlap in Fig. 1 along
the x-axis). The sites we subjectively called gaps
were mostly above ISF 0.06. Overall, our distinc-
tion between forest and gap was reliable; the mean
initial ISF (time 1) for transplant sites, 0.09750,
was significantly greater than the mean value for
replant sites, 0.04638 (r = 12.97, P < 0.0001)
and control sites, 0.04978 (r = 10.38, P <«
0.0001). ISF values for replant and control sites
did not differ significandy (r = 1.08, P = 0.285).

During the year between taking the first and
second canopy photographs at each site, significant
changes in canopy openness occurred. Gaps (trans-
plant sites) tended to close, with only 5/80 sites
becoming more open after one year than they were
initially (Fig. 1). Conversely, roughly equal num-
bers of closed sites tended to open (N = 53) or
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FIGURE 1. Change in light environment over Aglaia

seedlings in one year. The x-axis shows ISF values (a mea-
sure of canopy openness) obtained from hemispherical
canopy photographs (see Mcthods) at the beginning of
the study. The y-axis shows ISF values calculated from
photographs taken at the same sites onc year later. Closed
circles are transplant sites, shaded squares are control sites,
and open squares are replant sites. The diagonal line rep-
resents y = x. Points below the line indicate sites where
the canopy closed and points above the line represent sites
where the canopy opened. The vertical line at ISF = 0.06
approximates the distincrion between closed canopy and

gaps.

close (N = 66) after one year. The mean ISF for
the replant sites and control sites did not change
substantially over the course of the year [replants
mean ISF = 0.04637 (time 1) to 0.04271 (time
2), t = 1.74, P = 0.084; controls mean ISF =
0.04978 (time 1) to 0.04532 (time 2), r = 1.08,
P = 0.282]. The mean ISF for gap sites, however,
showed a marked decrease in ISF one year later
[mean ISF = 0.09750 (time 1) to 0.07317 (time
2), t = 5.59, P <« 0.0001].

INITIAL SEEDLING GROUPS.— Iransplant, replant, and
control groups did not differ significandy in the
initial number of leaves or in the initial height (Ta-
ble 1). Transplanting and replanting seedlings af-
fected seedling height because some seedlings were
inadvertently planted slightly deeper than when
initially found. Thus, replant seedlings lost nearly
4 cm and transplant seedlings 2 cm, although
groups still did not differ significantly (Table 1).
Because we expected transplanted seedlings to grow
larger than controls, this bias was conservative.

SURVIVORSHIP.

By the end of the study, 11 trans-
plants, 15 replants, and 7 controls had died. An
additional G transplants, 10 replants, and 8 controls
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FIGURE 2.  Aglaia mackiana scedling height increase in
relation to canopy openness. The ISF value on the x-axis
is the mean ISF calculated from the photographs raken
at the beginning and the end of the study. Open squarcs
represent replanted seedlings, closed squares are controls,
and dots are transplanted seedlings.

could not be relocated and were presumed dead.
Overall survivorship was 79 percent. Treatments
did not differ in survival if only known deaths were
considered as mortality (x> = 1.97, df = 2, P >
0.3), or if lost seedlings were pooled with known
deaths (x2 = 3.62, df = 2, P > 0.1).

GROWTH AND LEAF PrRODUCTION.—Seedlings trans-
planted into gaps grew more than twice as much
in height as replant and control seedlings (Table 1);
replanc and control seedlings did not exhibic sig-
nificantly different growth (Table 1). Seedlings
transplanted to gaps were not significantly taller
than replant or control seedlings at the end of the
study (Table 1), but a difference might have been
obscured by our tendency to plant seedlings deeper
than they were originally.

Aglaia seedlings appeared to exhibit a change
in growth response at light levels above ISF 0.06
(Fig. 2). In closed sites, ISF had a negligible but
statistically significant influence on height increase
{c = 0.16, R? = 0.026, N = 104, P < 0.001). In
gaps (ISF > 0.06), however, the correlation was
stronger (¢ = 0.39, B2 = 0.15, N = 74, P <
0.001).

By the end of the experiment, transplant seed-
lings had significantly more leaves than replants
and controls (Table 1). Control seedlings also had
significantly more leaves than replant seedlings (Ta-
ble 1); perhaps manipulation had caused some leaf
loss so that transplanted seedlings compensared for
with new growth, but shaded replants could not.
Seedlings transplanted to gaps produced signifi-
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TABLE 2. Growth and morphological data collected from Aglaia mackiana seedlings growing under maternal parent trees
(from undispersed seeds) and wway from adult trees (from dispersed seeds). Numbers are means = SD (N).
Seedlings away Seedlings under
Variable from adult trees parent trees Statistics
Survivorship (%) after 18 mo  80.3 (137) 78.1 (237) x2 = 0.004, df =1, P> 0.9
No. lc;lvcs/sccdling 3.42 + 1.92 (137) 3.46 * 1.56 (237) t =023 P = 0381
Height increase (cm/yr) 4.2 + 544 (46) 2.5 * 2.25 (110) r= 2.08; P = 0.043

Undamaged leaf surface arca/
seedling (em?)

