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Abstract

Benigno Gonzalez-Rivas 2005. Tree species diversity and regeneration of tropical
dry forests in Nicaragua. Doctoral dissertation.
ISSN 1652-6880 ISBN 91-576-6957-0

The thesis summarises results from four studies in dry forests of Nicaragua aiming to gain
knowledge supporting conservation and rehabilitation efforts in these highly threatened
forests. In the first study, tree species composition, structure and diversity of dry deciduous
and gallery forests was carried out in Chacocente National Wildlife Refuge during 1994
and 2000. A total of 29 families, 49 genera and 59 species were represented in 2 ha
permanent plots in dry deciduous forest during 1994 and 2000 assessments. In the gallery
forest, the number of families, genera and species recorded in 2000 inventory was 33, 48
and 58, respectively, and slightly higher than the 1994 inventory. The number of stems > 10
cm dbh varied from 451 (1994) to 489 (2000) per ha in the deciduous forest, and from 283
(2000) to 298 (1994) per ha in the gallery forest. The gallery forest was found to be more
diverse than the deciduous forest using Fisher’s diversity index. In the second study, the
temporal and spatial variation in seedling and sapling population densities of Gyroscarpus
americanus, Calycophyllum candidissimum, Haematoxylon brasiletto and Cedrela odorata
were investigated in the dry forest in Chacocente National Wildlife Refuge for three
consecutive years. The density of seedlings and saplings varied significantly over time and
among species. The overall density of recruits was higher for G. americanus and C.
candidissimum compared with H. brasiletto and C. odorata. The net change in population
density of seedlings and saplings was positive for C. candidissimum only, indicating a
continuous and advanced regeneration. For the two most abundant species, G. americanus
and C. candidissimum, the population density of recruits varied with respect to slope of the
terrain and crown exposure to direct sunlight, thus resulted in clumped pattern of
regeneration. The third study dealt with soil seed bank assembly following secondary
succession on abandoned agricultural fields in a chronosequence of 4 to 14 years. The
species composition of the seed bank and seed density varied significantly with increasing
age of abandonment. A total of 3, 5 and 9 species were found on sites abandoned 4, 9 and
14 years ago, respectively. The total number of seeds ranged from 327 in the 4-year old site
to 146 in the 14-year old site, and the density of viable seeds ranged from 141 seeds m? in
the 4-year old site to 22 seeds m™ in the 14-year old site. In the fourth study, seed
germination responses of C. candidissimum, C. odorata and Guaiacum sanctum, to
different constant and alternating temperature regimes under continuous light or darkness in
the laboratory, and the effect of canopy cover on seedling survival of C. odorata and G.
sanctum in the field were investigated. Among the species tested, germination of C.
candidissimum seeds was positively photoblastic, and for all species the optimal
temperature for germination was 20-25°C. Survival of G. sanctum seedlings was higher in
all three sites, but the relative growth rate in collar diameter was higher in open sites.
Survival was poor for C. odorata.
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Introduction

General background

Nicaragua has 250,000 ha of tropical dry forest, representing ca. 2% of the total
forest cover (Harcourt & Sayer, 1996). According to Roldan (2001), 80% of dry
forests in Nicaragua have been converted to coffee plantations, agricultural fields
and animal husbandry farms. In general, the main problems of the forestry sector
in Nicaragua include; illegal cutting, conversion of the forest to agricultural land,
fire, and insects attacks (Anon., 2004). According to Holdridge’s criteria, tropical
and subtropical dry forest are found in frost-free areas where mean annual
temperature is above 17°C, annual rainfall ranges from 250 to 2000 mm, and the
ratio of potential evapotranspiration to precipitation is greater than one, to a
maximum value of two. By these criteria, 49% of the vegetation of Central
America (an area extending from Guatemala to Panama) and the Caribbean (an
area extending from Cuba to Grenada) is considered as dry forest (Murphy &
Lugo, 1995). Tropical dry forests experience long dry season (4 — 8 months) and
the rainy period is somewhat unreliable. During the dry season, not only moisture
stress but also temperature increases and daytime humidity drops and watercourses
either dry up or greatly diminish in volume. In response to these environmental
changes, most plants cease their vegetative growth and many species shed their
leaves while several woody species flower, mature their fruits and disperse seeds.
Dry tropical forest stands are smaller in stature, lower in biomass and less complex
floristically and structurally than tropical rain forests (Murphy & Lugo, 1986).
They are closed stands with no substantial opening in the crown cover (above 80
percent), the trees are approximately 15-20 m high and they lose their leaves, with
few exceptions, during part of the year. The understory comprises of sparse and
scattered evergreen or deciduous shrubs, with a few grass tufts (Bellefontaine &
Petrucci, 2000).

