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ABSTRACT

QUINTANA-ASCENCIO, P. F., M. GONZALEZ-ESPINOSA AND N. RAMIREZ-MARCIAL (Centro de
Investigaciones Ecoldgicas del Sureste, Apartado Postal 63, San Cristobal de Las Casas, Chiapas,
29200, México). Acorn removal, seedling survivorship, and seedling growth of Quercus cris-
pipilis in successional forests of the highlands of Chiapas, Mexico. Bull. Torrey Bot. Club 119:
6—18. 1992.—Quercus crispipilis (Trel.) is a dominant tree in mature pine-oak forests of the
highlands of Chiapas (Mexico) and Guatemala. Seedlings and saplings of oaks and pines are
found in early, open, seral communities, but are infrequent under the closed canopy of dense
stands. To better define some of the factors affecting the regeneration of Q. crispipilis in frag-
mented forests, we studied acorn removal by animals, and the survival and growth of trans-
planted seedlings (2 months old) and saplings (30 months old) during a 21-month period in
five seral stands (Grassland, Shrubland, and Early Successional, Mid-Successional, and Mature
Forest). Seed removal was high in all stands during April-July 1988, but it was lower in non-
forested sites when acorns were abundant on the ground (October and November). Survival of
seedlings was low in forested stands with deep shade, and mortality was frequently associated
with damping-off. Leaf number per seedling increased with time in the open sites, and did not
significantly change in the more open forest areas. Survival of saplings in the grassy stand was
lower than in the other sites, and sheep browsing and trampling were the main causes of their
death. The highest survival and number of leaves were recorded for saplings at the shrubby
stand. It is concluded that Q. crispipilis is not able to regenerate under deep shade, but requires
open patches in which browsing and trampling by ungulates is absent or minimal. Habitat
fragmentation caused by traditional land use patterns in the study area does not seem to hinder,
and may even facilitate, the natural regeneration of tropical highland pine-oak forests.

Key words: Quercus crispipilis, seed removal, seedling survivorship, succession, montane cloud

forest, tropical highlands, Central America, Mexico.

Regeneration of dominant tree species in forest
habitats is frequently associated with the remov-
al of suppression or the release of resources re-
sulting from disturbance (Brokaw 1985; Runkle
1985). Differences among species in their micro-
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habitat requirements for regeneration have been
used to rank species along a continuum of “shade
tolerance” (Augspurger 1984a; Collins and Good
1987), and may be relatively well known for some
taxa (e.g., Quercus rubra; Crow 1988). The re-
generation of tree species may also be affected
by seed predators (Watt 1919; Shaw 1968a,
1968b; Barnett 1977; Darley-Hill and Johnson
1981; Boucher 1982; Sork et al. 1983; Sork 1984),
pathogens (Augspurger and Kelly 1984; Hilton
et al. 1987), herbivores (Dunn et al. 1987; Tsiou-
varas 1988), competitors, and/or mutualists
(Goldberg 1982, 1985; DeGange et al. 1989).
Most of these studies on regeneration have been
conducted in well preserved, homogeneous hab-
itats, or in small natural gaps in the forest. The
effect of these factors in heterogeneous habitats,
such as those caused by forest fragmentation,
may be different (Janzen 1985, 1986; Lovejoy et



1992] QUINTANA-ASCENCIO ET AL.: REGENERATION OF TROPICAL HIGHLAND OAKS 7

al. 1983, 1986; Wilcove et al. 1986; Gibson et
al. 1988; Borchert et al. 1989).

Oak and pine-oak forests are common to the
subhumid and cool mountainous regions (1300-
2500 m) of southern Mexico and Central Amer-
ica (Miranda 1952; Miranda and Hernandez-
Xolocotzi 1963; Rzedowski 1978; Breedlove
1973, 1981; Jiménez et al. 1988). In the high-
lands of Chiapas (Mexico) and Guatemala it is
possible to find some of the better developed
stands of this type of forest (Standley and Stey-
ermark 1952; Miranda and Hernandez-Xolo-
cotzi 1963). Since pre-Columbian times exten-
sive areas of these forests have been cleared for
shifting cultivation of annual crops and logged
for fuelwood and charcoal burning (Collier 1975;
Veblen 1978; Aleman-Santillin 1989). Current
slash-and-burn agriculture on steep slopes, to-
gether with sheep grazing and commercial log-
ging, maintains a landscape with a complex mo-
saic of successional communities (Wagner 1962).

The upper canopy of mature forests is fre-
quently dominated by a relatively few oak and
pine species. These trees seem to regenerate best
in open stands, with saplings being infrequent
(even though seedlings may be seasonally abun-
dant) in the understory of mature stands. The
purpose of our study was to compare acorn, seed-
ling (2-23 months old), and sapling (30-51
months old) survivorships of Chiquinib oak
(Quercus crispipilis Trel.) in five seral commu-
nities (Grassland, Shrubland, Early Secondary
Forest, Mid-Successional Forest, and Mature
Forest) associated with the traditional land use
patterns in the highlands of Chiapas.

Materials and Methods. The study was con-
ducted in two sites located at Huixtan (16°45'N,
92°30'W), in the middle of the highlands of Chia-
pas, Mexico, at an elevation of 2350-2400 m.
The regional climate is temperate subhumid
(Garcia 1987), with 14-15°C mean annual tem-
perature (nocturnal freezing temperatures are
frequent in non-forested areas from December
through March), and with 1100-1200 mm an-
nual rainfall (more than 80% of the rainfall oc-
curs from May through October; data from 15-
year records at the Chilil weather station, and
from 50-year records at San Cristdbal de Las
Casas). The soils are dark brown, clayey loams,
moderately deep (30-50 cm), and derived from
calcareous rocks. The vegetation includes patch-
es of diverse secondary communities associated
with pine-oak forests, and on the highest peaks,
with montane cloud forest (Miranda 1952;

Breedlove 1981). A more detailed account of
vegetation at the study sites appears in Quintana-
Ascencio (1989) and Gonzalez-Espinosa et al.
(1991).