Proportion herbivore-pacho-
gen damage

765.4 * 674.9 (50)

0.1315 = 0.0858 (50)

492.6 * 280.5 (29) r= 25 P = 0014

0.1585 = 0.1071 (29) t=1.19; P = 0.239

cantly more new leaves than replant or control
seedlings (Table 1). Replant and controls did not
differ in the number of new leaves produced (Table
1). Consequently, seedlings transplanted to gaps
had a greater surface area of new leaves than re-
plants or controls, which did not differ from each
other (Table 1). New leaves on transplant seedlings
did not differ in size from new leaves on controls
or replants (Table 1).

Roor Growrti.—DPrimary roots of control plants
were significantly longer than primary roots of
transplant and replant seedlings (Table 1). Primary
roots of transplants and replants were not signifi-
cantly different (Table 1). This suggests that tap-
roots were damaged and shortened during the ini-
tial manipulation. Greater care was practiced when
digging up the seedlings at the end of the study.
The point where taproots had been broken one
year earlier was often apparent.

The longest secondary root on transplant seed-

lings was significantly longer than those on replants
and controls (Table 1). Transplant seedlings had
conspicuously greater numbers of secondary roots
(A. Mack, pers. obs.). This difference is apparent
in the data for root mass (Table 1): transplant seed-
lings had significantly greater root mass than re-
plants or controls.
HIRHI\’(')RI' AND PATTIOGEN  DAMAGE 1Oy [EAVES.—
Herbivore damage to new leaves did not differ
among the three groups of seedlings. Average loss
of new leaf surface area ranged from 4.7 percent in
replants to 6.2 percent in control seedlings (Table
1). Likewise, damage to leaves was not correlated
with canopy openness (ISF) (R*> = 0.001; N =
128, P > 0.9), nor was percent damage to old
leaves and percent damage to new leaves correlated
(R* = 0.003, N = 66, P > 0.9) among all seed-
lings.

SURVIVORSHIP UNDER PARENT TREES.— T 'he survivor-
ship of seedlings (>2-yr-old) from undispersed
seeds under parent trees (80.3%) was not signifi-
cantly different from the survivorship of seedlings
from dispersed seeds on four belt transects (78.5%)
after 19 mo (Table 2).

Heicir Growtii ann Lear Propuciion unper
paRENT Trels.—Seedlings under parent trees
showed significantly less annual height increase
than seedlings from dispersed seeds (Table 2). We
compared the surface areas of old leaves on seed-
lings away from parent trees (control seedlings
from the experimental manipulation above) to old
leaves of seedlings under parent trees and found
that seedlings from dispersed seeds (controls) had
significantly greater average surface areas (Table 2).
Leaf surface area damaged by herbivores or path-
ogens did not differ between leaves of seedlings
growing under parent trees and leaves of control

seedlings (Table 2).

DISCUSSION

Survival oF AGLAIA seepLNGs.—Although seed-
lings of several taxa exhibit higher survival in gaps
(Augspurger 1984, Augspurger & Kelly 1984,
Denslow ez al. 1990, Popma & Bongers 1991), this
was not the case with Aglaia seedlings transplanted
to gaps over the course of one year. Gap formation
probably did not have an immediate effect on the
survival of Aglaia seedlings if undamaged during
gap formation.

Numerous studies, mostly in Central America
(Clark & Clark 1984, Howe ez al. 1985, Schupp
1988, Kitajima & Augspurger 1989, Willson &
Whelan 1990), have demonstrated very low survi-
vorship of seedlings under parent trees. Aglaia seed-
ling survival from dispersed seeds (away from adult



trees) was no better than that of fallen seeds under
parent trees (Table 2).

GROWTI RESPONSES OF AGLAIA serpUINGS.—Seed-
lings moved to gaps showed a rapid release from
dormancy. These seedlings had 2.5 times the height
growth and produced twice as many leaves and leaf
surface area as seedlings in shade. Transplants to
gaps had longer secondary roots and greater root
dry mass (Table 1) similar to a study of Virola seed-
lings (Fisher ez al. 1991). Because growth responses
can be delayed due to transplant shock (Struve &
Joly 1992), the data probably underestimate how
seedlings 77 situ responded to gap formation. Small
gaps close rather quickly from lateral ingrowth of
adjacent trees (Fetcher er al. 1985); so a rapid re-
sponse to increased light availability will maximize
growth before light levels return to closed-canopy
conditions.

Gap formation stimulates germination of dor-
mant seeds (Garwood 1983, Lawton & Purtz 1988,
Horvirz & Schemske 1994) and triggers new
growth in herbs, seedlings, and saplings, all poten-
tially competitors for light (Uhl er /. 1988). Thus,
rapid growth is advantageous in order to minimize
shading from competitors on the forest foor.
Growth rates of Aglaia seedlings in gaps (12 cm/
yr; Table 1) did not approach those of pioneer spe-
cies that germinate upon canopy opening, but at
75 cm tall (Table 1), dormant Aglaia seedlings have
a substantial height advantage over germinating
seeds. A germinating seedling would require a
growth rate of 87 cm/yr to overtop a released
Aglaia seedling in one year, 50 cm/yr to overtop in
two years, or 37 cm/yr to overtop in three years.
Shade tolerant species, such as Aglaia, may partially
compensate for slower growth rates than competing
pioneer species by having an initial height advan-
tage over competitors.