Plant species of this ecosystem have slower growth rates and restricted
reproductive episodes compared to a tropical rain forest, making them more
susceptible to disturbance (Kalacska et al., 2004). The gallery forest within the dry
zone occurs as narrow patches along the fringes of semi-permanent watercourses
(Lamprecht, 1989). It has a different species composition, structure and stand
density than the more common deciduous forest. The vegetation is mostly
evergreen, the trees are taller and the majority of the trees have a diameter
exceeding 35 cm dbh. In Nicaragua, the tropical dry forest environment has the
following characteristics; stable and high temperatures with annual mean
temperature between 24 and 30°C, mean annual precipitation between 800 and
1500 mm, and duration of the dry season from five to eight months (Faurby &
Barahona, 1998).

Generally, the tendency of human populations to concentrate in drier climates
has hastened the rate of dry forest degradation (Murphy & Lugo, 1995). The dry
forest in Nicaragua is located in the Pacific region of the country (Faurby &
Barahona, 1998). The majority of Nicaraguan populations (60%) also live around
tropical dry forest; thus causing a strong pressure on this forest due to increased



consumption of timber, firewood and charcoal (Sabogal & Valerio, 1998; Anon.,
2004). Historically, the land use along the pacific coast has been extensive
agriculture, animal grazing, and subsistence farming. The dry forests in Nicaragua
are of significant socioeconomic importance to many rural communities, providing
a variety of timber and non-timber products. Sustainable land use systems are
urgently needed for tropical dry forest in general and that of Nicaragua in
particular, which should be based on detailed knowledge of forest structure,
function, and response to perturbation (Maass, 1995).

Tree species diversity of the Neotropical dry forest

Forests are the most diverse terrestrial ecosystems. Forest biodiversity also has
important economic, social and cultural roles in the lives of many indigenous and
local communities. It provides livelihoods for hundreds of millions of people
worldwide, through production of timber, pulpwood, firewood, fodder, meat, and
medicinal plants. Forests also provide a variety of ecological services that are
extremely important to the health and integrity of the ecosystem.

According to Murphy and Lugo (1986), 1-3 ha of dry forests commonly contain
between 35 and 90 tree species. The most diverse Neotropical dry forests are
located in Mexico and South America. For example, dry forests of high diversity
are found in Chamela, Mexico and Quiapaca, Bolivia (Kalacska et al., 2004).
Gordon et al. (2004) reported that tropical dry forest in Oaxaca, Mexico is more
diverse than Honduras tropical dry forest on family, genus and species levels. The
most specious families found in Honduras were Mimosaceae with 16 species,
Papilionaceae with 11 species and the most specious families encountered in
Oaxaca were Mimosaceae with 25 species and Papilionaceae with 24 species.

Species richness and diversity of tropical forest are frequently lower in mature
forests than during regeneration phases (Saldarriaga et al., 1988; Brown & Lugo,
1990; Aide et al., 1996). According to Horn (1976), this is due to higher species
diversity reached at intermediate succession stages, when changing environmental
conditions allow simultaneous occurrence of species typical of both early and late
succession stages. In addition, tropical forest diversity generally increases with
precipitation. The average number of tree species occupying 0.1 ha plots in the
Neotropics increased by 50 for each 100 cm increase in average yearly
precipitation (Perry, 1994; Berry, 2002). Typically lowland forests have 50-70
species with dbh greater than 2.5 cm in 0.1 ha and moist semi-evergreen forests
have 100-150 species. The average species richness for 23 Neotropical dry forests
is 65 species per ha compared with the lowland wet and moist forests average of
152 species per ha (Gentry, 1995). Fragments of tropical dry forests in Central
America differ significantly in floristic diversity and structure, although Fabaceae
is generally dominant based on number of tree and shrub species per family by site
(Gillespie, Grijalva & farris, 2000).

Forest diversity is being lost because of rapid deforestation, fragmentation and
degradation (Perry, 1994; Kattan, 2002). Degradation and conversion of dry
forests are far more advanced than in wet forests; only a small fraction remains
intact, and the area explicitly conserved is hardly perceptible. Restoration of



severely degraded forest ecosystems is harder (Janzen, 1988) and species
reintroduction is not an easy task. This is unfortunate since forests with prolonged
annual droughts occupy larger areas than wet forests; are of great importance to
humans, and are still poorly known in most areas (Mooney, Bullock & Medina,
1995). Conversion of tropical dry forest to agriculture and pasture still continues
with an increasing rate in many parts of the tropics, and entails nearly total
destruction of forest structure and composition, and disruption of ecosystem
functions (Maass, 1995). Deforestation has been variable in time and space, and
over the last 50 years it has shown an increasing trend (FAO, 2001). Due to
extensive commercial cutting, some species are more threatened, for example,
Cedrela odorata, Bombacopsis quinatum and Switenia humilis in the dry forests of
Central America (Tercero & Urrutia, 1994). For all these reasons, plant genetic
resources are depleted by genetic erosion and by the extinction of certain species
(Bellefontaine & Petrucci, 2000). The forest cover in Nicaragua in 1983 was of
7,666,800 ha. In the year 2000 the forest cover was estimated to be 5,597,700 ha.
Based on this information Nicaragua has lost 2,069,100 ha of the forest cover in
17 years period, representing 27% of the total forest cover (Anon., 2004). Plant
species richness in the country is 6500 species of vascular plants, distributed over
223 families. No information is available about which and how many species are
under extinction threat (Anon., 2004). Consequently, there is a great need for such
information in order to develop guidelines for conservation and management of
the remaining relict patches.