We identified the following adjacent seral
communities (all in Ejido Chilil, except for Ma-
ture Forest, which was found in Rancho Merced-
Bazom; Table 1):

(a) Grassland: with sporadic grazing by sheep;
this stage remains as a disclimax if moder-
ately grazed.

(b) Shrubland: with sporadic sheep grazing and
dominance by the shrub Baccharis vacci-
nioides H.B.K. and the fern Pteridium aquili-
num L.

(c) Early Secondary Forest: 20-25 yr old; 80—
90% canopy cover, with Myrica cerifera L.,
Rhamnus sp., and non-reproductive (10-15
m height) individuals of Pinus spp., Quercus
laurina Humb. & Bonpl., Q. rugosa Nee, and
Q. crassifolia Humb. & Bonpl. in the canopy.

(d) Mid-Successional Forest: 40—45 yr old; 70—
80% canopy cover, with reproductive indi-
viduals of Q. laurina, Q. crassifolia, Q. ru-
gosa, Pinus oocarpa Schiede, P. pseudostro-
bus Schlecht, and P. oaxacana Mirov in the
canopy (20-25 m height), and Rapanea juer-
gensenii Mez, Symplocos limoncillo Humb.
& Bonpl., Oreopanax xalapensis (H.B.K.)
Decne. & Planch., Fuchsia microphylla
H.B.K., F. thymifolia HB.K., and Litsea
glaucescens H.B.K. 1n the understory.

(e) Mature Forest: 80-100 yr old; tallest trees
reach 35-45 m. Canopy dominants are Q.
laurina, Q. crassifolia, and to a lesser extent
P. oocarpa and P. oaxacana. A treelet stra-
tum (5-15 m) is mostly dominated by Ra-
panea juergensenii and Oreopanax xalapen-
sis, but it also includes Cleyera theaeoides
(Sw.) Choisy, Ternstroemia pringlei (Rose)
Standl., Symplocos limoncillo, Persea sp.,
Magnolia sharpii Miranda, and arborescent
ferns (Cyatheaceae). A dense and diversified
shrub stratum (1-3 m) includes Miconia aff.
hemenostigma Naud., Fuchsia splendens
Zucc., F. paniculata Lindl., F. thymifolia, F.
microphylla, Viburnum jucundum Morton,
Saurauia oreophilla Hemsl., S. latipetala
Hemsl., Cestrum anagyris Dunal, Verbesina
sp., and many ferns such as Woodwardia spi-
nulosa Mart. & Gal., Polypodium spp., The-
lypteris spp., and Lophosoria quadripinnata
(Gmel.) C. Chr.

SPECIES. Quercus crispipilis is an evergreen tree
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Table 1. Vegetation structure of the study stands. More detailed information in Gonzéilez-Espinosa et al.

(1991).
Density Cover
Community strata® (ind/m?) (cm?/m?) Canopy cover (%)
Grassland (GR) 0.0
Herbs 82°
Shrubland (SH) 0.27 £ 0.23
Herbs — 60°
Shrubs 1.64 280
Early Successional Forest (EF) 0.83 £ 0.14
Herbs 25.60 1197
Shrubs 1.65 5405
Trees® 0.85 6.44
Mid-Successional Forest (MF) 0.76 = 0.11
Herbs 42.43 2748
Shrubs 1.30 4001
Low trees 0.17 1.14
Canopy trees 0.11 3.0¢
Mature Forest (MA) 0.94 £ 0.03
Herbs 35.50 451
Shrubs 3.54 11,517
Low trees 0.38 1.5¢
Canopy trees 0.06 2.5¢

a Herbs (<0.5 m height): point-intercept method (in GR and SH), or quadrats (30 samples, 0.2 x 10.0 m).
Shrubs (0.5-3.0 m): quadrat method (25 samples, 2.0 x 10.0 m). Low trees (>3.0 m and <15 ¢cm DBH) and
canopy trees (>15 cm DBH): point-centered quarter method (90 points in each stand). Percent canopy cover
was obtained with upright photographs (18 in each stand) and 400 points per slide.

b Percent ground cover; 2000 points/stand.

< Only one tree layer was considered: 90% of the trees had <15 cm DBH.

4 Sum of the DBH’s (cm/m?).

(10-30 m tall), inhabiting dry and rocky slopes
in the mountains of Chiapas and Guatemala
(1100-2400 m; Standley and Steyermark 1952).
Q. crispipilis occurs in both of our study areas,
but it only becomes dominant below the 2200
m contour line (P. F. Quintana-Ascencio per-
sonal observation). Trees with intermediate traits
between Q. crispipilis and Q. crassifolia are fre-
quently found in the study area; these morphs
may indicate their introgressive hybridization (D.
E. Breedlove personal communication).

AcCORN REMOVAL. Acorns were collected in
March-November, 1988, at Rancho Nuevo, San
Cristobal de Las Casas, Chiapas (2200 m), and
only those which sank in water (the kind found
viable in germination tests) were exposed on the
ground to seed predators. From April through
November 30 groups (10 acorns each; groups
separated by 7-10 m) were exposed each month
for a week in each of the five seral stands. All
seeds missing after one week were assumed to
have been eaten or cached. Each group was
marked with a nearby painted nail to allow its
relocation. No acorns were available in August
and September and acorn predation was not

monitored in these months. The homogeneity of
acorn removal among stands was evaluated with
G-tests (Zar 1984).