Seedlings under parent trees had an equally
high survivorship as that of seedlings away from
parent trees, but their growth rates and leaf surface
areas were lower. The reduction in growth rate and
leaf surface area of seedlings from undispersed seeds
could be due to competition with the large mother
tree and the large numbers of nearby siblings.
Aglaia seedling density under parent trees is often
> 50 times greater under parent trees than away
from parent trees (A. Mack, pers. obs.). Hubbell
and Foster (1990} documented greater negative ef-
fects on growth of saplings near conspecifics than
near nonconspecifics. Dispersal might benefic
Aglaia by reducing intraspecific competition.
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Lear moretior0Gy.—Plants grown in shade might
adjust to the different light environment after gap
formation by producing different kinds of leaves
(Canham 1989, Popma e al 1992). Seedlings
transplanted to gaps did not have different leaf
morphology in terms of leaflet number, leaf surface
area, or leaf mass of new leaves. The main response
was an increase in foliar surface area due to an
increase in leaf number. We did not, however, as-
sess possible changes in new leaves such as nitrogen
content, fiber content, leaf thickness, leaf tough-
ness, or size and number of stomata (Mulkey ez 4/
1993).

Hereivore anp ratiiocen pavace.—We did not
quantify damage to leaves caused by identifiable
sources, but instead measured the amount of leaf
surface area that was removed by all sources com-
bined. Unlike some findings (Dudt & Shure
1994), percent damage to leaves was not correlated
to canopy openness (ISF). This suggests that leaves
produced in gaps are not more vulnerable to her-
bivory.

Percent damage to old leaves and damage to
new leaves were not correlated, suggesting that var-
iation in leaf damage is not strongly correlated with
seedling genotype, at least over the length of this
study. If pathogens are transmitted among leaves
within seedlings, one also might expect a correla-
tion between damage to old leaves and new leaves.
Additionally, there was no significant difference be-
tween herbivore damage to seedlings under parent
trees and seedlings away from parent trees. Patho-
gen infection or herbivore infestation do not ap-
pear to be strongly affected by density or nearest-
neighbor distances.

The 1GHr enviRoNmiNT.—The mean beginning
and final ISF values for the control and replant sites
only changed by 8-9 percent of initial ISE This
represents a < 0.5 percent change in canopy open-
ness. However, this belies the dynamic nature of
the forest canopy. Twenty-four sites under closed
canopies became more open by > 20 percent of
their original ISF and 38 sites became more closed
by > 20 percent of their original ISE The shifts
toward increased or decreased canopy openness
above specific sites tended to compensate for each
other over a large spatial scale, but small-scale can-
opy dynamics above specific sites might have had
important implications for the seedlings at those
sites (Chazdon & Pearcy 1991).

Because treefall gaps play a significant role in
rain forest ecology (Pickett 1983, Brokaw 1985,
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Denslow 1987), substantial attention has been de-
voted to rates of gap formation (Clark 1990). Less
attention has been devoted to rates of gap closure
(Fetcher er al. 1985) though these data are equally
important to studies of forest dynamics (Dirzo et
al. 1992). There was a dramatic reduction in can-
opy openness in gaps; in one year the mean ISF
for the gap sites decreased by 25 percent of the
initial mean (roughly a 2.4 % decrease in canopy
openness). Although some gaps can become larger
due to die-off and treefalls along their edges (Den-
slow & Hartshorn 1994), only one gap in this
study exhibited a marked increase in ISF (Fig. 1).
Thus, in closed forest (roughly those points <
0.06 ISF; Fig. 1) the canopy is essentially in equi-
librium, with some points becoming more open
and others darker, whereas in gaps (those points
with ISF > 0.06; Fig. 1) the tendency is for the
canopy to close. In a forest in equilibrium, the
gap formation rate would balance the gap closure
rate. In this study, there may be a discernible dis-
tinction between gaps and closed forest around
0.06 ISF (Fig. 1). However, it is important to note
that the numerical value 0.06 ISF is not directly
applicable to other studies and other sites because
ISF is a relative measure (not calibrated to photon
flux) and because of the substantial error inherent
to the analysis of hemispherical canopy photo-
graphs.

SeepLinG  Bcorocy.—Aglaia seedlings survive in

shade either under the parent tree or away after
dispersal where they persist for years as “dormant”
seedlings. Gap formation above such seedlings trig-
gers new growth. These seedlings (“advanced re-
generation” of some authors) have a competitive
head start on more rapidly-growing successional
species that germinate from the seedbank upon gap
formation. Previously established seedlings can
constitute a major component of regrowth in gaps
(Uhl er al. 1988). Sustainable forest logging oper-
ations {e.g., Hartshorn 19892, b) should try to
minimize damage to extant seedlings in order to
maximize regeneration of shade tolerant species ¢f
heliophilic successional species.
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