Natural Regeneration

Natural regeneration refers to the natural process by which plants replace or re-
establish themselves, usually from an abundant production of seeds that germinate
to assure the development of new forests (Malcolm, 1999). Seedlings represent the
final stage in the process of regeneration from seed. The period between seed
germination and establishment of an independent juvenile plant is one of the most
vulnerable stages in the life cycle of plants (Kitajima & Fenner, 2000). Tree
seedling dynamics are affected by various environmental factors such as soil
moisture, temperature, micro-scale disturbance, canopy cover (light condition) and
deep leaf layers (Gerhardt, 1996; Nagamatsu, Kenji & Akiko, 2002). Biotic factors
such as herbivores, fungal infection and inter-species competition have also been
reported to affect seedling demography (Nagamatsu, Kenji & Akiko, 2002). The
spatial distribution of recruits is also important in the understanding of natural
regeneration dynamics (Condit et al., 2000), as natural regeneration is often
heterogeneous, depending on seed dispersal, viability, dormancy, predation,
herbivory and environmental conditions (Gerhardt & Hytteborn, 1992; Bekele,
2000; Kitajima & Fenner, 2000; Khurana & Singh, 2001; McLaren & McDonald,
2003; Enoki & Abe, 2004). In general, the dynamics of tropical dry forests and the
environmental and regeneration requirements of particular tree species are still
little known (Gerhardt, 1993). Information on the regenerative strategies of
especially less common species is often lacking (Grime & Hillier, 2000). Thus,
information about the dynamics of natural regeneration of dry forest species is



necessary for developing guidelines for its restoration and sustainable
management (Saenz & Finegan, 2000).

Soil seed Bank

All viable seeds present on or in the soil or associated litter constitute the soil seed
bank (Simpson, Leck & Parker, 1989). There are two general types of soil seed
bank; transient and persistent. Transient seed bank is one in which none of the
seeds produced in a given year remain viable in the habitat for more than 1 year,
whereas seeds in a persistent seed bank remain viable for 1 or more years (Baskin
& Baskin, 1998). Seeds display both horizontal and vertical dispersion, reflecting
initial dispersal onto the soil and subsequent movement (Simpson, Leck & Parker,
1989). The presence of different types of seed banks provides a vital clue to the
mechanisms which permit species to coexist in perennial plant communities. This
diversity in seed bank behaviour not only indicates how variation in form,
intensity, and seasonal distribution of habitat disturbance facilitates
complementary forms of regeneration, but it also provides a basis for
manipulations of species composition by shifting the opportunities for seedling
establishment in one direction or another (Grime, 1989). Much of the small and
large scale spatial heterogeneity of soil seed banks within tropical vegetation may
be related to patterns of seed dispersal, abundance of predators, local edaphic
conditions (fertility or drainage), or other factors that have been little studied
(Garwood, 1989).

It has been shown that soil seed density and richness increase as secondary
forest succession advances in tropical dry forests (Scholz, Gonzalez & Vilchez,
2004), although the size of tropical seed banks are generally low (Skoglund, 1992).
Deeper soil layer density of seeds and species richness also decrease in contrast to
upper soil layer (Teketay, 1996; Scholz, Gonzalez & Vilchez, 2004). Seed bank
density and richness have been reported to change along temporal (succession)
and spatial (altitude, latitude) gradients (Funes. et al., 2003). During secondary
succession, the soil seed bank assembles as result of the balance between seed
input and seed output at the same time as the plant community assembles (Fenner,
1985; Mengistu et al., 2005). Knowledge of the seed bank can help us to predict
the regeneration patterns that one can expect from a forest (Dalling, 2002). Thus,
information about soil seed bank dynamics of secondary forests in a
chronosequence is of paramount importance when deciding whether active or
passive restoration approaches should be employed to foster the recovery of
secondary forests on abandoned fields. Evidences indicate that initial recovery of
secondary forests on abandoned fields is dependent on the availability of seeds
(Wijdeven & Kuzee, 2000; Zimmerman, Pascarella & Aide, 2000).