SURVIVORSHIP AND (GROWTH OF SEEDLINGS AND
SAPLINGS. Acorn seed coats were broken and
the seeds were then germinated on damp cotton
in the laboratory in April 1988. One-month old
seedlings were put in plastic glasses (90 cm?) filled
with soil from the study sites, and grown in out-
door conditions. In June 1988 we transplanted
56 seedlings with their root/soil ball to each of
the five seral communities (14 four-plant groups
separated by 5 m; 1 m between each plant).
Height, length of longest leaf, and number of
leaves were obtained for each seedling before
transplants; plants of similar sizes were selected.
In June-November 1988 (monthly), May 1989,
and February 1990 we evaluated survivorship,
number of old and new leaves, and number of
leaves showing insect damage on at least 10% of
their area. Cover (length x width), shoot height,
and length of largest leaf were recorded in Sep-
tember—November 1988, May 1989, and Feb-
ruary 1990. Similar non-destructive variables
have been used to detect differences in the per-
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Table 2. Probability that a clump of Q. crispipilis seeds was found (a), and probability that the clump was
completely depleted (b), in each successional stand and month, and G-values obtained with the log-likelihood
ratio-test. Data collected during 1988. Stand identification as in Table 1.

Stand APR MAY JUN JUL oCT NOV
@
GR 0.92 1.00 1.00 1.00 0.15 0.92
SH — - 1.00 1.00 0.16 0.07
EF 1.00 1.00 1.00 1.00 0.73 0.60
ME 0.55 1.00 1.00 1.00 — -
MA 0.80 0.93 0.93 1.00 0.90 0.95
G 30.4%%* 5.6 NS 6.5 NS 0.0 NS 59, 1%+ 64.5%+*
)
GR 0.73 1.00 1.00 1.00 1.00 0.75
SH — — 1.00 1.00 0.03 0.03
EF 0.97 1.00 1.00 1.00 0.20 0.37
MF 0.52 0.97 1.00 1.00 - -
MA 0.70 0.93 0.93 1.00 0.83 0.95
G 18. 1%+ 43NS 6.5 NS 0.0 NS 71, 5%+ 51.0%%*

NS =P > 0.05, ¥* = P < 0.001.

formance of tree seedlings in contrasting habitats
(e.g., Augspurger 1984a). Sample sizes varied as
the study progressed due to seedling mortality.

150 saplings (30-months old) grown in black
plastic bags (1270 cm?) were obtained from the
Campo Experimental Forestal Rancho Nuevo
(INIFAP-SARH). Seeds were collected in 1985
in the same forest stands as those for the acorn
removal tests in 1988. We measured shoot height
and leaf number before transplanting the saplings
in June 1988 (30 plants in each stand; 5 m from
each other plant). Saplings of similar size were
selected for transplants. In July-November 1988,
May 1989, and February 1990 we recorded the
same variables as for seedlings.

We used Kruskal-Wallis tests (Zar 1984) for
the analysis of number of new and total leaves.
The Wilcoxon matched-pairs test (statistic z or
T depending on sample size) was used for the
analysis of paired data (Siegel 1956), as those
between the initial and final evaluation dates.
Log-transformed survivorship data were com-
pared by testing for equal slopes of regression
lines (Zar 1984). Homogeneity of insect damage
on leaves among seral conditions was evaluated
with G-tests (Zar 1984). In all cases n means
sample size. :

RODENT TRAPPING. In May, August, and No-
vember 1988, we set 60 Tomahawk traps (25.0
x 7.0 X 7.5 cm) on two consecutive nights in
each forested successional condition (120 trap-
nights/stand). The traps were baited with rolled
oats and set on an imaginary grid 7-8 m from
each other. Every captured rodent was ear-
marked with paint and released.

Results. Rodent trapping and bird watching
(identification was based on Hall and Kelson
1959; Alvarez del Toro 1964) from May-No-
vember 1988 indicated that the main predators
of acorns on the ground at the study site were
Brush Mouse (Peromyscus boylii levipes Merri-
am), Chiapan Deer Mouse (P. zarhynchus Mer-
riam), Fulvous Harvest Mouse (Reithrodonto-
mys fulvescens chiapensis A. H. Howell),
Guatemalan Gray Squirrel (Sciurus griseoflavus
chiapensis Nelson), Band-tailed Pigeon (Colum-
ba fasciata fasciata Say), Black Throated Jay (Cy-
anolyca pumilo pumilo Strickland), and Steller’s
Jay (Cyanocitta stelleri ridgwayi Miller & Gris-
com). The probability that at least one acorn
could be removed from any given clump (rough-
ly equivalent to the probability that the clump
could be found by seed predators; Gonzalez-Es-
pinosa 1982; Price and Jenkins 1986) differed
among the successional stands, except during the
summer months when almost all clumps were
found and completely depleted (Table 2). Vari-
ation among months was lowest in Mature Forest
and highest in Shrubland. In general, however,
seed predators were adept at locating the seeds.