Seed germination and seedling growth

Germination is defined as the emergence of the radicle through the seed coat
(Copeland & McDonald, 2001). It begins with water uptake (imbibition) and ends
with elongation of the embryonic axis, usually the radicle (Bewley & Black,
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1994). Knowledge of seed germination requirements and subsequent seedling
establishment and growth is crucial, as they are demographically critical phases in
the regeneration of plants from seeds (Gerhardt 1996; Teketay, 1996; Kozlowski,
2002). For non-dormant seed populations, temperature and light conditions play an
important role in seed germination provided that enough soil moisture and oxygen
are present. Studies on dry forest species have shown large interspecific variation
in the optimal temperature requirement for germination (Teketay & Granstrom,
1997; Khurana & Singh, 2001; Tigabu & Odén, 2001; Teketay, 2002; Zida et al.,
2005). Light intensity and its spectral quality also markedly influence germination,
and survival and growth of seedlings of tropical tree species with marked
interspecific variation (Rincon & Huante, 1993; Ray & Brown, 1995; Teketay &
Granstrom, 1997; Teketay, 2002; Yirdaw & Leinonen, 2002; Abebe, 2003;
Dokrak et al., 2004; Godoi & Takaki, 2004). Drought has been shown to be the
chief factor limiting seedling survival and growth in dry tropics (Gerhardt 1996).
The effect of drought on seedling survival has also been shown to interact with
shading (Ray & Brown, 1995). In a country like Nicaragua where information
about native tree species is generally lacking, the first step in forest restoration is to
carry out extensive background studies, ranging from seed germination to seedling
establishment and growth in light of the changing environment on degraded open
sites.

Objectives

The general objective was to gain knowledge supporting conservation and
management of dry forests in Nicaragua. The specific objectives were to;

1) examine whether forest diversity is amply conserved in protected areas by
describing tree species composition and diversity of dry deciduous and gallery
forests in Chacocente National Wildlife Refuge over 6 years time, assuming that
diversity may decline due to anthropogenic and natural disturbances (Study-I),

2) quantify the density of seedlings and saplings of four dry forest species of high
socio-economic importance in relation to topography and light incidence. The
underlying hypotheses were that mortality varies between recruits growing in
direct sunlight or overshadowed due to dry season drought, and mortality also
varies in relation to slope of the terrain through its effect on drainage, moisture
and nutrient availability (Study-II),

3) investigate the composition and density of seeds in soils of secondary forests
developed on abandoned fields 4, 9 and 14 years after abandonment, focusing on
the question whether the soil seed bank assembles simultaneously as the plant
communities assemble (Study-IIT), and

(4) investigate the requirements for seed germination and seedling establishment
of selected dry forest species. Therefore, the germination response to different
constant and alternating temperature regimes and light conditions, as well as
survival of seedlings transplanted under different canopy cover were studied.
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Materials and methods

Study sites

The first, second and part of the fourth studies were conducted in Chacocente
National Wildlife Refuge (11°36 N - 11°30'N and 86° 08 — 86° 15 W), which is
located on the Pacific Coast in the department of Carazo, Nicaragua (fig 1). The
altitude varies from sea level to ca. 300 m a.s.l (Sabogal, 1992).The total area of
the wildlife reserve is ca. 4650 ha of which two thirds are dry deciduous forest
type and one tenth is gallery forest type. The remaining areas are scrubs, pasture
and agriculture land (Anon., 2002). Soils in the deciduous dry forest type are
classified as Vertic and Ferric Luvisol (Sabogal & Valerio, 1998). The gallery
forest type is located along a semi-permanent watercourse — the Rio Escalante, and
is distinguished from the deciduous forest by a species composition dominated by
evergreen or semi-deciduous trees (Tercero & Urrutia, 1994). Soils in the gallery
forest are classified as Eutric fluvisol. Currently, the land ownership in the reserve
is private, and 50% of the reserve belongs to three large estate owners, and the rest
of the lands are distributed among 82 small local owners (Anon., 2002). The local
communities make their living from subsistence agriculture, fishing, and gathering
wood and non-wood products (Sabogal & Valerio, 1998). In addition, their main
source of income is gathering eggs of sea turtles, Lepydochelis olivacea (Anon.,
2002).

The third study was carried out in Nandarola dry forest in the village of La
Chipopa (11° 42° 30” N and 86°05° 30” W) located 7 km south of the city of
Nandaime in the province of Granada, Nicaragua (fig 1). The natural vegetation in
the area is classified as dry deciduous formation. The altitude varies from 92 to
167 m a.s.l. Soils of this area are mainly Vertisols and Alfisols, originating from
volcanic materials and basic rocks from the Tertiary (Rodriguez, Aguirre &
Mendoza, 2003). In the 1960’s, most of the Nandarola dry forests were clear cut
and used for production of agricultural crops (beans, maize, and rice) and animal
grazing. The fields were recently abandoned and are being colonized by young
secondary forests. For the present study, three patches abandoned 4, 9 and 14
years ago were located with the assistance of key informants. The area of these
patches was 1, 3.7 and 4 ha for 4, 9 and 14 years old patches, respectively (Mario
Soza & Carlos Soza, Nandarola; pers. comm.).