SEEDLINGS. The survivorship of seedlings from
June 1988 to February 1990 varied among seral
conditions (Fig. 1a). Mortality was significantly
higher in the densest stands (crown cover >80%;
over 25,000 shrubs and trees per ha), and was
mostly due to damping-off. All seedlings trans-
planted in the Early Successional and Mature
Forest stands were dead after 21 months. How-
ever, 30—40% of seedlings in the other stands
survived.
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Fig. 1. Survivorship of Q. crispipilis seedlings (a) and saplings (b) during 21 months in five successional
stands (@ = Grassland; (0 = Shrubland; B = Early Successional Forest; O = Mid-Successional Forest; A = Mature
Forest). Mid-Successional Forest data from October 1988 through February 1990 were proportionally calculated
(based on 28 instead of 30 for saplings, and 48 instead of 56 for seedlings) due to disturbance by selective
logging. Significant differences (P < 0.05) among the slopes of the regressions (with log transformed data; Zar
1984) are indicated with different letters.
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Table 3. Results of Kruskal-Wallis tests for leaf number (TL) and number of new leaves (NL) of Q. crispipilis

seedlings and saplings.

Seedlings Saplings

Month TL NL TL NL
JUN 88 4.28 NS 2.82 NS
JUL 88 4.17 NS 13.80* 74.44%**
AUG 88 28.50%** 31.43%%* 4,76 NS 39.70%*+*
SEP 88 61.56%%* 40.11%+* 11.19% 34.67%%*
OCT 88 42.91%** 22.63%** 8.55 NS 13.13*
NOV 88 40.70%** 11.41%* 22.10%** 5.07 NS
MAY 89 21.59%** 37.69%** 28.42%+* 55.20%**
FEB 90 17.78%** 4.35 NS 33.05%* 6.03 NS

NS =P>0.05,*=P <0.05, **=pP <0.001

The number of leaves varied among succes-
sional stands from two months after having been
transplanted to the field (Fig. 2, Table 3). From
June 1988 to February 1990, there were increases
in mean leaf number in seedlings planted in
Grassland (Wilcoxon’s test: z = —4.5; N = 35,
where N is the number of matched pairs minus
the number of pairs with difference equal to zero;
n = 36, P < 0.001; Siegel 1956) and Shrubland
(T=8,N=23,n=25 P <0.001). There were
no significant differences (P > 0.05) for seedlings
in Mid-Successional Forest (T = 99, N =21, n
= 26). All seedlings in the Mature and Early Suc-
cessional Forest stands had died by February
1990. From August 1988 onwards, the number
of new leaves was significantly different among
seral conditions (Fig. 2, Table 3). Those seedlings
transplanted to Grassland generally produced
more leaves than those in the other stands, and
by May 1989 had replaced 90% of their leaves.

From August 1988 up to February 1990 the
height of surviving seedlings changed signifi-
cantly in Grassland, Shrubland, and Mid-Suc-

cessional Forest (Table 4). Seedling cover and
the length of the longest leaf varied between Sep-
tember 1988 and February 1990 in the Shrub-
land and Mid-Successional Forest stands (Table
4). The mean length of the longest leaf did not
differ throughout the period of the study in any
of the successional conditions (Table 4).
Herbivore damage on seedlings (10-20% of
leaf area on <25% of each individual’s total
leaves) was not different among seral stands.

SAPLINGS. The survivorship of saplings dif-
fered among successional conditions at the end
of the period of study (Fig. 1b). Mortality of sap-
lings in Grassland and Shrubland was caused by
sheep browsing and trampling. Dead saplings in
the forested stands wilted without any apparent
mechanical damage, but showed some pathogen
attack.

A general, but not uniform, decreasing trend
for mean leaf number of saplings occurred in all
seral conditions (Fig. 3). By February 1990 sap-
lings in Shrubland had significantly (P < 0.001)

Table 4. Mean (+ one standard error) height, cover and length of the longest leaf of Q. crispipilis seedlings,
and T or z values from Wilcoxon’s tests for the differences between initial and final data for the same variables
(n = number of matched pairs with sign). Stand identification as in Table 1.

Height (cm) Cover (cm?) Length of longest leaf (cm)
Stand n AUG 88 FEB90 Torz SEP 88 FEB 90 Torz SEP 88 FEB 90 Torz
GR | 36 4.0 7.4 3.3k 3.5 4.7 1.1 NS 3.0 3.6 1.5 NS
(0.15) (0.81) N=234 0.27) (0.7 N =236 (0.15) (0.22) N =28
SH 25 4.3 10.2 4,0 3.2 4.7 87.0* 3.8 3.7 111.0NS
(0.20) (1.09) N =25 ©0.27) (0.72) N =25 0.27) (0.72) N=21
EF 4.1 — — 3.6 — — 4.4 — —
0.20) — — (0.34) — — (0.09) — —
MF 25 4.7 10.7 3.0%*x* 6.4 4.0 3.9%x* 4.8 4.4 102.0 NS
(0.28) 0.77) N=25 (0.28) (0.44) N =26 0.10) (0.27) N=23
MA 4.3 - - 33 — - 4.3 - -
(0.20) - — 0.57) — — (0.19) — —

NS=P>0.05 *=P<0.05 *=pP<0.001.
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Table 5. Mean (+ one standard error) height, cover, and length of the longest leaf of Q. crispipilis saplings,
and T or z values from Wilcoxon’s tests for the differences between initial and final values for the same variables
(n = number of matched pairs with sign). Stand identification as in Table 1.