The annual rainfall in the study areas ranges from 992 to 1962 mm (Table 1).
The rainy season normally starts in May and ends in November. Chacocente has a
dry period of 7 months with less than 50 mm precipitation per months and during
the rainy season (June-October) rainfall is irregular with many sunny days (Anon.,
2002). The mean annual precipitation during the last 13 years has been 1,422 mm.
During October 1998, hurricane Mitch passed over the area and the precipitation
that month was as high as 775 mm. The mean (1990-2003) monthly maximum
temperature was 28.3°C (April) and the mean monthly minimum 26.2°C
(December-January).
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Figure 1. Distribution of tropical dry forests in Nicaragua and location of
Chacocente National Wildlife Refuge and Nandarola dry forest.
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Table 1. Annual precipitation, and mean annual temperature from 1990 to 2003 recorded
at Nandaime station located 20 km away from Chacocente and 10 km from The Chipopa
village. Source: INETER (Instituto Nicaragiiense de Estudios Territoriales)

Year Precipitation (mm) Temperature (°C)
1990 1156 26.5
1991 992 26.7
1992 1095 26.9
1993 1910 26.7
1994 1257 26.8
1995 1962 26.5
1996 1835 26.5
1997 1031 26.9
1998 1796 27.0
1999 1588 26.5
2000 1152 26.4
2001 1242 26.9
2002 1672 27.0
2003 1724 27.1

Methods

Study 1

The first study deals with tree species diversity and the local use of dry deciduous
and gallery forests in Nicaragua. Two permanent plots in each forest type were
established by the Universidad Nacional Agraria, Managua, Nicaragua in 1994
following Alder and Synnot (1992). Each plot was 1 ha and subdivided into 25
subplots of 20 x 20 m. The forest inventories were carried out in 1994 and 2000.
Each plot was systematically surveyed by identifying, measuring, and tagging all
trees with diameter at breast height (dbh) >10 cm. In addition, local names were
recorded and information about uses of the tree species was gathered by
consulting Nicaraguan forest use specialist (Claudio Calero, personal
communication) and the local people. The importance value index (IVI) and
family importance value (FIV) were used to describe the species composition of
the plots. A variety of diversity indices was calculated in order to permit a more
precise comparison of the alpha diversity in each forest community (Magurran,
2004). To compare diversity between forest communities, p-diversity was
computed using Jaccard’s coefficient of similarity, and Morisita’s Index of
similarity (Krebs, 1999).

Study 11

The second study reports the natural regeneration of four dry forest species,
Calycophyllum candidissimum (Vahl) DC., Cedrela odorata L., Haematoxylon
brasiletto Karst., and Gyroscarpus americanus Jacq., for three years in
relationship to slope of the terrain and crown exposure to direct sunlight. The
study was carried out along four longitudinal transects, 1000 x 5 m (0.5 ha) each.
A base line was established with azimuth of 305° and the four transects were
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located following an azimuth of 35°. The distance between two adjacent transects
was 800 m. Each transect was divided into 50 subplots of 20 x 5 m (100 m?). All
individuals between 10 cm height and 9.9 cm dbh were recorded for three
consecutive years from 2001 to 2003. Recruits were classified according to size
as; seedling (10-150 cm height) and saplings (1.5 m height and 4.9 cm dbh)
following Teketay (1997) and Saenz & Finegan (2000) with slight modification.
For each recruit, the degree of crown exposure to direct sunlight was visually
determined as overshadowed, partially exposed and fully exposed (Hawthorne,
1993). The percent slope of each plot was determined, and a slope class was
constructed as follows; flat or nearly flat (0-6%), gentle slope (6-25%) and steep
slope (>25%) (FAO, 1977; Faniran & Areola, 1978; Bosworth & Foster, 1982).

Study LI

The third study deals with soil seed bank assembly following secondary
succession on abandoned fields. For this purpose, three sites abandoned 4, 9 and
14 years ago were selected. The three sites had been cultivated since 1965. The
area of the study sites was 1, 3.7 and 4 ha for the 4-, 9- and 14-year old,
respectively (hereafter referred to as site-4, site-9 and site-14). In early June 2004,
a total of 18, 37 and 48 soil samples from site-4, site-9 and site-14, respectively
were collected in 15 x 15 cm plots. The number of soil samples taken from each
abandoned site was different mainly due to the variation in size of each site and
the intent to obtain representative samples. The sample plots at each site were
always kept at least 40 m apart. The litter and three successively deeper mineral
soil layers, each 3 cm thick, were removed (Teketay & Granstrom, 1995). Soil
samples were sieved using a mesh size of 0.5 mm, and seeds recovered from all
sample plots were identified to species level and life forms with the help of a
botanist and an agronomist at the National Agrarian University in Managua,
Nicaragua, and nomenclature follows Salas (1993). To assess the viability, seeds
were germinated at Seed Laboratory of the Swedish University of Agricultural
Sciences in Umed, Sweden. The number of germinants was counted every two
days when the radicle reached 2 mm and had a normal appearance. After the
germination test was terminated, seeds remaining ungerminated were further
assessed for their viability by cutting test. Seeds were considered viable if their
content was white and firm while seeds covered with fungi, collapsed when
pinched, and having grey, yellow, or brownish contents were considered as dead
(Teketay & Granstrom, 1995; Baskin & Baskin, 1998).