Height (cm) Cover (cm?) Length of longest leaf (cm)
Stand n MAY 88 FEB 90 Torz SEP 88 FEB 90 Torz SEP 88 FEB 90 Torz
GR 11 14.7 12.5 11.0 NS 14.2 12.9 28.0 NS 5.6 3.8 9.0 NS
(0.56) (2.41) N=11 (1.83) (5.09) N=11 (0.30) (0.78) N=9
SH 22 13.1 13.3 88.5 NS 17.8 21.3 82.0 NS 5.6 5.4 96.0 NS
(0.79) 0.84) N=19 (2.07) (293) N=22 (0.26) (0.36) N=20
EF 19 14.2 19.2 2,0Q%%k 25.3 14.5 20.0** 6.2 7.5 35.5*
(0.52) 0.89) N=15 (1.56) (2549) N=19 (0.16) (0.53) N=18
MF 25 13.4 18.0 32.0%** 28.3 22.4 99.5 NS 6.5 7.7 81.5 NS
(0.56) (1.53) N =25 (1.73) (2.96) N=25 (0.20) (0.46) N=24
MA 16 13.3 16.8 25.0 NS 20.6 8.2 1.0%** 5.9 6.1 46.5 NS
(0.56) (1.42) N=15 (1.64) (1.93) N=16 (0.18) (0.51) N=14

NS=P>0.05*=P <0.05*=pP <0.01, ¥ =P <0.001.

more leaves than those in Grassland, Early Suc-
cessional and Mature Forests; Mid-Successional
Forest was intermediate (Fig. 3, Table 3). Brows-
ing damage by sheep from May through July
1988 decreased the number of leaves of saplings
in Grassland and Shrubland (Fig. 3). However,
those plants which lost more leaves produced a
higher number of new leaves (+ = 0.39, n = 50,
P < 0.01; Fig. 4).

Saplings in the Early Successional and the Mid-
Successional Forest stands showed significant
mean height changes from May 1988 through
February 1990 (Table 5). No changes in height
were observed during the same period in Mature
Forest, Shrubland, and Grassland (Table 5).

Cover of saplings decreased from September
1988 up to February 1990 in Early Successional
Forest and Mature Forest (Table 5). A significant
increase in the length of the largest leaf was only
recorded in the Early Successional Forest (Table
5). In general, the lowest values for both variables
were recorded in Grassland, Shrubland and Ma-
ture Forest and the highest in Mid-Successional
Forest.

Herbivore insect damage on saplings (10-20%
of leaf area on <30% of each individual’s total
leaves) was not different among successional con-
ditions.

Discussion. Traditional land use patterns in
the highlands of Chiapas are similar to those
occurring elsewhere in populated tropical high-
land areas. Under less intensive land use, shifting
agriculture in forested regions resulted in a het-
erogeneous landscape with seral stands of widely
varying successional ages. More recently, this
heterogeneity has tended to decrease as more ex-

tensive areas are permanently used as grazing
lands. In this study, we have attempted to un-
derstand how different fragments of this dynamic
landscape affect the recovery and conservation
of a dominant species.

Seed removal of Q. crispipilis was higher in the
forested than in the open stands when acorns
were abundant on the ground (October and No-
vember). Similar seed removal differences among
prairie and deciduous forest sites have been re-
ported by Stapanian and Smith (1986) and Sta-
panian (1986) with fox squirrels (Sciurus niger).
On a local scale, populations of seed predators/
dispersers may temporarily concentrate on the
richest patches of the habitat. Gonzalez-Espi-
nosa (1982, 1984) induced this response with
Liomys irroratus (Heteromyidae) when the nat-
ural Opuntia (Cactaceae) seed and fruit crop was
experimentally changed in the field. Differences
among habitats in seed removal and dispersal
rates have been found to influence the chances
of invasion and distribution of tree species in
mosaic landscapes. Red squirrels (Tamiasciurus
hudsonicus) rarely are active far away from trees,
thus limiting seed dispersal into open habitats
(Benkman et al. 1984), but other animals like
Jjays (Bossema 1979), small rodents (Jensen and
Nielsen 1986), and fox squirrels (Stapanian and
Smith 1986) may store large seeds in open hab-
itats contributing to their invasion by nut-bear-
ing trees.

The growth and survivorship of seedlings and
saplings of Q. crispipilis was affected by succes-
sional age. The results of transplant experiments
show that Q. crispipilis grew faster in open sites
than in forested stands. However, browsing and
trampling by sheep, which typically occurs in
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Fig. 4. Relationship between proportion of new leaves produced by Q. crispipilis saplings in July 1988 and
proportion of leaves lost in May-July 1988 in the Grassland (solid circles) and Shrubland (open squares) stands

(r=10.39,n =50, P < 0.01).

non-forested habitats under current land cultural
practices, was a common cause of plant death
and biomass removal in the open stands. Those
individuals surviving herbivore damage had the
highest leaf turnover rate, as has been previously
reported for other Quercus species (Hilton et al.
1987; Tsiouvaras 1988).

The performance of plants in the Mid-Succes-
sional Forest indicates that Q. crispipilis can re-

generate under a moderately closed overstory.
Under these conditions, by expanding its leaves
and elongating its shoot, this oak may adjust leaf
temperature and increase light interception and
water use efficiency (Parkhurst and Loucks 1972;
Givnish 1979). The regeneration of oak species
under the rather open canopy of secondary pine
forests is common to temperate forests (Quarter-
man and Keever 1962; Auclair and Cottam 1971;



16

Peet and Christensen 1980, 1987; McCune and
Cottam 1985; Takenaka 1986; Crow 1988; Fos-
ter 1988).

The low seedling and sapling survivorship and
growth observed under very closed canopies (like
those of Early Successional and Mature Forests),
suggests that this species does not tolerate deep
shade; this is corroborated by studies of popu-
lation dynamics for the other Quercus species at
our study sites (Gonzalez-Espinosa et al. 1991).
The ground-level irradiance regimes in the for-
ested stands could be below the photosynthetic
light compensation point of Q. crispipilis most
of the time. However, no adequate instruments
were available to measure these variables in the
field, and no information exists about the light
requirements of Q. crispipilis. Alternatively, and
as found elsewhere, the mortality of tree seed-
lings under shade could be frequently associated
with fungal diseases (Vaartraja 1962; Grime 1965,
Takenaka 1986). Low light levels under closed
canopies decrease temperature and may increase
soil and air humidity, creating more favorable
conditions for pathogen attack on seedlings
(Augspurger 1984b; Augspurger and Kelly 1984).
Additionally, litter accumulation in our forested
stands could enhance death of seedlings by pro-
viding a favorable microhabitat for fungal prop-
agation and growth. Sydes and Grime (1981)
found a negative correlation between the bio-
mass of seedlings and herbs and the amount of
litter in a Quercus petraea forest in Great Britain.