Study IV

The fourth study was comprised of two separate experiments involving seed
germination and seedling establishment. In the first experiment, the germination
responses of three dry forest species, Cedrela odorata L., Guaiacum sanctum L. and
Calycophyllum candidissimum (Vahl) DC.,; to different constant and alternating
temperature regimes and light conditions were examined in the laboratory. The
temperature regime had seven levels; five constant temperatures from 15-35°C at
an interval of 5°C and two fluctuating temperatures, 20°C/15°C and 25°C/15°C
with a thermoperiod of 12 hr. The light condition had two levels; continuous
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exposure to constant light (20 uE m™ s, fluorescent lamp F40 W/33 RS cool
white light) for 24 hr and complete darkness. For all studied species, a total of 100
seeds, four replicates of 25 seeds each, were used in each treatment. Seeds were
kept moist through out the study period. The germination test was run for 21 days,
and the germination process was monitored every day for seeds incubated in
continuous light and germinated seeds were counted when the radicle reached 2
mm and had normal appearance. For dark-incubated seeds, the final germination
count was made after 21 days. The percentage of germination and mean
germination time was calculated for each treatment and replicate. The germination
parameters were subjected to analysis of variance.

The second experiment dealt with seedling establishment of C. odorata and G.
sanctum in relation to light conditions. After six months, nursery-grown seedlings
of C. odorata and G. sanctum were in August 2003 transplanted to open site,
partially open site and under the canopy of dry deciduous forest in Chacocente
National Wildlife Refuge. The density of canopy cover was determined using the
spherical densiometer as 0% for open, 50% for partially open and 100% for closed
canopy. For each species, a total of 20 seedlings per canopy cover were
transplanted at a spacing of 1 x 1 m. Each individual seedling was tagged, and the
height and root collar diameter were measured at the time of planting. A second
measurement was carried out in August 2004 to evaluated survival and growth of
planted seedlings of each species. The relative growth rate (RGR) in root collar
diameter was computed for G. sanctum only, as survival of C. odorata seedlings
was too low.

Results and discussion

Tree species diversity and local uses

A total of 29 families, 49 genera and 59 species were found in the dry deciduous
forest in the 1994 and 2000 inventory (Table 2). During both inventories,
Fabaceae, sub-family Papilionoideae was the most specious family with higher
FIV. Gyroscarpus americanus was the most abundant species (IVI = 42.4 in 1994
and 29.9 in 2000). The rarest species in both inventories were Celtis caudata (IV1
=0.42 in 1994 and 0.40 in 2000) and Zanthoxylon caribarum (IVI = 0.37 in 1994
and 0.41 in 2000). In the gallery forest, the number of families, genera and species
encountered in the 1994 inventory were 33, 47 and 55, respectively while 48
genera and 58 species were recorded in the 2000 inventory (Table 2). During both
inventories, Meliaceae was the most specious family with higher FIV. The most
abundant species was Pithecellobium saman (IVI = 30.6 in 1994 and 29.2 in 2000)
while Cordia alliodora was the rarest species (IVI = 0.45). The number of species
in the gallery forest slightly increased over the study period. The plausible
explanation for the appearance of species in the second inventory could be
ascribed to the transition from sapling class in the 1994 inventory to higher class
(trees > 10 cm dbh) in the subsequent inventory. As a whole, the number of
families, genera and species reported in the present study lies within the range
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reported earlier in most Neotropical dry forests (Gentry, 1995; Sabogal and
Valerio, 1998).

While the stem density decreased in the gallery forest during the study period,
the reverse held true for the deciduous forest. There are two possible explanations
for this decline; namely, natural phenomenon and anthropogenic disturbance. As
the gallery forest has a dense canopy cover, light availability could be one factor
hindering advance regeneration. On the other, more people are settled around the
gallery forest mainly due to access to the water source, thereby involved in illegal
cutting of saplings and poles for firewood and local construction. However, the
total basal was much larger for the gallery forest than for the deciduous forest.
This could be related to better soil moisture conditions in the latter, as moisture is
the major environmental factor limiting tree growth in dry areas. With regard to
stem density and basal area, most of our result lies within the range of values
reported earlier for other tropical dry forests, but in some cases comparably higher
(Rundel & Boonpragob, 1995; Sabogal & Valerio, 1998; Gillespie & Jaffié, 2003;
White & Hood, 2004).

Table 2. Summary of floristic composition and structure of trees > 10 cm dbh in dry
deciduous and gallery forests inventoried in 1994 and 2000

Forest types- Families  Genera  Species  stem Basal
Inventory time density * area ®
Deciduous-94 29 49 59 451+£25 15.7£1.0
Deciduous-00 29 49 59 489+19 14.5+0.7
Gallery-94 33 47 55 298+17 22.6+1.8
Gallery-00 33 48 58 283+19 24.6+1.8

? stem density = No. of individuals ha™
"basal area (m*ha™)

The species-abundance patterns of dry deciduous and gallery forests displayed a
typical inverse J-distribution or the log series distribution. The majority of the
species in both forest communities were represented by few individuals while few
species in both forests were represented by many individuals. In the dry deciduous
forest, out of the 59 species recorded during both inventories, 37 species were
considered as rare, 15 species as intermediate and 7 species as abundant. Of all the
species recorded in the gallery forest during both inventories, 43 species was
considered as rare, 8§ species as intermediate and 4 species as abundant. When
comparing the diversity values within each forest community over time, no
considerable variation was found (Table 3). Fisher’s o diversity measure identified
the gallery forest as more diverse than the deciduous forest (based on the 2000
inventory data) while the complement of Simpson’s index identified the deciduous
forest as more diverse than the gallery forest in both inventories. The complement
of Simpson’s index attaches more weight to the abundance of the most common
species while Fisher’s a diversity is based on distribution theory and thus are the
most widely recommended measure of diversity (Magurran, 2004). The f-
diversity measure also provided further evidence that the two forest communities
are less similar (Jaccard’s similarity coefficient = 0.27 and Morisita’s index =
0.35).
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Table 3. Diversity measures for trees > 10 cm dbh in the dry deciduous and gallery
forests inventoried in 1994 and 2000 on 2 ha plots.

Diversity Deciduous Gallery
Measures 1994 2000 1994 2000
N 902 979 597 566
sb 59 59 55 58
S/N® 0.065 0.060 0.092 0.102
Dy’ 8.52 8.42 8.45 8.99
e 1.16 1.15 1.17 1.10
Hf 4.71 4.69 4.69 4.48
1/D8 17.1 16.9 14.6 14.5
oh 14.1 13.8 14.8 16.2

*N is the number of individuals enumerated in 2 ha plots

®§ is the total number of species recorded

© S/N refers the rate of species increase per individual enumerated

¢ is Margalef’s index of species richness, Dy = (S —1)/InN.

E is Shannon’s measure of evenness, J’ = H'/InS

fis the Shannon-Wiener index, H' = ->pilog,p;

€ is the reciprocal of Simpson’s index, D = ¥ (nj(n; — 1)/(N;(N; — 1))

" is Fisher’s index of diversity, o = N(1 —x)/x, x is the log series parameter

The local uses of the tree species in both forest communities were identified
based on information gathered from the local people, expert consultation and
existing literature. It was found that the largest number of species in both forest
communities (53% of the total species) was used for firewood, followed by timber
extraction (35%), rural construction (27%) and charcoal production (23%).
Interestingly, 24% of the species are not currently under any kind of use. The most
interesting part of this result is that the abundance of species used for firewood
and timber declined from 1994 to 2000 in both forest communities. Although the
abundance of the “not used” species in the gallery forest showed an increasing
tendency, the reverse held true in the deciduous forest. This indicates an on-going
disturbance in the forest reserve and the protection of the forest reserve is loose.

Seedling and sapling population density

Among the four species studied, G. americanus had the highest number of
individuals in all census years, followed by C. candidissimum (Table 4). The
density of seedlings and saplings of H. brasiletto was much lower while C.
odorata did not virtually regenerate. The population density G. americanus
seedlings decreased by 26% from 2001 to 2003 while the sapling density
increased by 17%. A similar trend was found for H. brasiletto. The change in
population density of seedlings and saplings was positive for C. candidissimum;
indicating a continuous and advanced regeneration of this species. Establishment,
survival and growth of seedlings is governed by several biotic and abiotic factors
(Kitajima & Fenner, 2000). Arrival of viable seeds to the regeneration sites and
subsequent germination and establishment of seedlings are vital determinants of
the efficacy of natural regeneration (e.g. Felfili, 1997; Howlett & Davidson,
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2003). G. americanus, a species with abundant regeneration, has also the largest
number of mature trees (Table 3), which in turn serve as seed sources. The lack of
natural regeneration of C. odorata is related to paucity of seeds, as evidenced from
the complete absence of mature trees in the study area. C. odorata is one of the
valuable timber species that has been subjected to commercial exploitation for
many years (Sabogal 1992; Tercero & Urrutia, 1994). Among the abiotic factors,
drought is the chief cause of seedling mortality in tropical dry forests (Gerhardt
1996), as well as aseasonal rain forest experiencing an unusual severe drought
(Delissio & Primack, 2003). Young seedlings are also succumbed to death due to
low-intensity ground fires (Saha & Howe, 2003) and physical damage induced by
litterfall (Clark & Clark, 1989 1991; Mack 1998; Scariot 2000; Drake & Pratt,
2001), which in turn varies between species (Gillman, Wright & Ogden, 2003).
This is evident in the present study where the density of seedlings declined over
time for some of the species (e.g. G. americanus).