The results indicate that Q. crispipilis regen-
eration may decrease as forest canopy density
increases. Forest rejuvenation by small natural
and artificial clearings may contribute to Q. cris-
pipilis recruitment and the release of its sup-
pression in dense stands. In grassy habitats low
acorn availability, and browsing and trampling
by sheep, arrest its establishment. Seedlings and
saplings in early-successional shrub-dominated
communities are more protected against injury
by ungulates, and at the same time are exposed
to apparently more favorable light, temperature,
and humidity conditions for their growth and
survivorship.

Tropical highland forests are currently disap-
pearing due to the expansion of grazing areas
(Veblen 1978; Jiménez et al. 1988; Parra-Vaz-
quez and Mera-Ovando 1989). This trend de-
creases the complexity of the seral mosaic while
increasing the isolation of the remnant late suc-
cessional forest patches. Our results suggest that
the recovery of mountain forests in tropical high-
lands could be accelerated if early-shrubby and
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mid-successional communities are frequent. The
conservation of such natural forest resources
might, thus, be achieved with the reestablish-
ment of the landscape’s heterogeneity and with-
out necessarily preventing agricultural land use.
More extensive long-fallow (>25 yr) milpa ag-
riculture and deferred/rotational grazing would
provide this heterogeneous landscape.

Literature Cited

ALEMAN-SANTILLAN, T. 1989. Los sistemas de pro-
duccioén forestal y agricola de roza, pp. 83-151. In
M. R. Parra-Vazquez [ed.], El subdesarrollo agri-
cola en Los Altos de Chiapas. Universidad Autén-
oma Chapingo, Chapingo, México.

ALVAREZ DEL TOrRO, M. 1964. Lista de las aves de
Chiapas: Endémicas, emigrantes y de paso. Insti-
tuto de Ciencias y Artes de Chiapas, Tuxtla Gu-
tiérrez, Chiapas, México.

AUCLAIR, A, N. AND G. CotTtaM. 1971. Dynamics of
black cherry (Prunus serotina Ehrh.) in southern
Wisconsin oak forests. Ecol. Monogr. 41: 153-177.

AUGSPURGER, C. K. 1984a. Light requirements of
neotropical tree seedlings: A comparative study of
growth and survival. J. Ecol. 72: 777-795.

. 1984b. Seedling survival of tropical tree spe-

cies: Interactions of dispersal distance, light-gaps,

and pathogens. Ecology 65: 1705-1712.

AND C. K. KeLLY. 1984. Pathogen mortality
of tropical tree seedlings: Experimental studies of
the effects of dispersal distance, seedling density,
and light conditions. Oecologia (Berlin) 61: 211-
217.

BARNETT, R.J. 1977. The effect of burial by squirrels
on germination and survival of oak and hickory
nuts. Amer. Midl. Nat. 98: 319-330.

BENKMAN, C. W, R. P. BALDA AND C. C. SMITH. 1984.
Adaptations for seed dispersal and the compro-
mises due to seed predation in limber pine. Ecology
65: 632-642.

BORCHERT, M. 1., F. W. DAvIs, J. MICHAELSEN AND L.
D. Ovier. 1989. Interactions of factors affecting
seedling recruitment of blue oak (Quercus douglasii)
in California. Ecology 70: 389—404.

Bossema, I. 1979. Jays and oaks: An eco-ethological
study of symbiosis. Behaviour 70: 1-117.

BoucHer, D. H. 1982. Seed predation by mammals
and forest dominance by Quercus oleoides, a trop-
ical lowland oak. Oecologia (Berlin) 49: 409—414.

BrREeDLOVE, D. E. 1973. The phytogeography and
vegetation of Chiapas (Mexico), pp. 149-165. In
A. Graham [ed.], Vegetation and vegetational his-
tory of northern Latin America. Elsevier, Amster-
dam.

1981. Flora of Chiapas. Part I: Introduction
to the flora of Chiapas. The California Academy of
Sciences, San Francisco, CA.

Brokaw, N. V. L. 1985, Treefalls, regrowth, and
community structure in tropical forests, pp. 53-69.
In S. T. A. Pickett and P. S. White [eds.], The
ecology of natural disturbance and patch dynamics.
Academic Press, Orlando, FL.

COLLIER, G. A. 1975. Fields of the tzotzil: The eco-
logical bases of tradition in highland Chiapas. The
University of Texas Press, Austin, TX.



1992] QUINTANA-ASCENCIO ET AL.: REGENERATION OF TROPICAL HIGHLAND OAKS 17

COLLINS, S. L. AND R. E. Goop. 1987. The seedling
regeneration niche: Habitat structure of tree seed-
lings in an oak-pine forest. Oikos 48: 89-98.

Crow, T. R. 1988. Reproductive mode and mech-
anisms for self-replacement of northern red oak
(Quercus rubra). A review. Forest Sci. 34: 19-40.

DARLEY-HILL, S. AND C. JOHNSON. 1981. Acorn dis-
persal by the blue jay (Cyanocitta cristata). Oecolo-
gia (Berlin) 50: 231-232.

DEGANGE, A. R., J. W. FITZPATRICK, J. N. LAYNE AND
G. E. WOOLFENDEN. 1989. Acorn harvesting by
Florida scrub jays. Ecology 70: 348-356.

DunNn, J. P, T. W. KiMMERER AND D. A. POTTER.
1987. Winter starch reserves of white oak as a
predictor of attack by the twolined chestnut borer
Agrilus bilineatus (Weber) (Coleoptera: Bupresti-
dae). Oecologia (Berlin) 74: 352-355.

FosTer, D. R. 1988. Species and stand response to
catastrophic wind in central New England, USA. J.
Ecol. 76: 135-151.

GARCiA, E. 1987. Modificaciones al sistema de clas-
ificacién climatica de Koeppen. Instituto de Geo-
grafia, Universidad Nacional Auténoma de Méxi-
co, México.

GiBsoN, D. I, S. L. CoLuins AND R. E. Goop. 1988.
Ecosystem fragmentation of oak-pine forests in the
New Jersey pinelands. For. Ecol. Managem. 25:
105-122.

GivnisH, T. J. 1979. On the adaptive significance of
leaf form, pp. 375-407. In O. T. Solbrig, S. Jain,
G. B. Johnson and P. H. Raven [eds.], Topics in
plant population biology. Columbia University
Press, New York, NY.

GOLDBERG, D. E. 1982. The distribution of evergreen
and deciduous trees relative to soil type: An ex-
ample from the Sierra Madre, Mexico and a general
model. Ecology 63: 942-951.

1985. Effects of soil pH, competition, and
seed predation on the distribution of two tree spe-
cies. Ecology 66: 503-511.

GoNzALEz-EspinosA, M. 1982. Seed predation by
desert harvester ants and rodents in central Mexico.
Ph.D. Thesis, University of Pennsylvania, Phila-
delphia, PA.

1984. Comparative ecology of three rodent

species in a semiarid habitat in central Mexico. Bull.

Ecol. Soc. Amer. 65: 96.

, P. F. QuUINTANA-AsceENCIO, N. RaMmi-
REZ-MARCIAL AND P. GAYTAN-GUZMAN. 1991.
Secondary succession in disturbed Pinus-Quercus
forests in the highlands of Chiapas, Mexico. J. Veg.
Sci. 2: 351-360.

GrRIME, J. P. 1965. Shade tolerance in flowering plants.
Nature 208: 161-163.

HaLrL, E. R. AND K. R. KELSON. 1959. The mammals
of North America, Vol. I. Ronald Press, New York,
NY.

HiLToN, G. M., J. R. PACKHAM AND A. J. WiLLIS. 1987.
Effects of experimental defoliation on a population
of pedunculate oak (Quercus robur L.). New Phytol.
107: 603-612.

Janzen, D. H. 1985. On ecological fitting. Oikos 45:
308-310.

. 1986. The future of tropical ecology. Annu.
Rev. Ecol. Syst. 17: 305-324.

JENSEN, T. S. AND O. F. NIELSEN.

1986. Rodents as

seed dispersers in a heath-oak wood succession.
Qecologia (Berlin) 70: 214-221.

JIMENEZ, W., A. CHAVERRI, R. MIRANDA AND 1. ROJAS.
1988. Aproximaciones silviculturales al manejo de
un robledal (Quercus spp.) en San Gerardo de Dota,
Costa Rica. Turrialba 38: 208-214.

Lovejoy, T. E., R. O. BIERREGAARD, JR., J. RANKIN
AND H. O. R. ScHUBART. 1983. Ecological dy-
namics of tropical forest fragments, pp. 377-384.
InS. L. Sutton, T. C. Whitmore and A. C. Chadwick
[eds.], Tropical rain forest: Ecology and manage-
ment. Blackwell, Oxford.

, R. O. BIERREGAARD, JR., A. B. RyLaNDS, J. R.
MaLcorm, C. E. QUINTELA, L. H. HARPER, K. S.
BrOWN, JR., A. H. PoweLL, G. V. N. PoweLL, H.
O. R. ScHUBART AND M. B. HAys. 1986. Edge and
other effects of isolation on Amazon forest frag-
ments, pp. 257-285. In M. E. Soulé [ed.], Conser-
vation biology: The science of scarcity and diver-
sity. Sinauer, Sunderland, MA.

McCuNE, B. AND C. CotTaM. 1985. The successional
status of southern Wisconsin oak woods. Ecology
66: 1270-1278.

MIRANDA, F. 1952. La vegetaciéon de Chiapas. Pri-
mera Parte. Ediciones del Gobierno del Estado,
Tuxtla Gutiérrez, Chiapas, México.

AND E. HERNANDEz-XoLocotzi. 1963. Los
tipos de vegetacion de México y su clasificacion.
Bol. Soc. Bot. Méx. 28: 29-179.

PARKHURST, D. F. AND O. L. Loucks. 1972. Optimal
leaf size in relation to environment. J. Ecol. 60:
505-537.

PARRA-VAZQUEZ, M. R. AND L. M. MERA-OVANDO.
1989. La organizacién social para la produccidn,
pp. 315-405. In M. R. Parra-Vazquez [ed.], El sub-
desarrollo agricola en Los Altos de Chiapas. Uni-
versidad Autébnoma Chapingo, Chapingo, Méx-
ico.

PeeT, R. K. AND N. L. CHRISTENSEN. 1980. Succes-
sion: A population process. Vegetatio 43: 131-140.

AND . 1987. Competition and tree death.
BioScience 37: 586-594.

PRICE, M. V. AND S. H. JENKINS. 1986. Rodents as
seed consumers and dispersers, pp. 191-235. In D.
R. Murray [ed.], Seed dispersal. Academic Press,
New York, NY.

QUARTERMAN, E. AND C. KEEVER. 1962. Southern
mixed hardwood forest: Climax in the southeastern
coastal plain, USA. Ecol. Monogr. 32: 167-185.

QUINTANA-ASCENCIO, P. F. 1989. La condici6n suce-
sional de dos encinos dominantes (Quercus laurina
Humb. & Bonpl. y Q. crispipilis Trel.) de los bos-
ques de Los Altos de Chiapas. M.Sc. Thesis, Colegio
de Postgraduados, Chapingo, México.

RUNKLE, J. R. 1985. Disturbance regimes in tem-
perate forests, pp. 17-33. In S. T. A. Pickett and
P. S. White [eds.], The ecology of natural distur-
bance and patch dynamics. Academic Press, Or-
lando, FL.

RzepowsKl, J. 1978. Vegetacion de México. Limusa,
México.

SHAwW, M. W. 1968a. Factors affecting the natural
regeneration of sessile oak (Quercus petraea) in North
Wales. I. A preliminary study of acorn production,
viability and losses. J. Ecol. 56: 565-583.

1968b. Factors affecting the natural regen-

eration of sessile oak (Quercus petraea) in North




18

Wales. I1. Acorn losses and germination under field
conditions. J. Ecol. 56: 647-660.

SIEGEL, S. 1956. Nonparametric statistics for the be-
havioral sciences. McGraw-Hill, New York, NY.

SoRrk, V. L. 1984. Examination of seed dispersal and
survival in red oak Quercus rubra (Fagaceae), using
metal tagged acorns. Ecology 65: 1020-1022.

, P. STACEY, AND J. E. AveEreTT. 1983. Utili-
zation of red oak acorns in a non-bumper crop year.
Oecologia (Berlin) 59: 49-53.

STANDLEY, P. C. AND J. A. STEYERMARK. 1952. Flora
of Guatemala: Fagaceae. Fieldiana (Botany) 24: 369
396.

STAPANIAN, M. A. 1986. Seed dispersal by birds and
squirrels in the deciduous forests of the United
States, pp. 225-236. In A. Estrada and T. H. Flem-
ing [eds.], Frugivores and seed dispersal. Dr. W.
Junk, Dordrecht, The Netherlands.

AND C. C. SmiTH. 1986. How fox squirrels
influence the invasion of prairies by nut-bearing
trees. J. Mammal. 67: 326-332.

Sypes, C. AND J. P. GRIME. 1981. Effects of tree leaf
litter on herbaceous vegetation in deciduous wood-
land. 1. Field investigations. J. Ecol. 69: 237-248.

BULLETIN OF THE TORREY BOTANICAL CLUB

[VoL. 119

TAKENAKA, A. 1986. Comparative ecophysiology of
two representative Quercus species appearing in dif-
ferent stages of succession. Ecol. Res. 1: 129-140.

TsioUvARAs, C. N. 1988. Long-term effects of clip-
ping on production and vigor of Kermes oak (Quer-
cus coccifera). For. Ecol. Managem. 24: 159-166.

WAGNER, P. L. 1962. Natural and artificial zonation
in a vegetation cover: Chiapas, Mexico. Geogr. Rev.
52: 252-274.

WATT, A. S. 1919. On the causes of failure of natural
regeneration in British oakwoods. J. Ecol. 7: 173-
203.

WiLCOVE, D. S., C. H. McLELLAN AND A. P. DoBson.
1986. Habitat fragmentation in the temperate zone,
pp. 237-256. In M. Soulé [ed.], Conservation bi-
ology: The science of scarcity and diversity. Sinau-
er, Sunderland, MA.

VAARTRAJA, O. 1962. The relationship of fungi to
survival of shaded tree seedlings. Ecology 43: 547—
549.

VesLeN, T. T. 1978. Forest conservation in highland
Guatemala. Geogr. Rev. 68: 417434,

ZAR, J. H. 1984. Biostatistical analysis. Prentice-Hall,
Englewood Cliffs, NJ.

NOTES

Scientists Focus on New York’s
Future in Spring Conference at the
New York State Museum

The future of New York State’s natural re-
sources will be the focus of scientists from
throughout the Northeast, meeting for “The New
York Natural History Conference II”” at the New
York State Museum in Albany April 29 through
May 1, 1992.

Keynote speaker is Peter Raven, Director of
the Missouri Botanical Garden, one of today’s
most prominent biologists. Dr. Raven has been
concerned with development of the Garden’s re-
search programs in tropical and temperate bot-
any. A member of the National Academy of Sci-
ences and a recipient of the International
Environmental Leadership Medal, he is author
or editor of 16 books and more than 400 sci-
entific papers on topics as diverse as general bot-
any, plant systematics, chromosome biology,
biogeography, conservation biology and ethno-
botany.

The conference will examine natural history

research in New York State and focus attention
on critical research needs.

The program will include presentations by sci-
entists from throughout the Northeast on topics
including rare and exotic species, the ecology of
lakes and streams, forest and wetland history,
animal ecology, the Hudson River and Lake
George, and others.

For more information on The New York Nat-
ural History Conference call 518/474-5812.

Organization of Biological
Field Stations

Summer opportunities for field courses in 1992
offered at biological field stations are summa-
rized in a poster prepared by the Organization
of Biological Field Stations. Most offerings are
intended for undergraduate and graduate stu-
dents in biology. For a copy, contact Dr. Richard
W. Coles, Secretary OBFS, Washington Univer-
sity Tyson Research Center, P.O. Box 351, Eu-
reka, MO 63025.