Table 4. Population density (individuals/2 ha) and rate of population change (%) of
seedlings and saplings of four tropical dry forest species in Chacocente, Nicaragua

Species/Size 2001 2002 2003 Rate of change
Gyroscarpus americanus
Seedling 49 34 29 -26
Sapling 44 59 62 17
Calycophyllum candidissimum
Seedling 20 16 24 9
Sapling 18 21 20 5
Haematoxylon brasiletto
Seedling 4 5 3 -14
Sapling 1 1 3 55
Cedrela odorata
Seedling 1 0 0 nd*
Sapling 0 0 0 nd

* Computation not applicable

The mean population density (averaged over the three census years) of seedlings
and saplings of G. americanus and C. candidissimum differed significantly in
relation to crown exposure to sunlight (Xz(o,os, 2= 31.38 and 48.71 for seedling and
sapling populations, respectively and p < 0.0001). Seedlings and saplings of G.
americanus whose crown was partially or fully exposed to direct sunlight were
more abundant than overshadowed recruits. On the contrary, the density of
seedlings and saplings of C. candidissimum was much higher under complete
overshadow. The number of seedlings and saplings of H. brasiletto found in fully
or partially exposed states was relatively higher than completely overshadowed.
The shade demand for survival of dry forest species, with marked interspecific
variation, is thought to be a mechanism for integrating drought tolerance and light
requirement, i.e., allowing seedlings to avoid very high light intensity and very
low moisture (Ray & Brown,1995).

The mean population density (averaged over the three census years) of seedlings
and saplings of G. americanus and C. candidissimum also differed significantly in
relation to slope of the terrain (x5, 2)= 21.58 and 27.56 for seedling and sapling
populations, respectively and p < 0.0001). Seedlings and saplings of G.
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americanus were more abundant in the gentle slope than either in the flat or steep
slope. For C. candidissimum, seedling and sapling densities were much higher in
the flat area. Despite low seedling and sapling densities, regeneration of H.
brasiletto was confined to the gentle slope. Topography, through its effect on
drainage, moisture and nutrient variation from ridge top to valley bottom, plays an
essential role in spatial distribution of recruits (Enoki, Kawaguhi & Iwatsuba
1997; Enoki & Abe, 2004). As a whole, the spatial analysis revealed that natural
regeneration of the studied species is clumped, a very common phenomenon
among species in tropical forests (Hubbell, 1979; Condit et al., 2000).

Soil seed bank assembly

The total number of species recovered from soil samples varied significantly with
age of secondary forests derived from abandoned fields (xz(o,oi 2= 22455, p <
0.001). A total of 3, 5 and 9 species were found on sites abandoned 4, 9 and 14
years ago, respectively. Among different life forms, trees were highly represented
in the soil seed bank of site-9 (60%) and site-14 (33%) compared to site-4 which
was entirely dominated by non-woody flora. The species were distributed among
10 families and the most specious families were Poaceae and Rubiaceae.
Generally, two possible pathways for a seed bank assembly process during
succession can be distinguished; (1) the seed bank is mainly composed of early
successional species that accumulate many persistent seeds in the soil even after
the species disappear in the vegetation and (2) the seed bank composition varies as
the standing vegetation changes. In the second case, although early successional
species disappear from the seed bank as they disappear from the standing
vegetation, the seed bank gradually assembles as a result of seed rain from species
appearing later during succession and/or from isolated remnant trees, and recent
seed dispersal from the nearby vegetation (Beatrijs & Martin, 2004). It is evident
from the present study that the number of species, especially the woody flora, in
the soil seed bank increased as succession advances. Most likely, the assembly of
the soil seed bank observed in the present study followed the second pathway.
First, the isolated remnant trees present in site-9 and site-14 and individuals
reached tree size (> 10 cm dbh) during 14 years of succession might contribute to
the build-up of the seed bank through seed rain. Second, both remnant trees and
individuals reached tree size possibly attract seed disperser (mainly birds and
bats); thereby facilitating recent seed dispersal to the site. Studies have shown that
zoochorous dispersal agents do not readily cross or enter open sites due to lack of
food resources, perching sites, and visibility to predators (Aide & Cavelier, 1994;
Nepstad ef al., 1996; Wunderle, 1997; Guariguata & Ostertag, 2001).

The total number of seeds recovered from the soil samples and the
corresponding seed density significantly varied among abandoned sites in the
chronosequence (xz(o,oi 2 = 24.733, p < 0.001 for seed number; and x2(0_05, 2=
439.841, p < 0.001 for seed density). The total number of seeds was 327, 156 and
146 in site-4, site-9 and site-14, respectively. The corresponding density of viable
seed decreased from 141 seeds m™ in site-4 to 76 seeds m™ in site-9 and 22 seeds
m? in site-14. Non-woody species had higher seed density in the 4- year old
stands while tree seeds were equally abundant in the soil seed bank of the 9-year
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old stand (Table 5). The density of buried seeds is a result of the balance between
seed input (local seed production and seed dispersal) and seed output, i.e. seed
germination, decay and predation (Fenner, 1985). The large quantity of seeds
recovered from soil samples collected in site-4 could be related to large quantity of
local seed production by herbs and grasses. As secondary succession advances on
these abandoned sites, herbs and grasses would be replaced by pioneer, light-
demanding species (Finegan, 1996) and hence the seed input started to decline.
For example, the density of Bouteloua alamosana declined from 106 seeds m™ in
site-4 to 2 seeds m™ in site-14. Seed predation is another important determinant of
seed bank size. Several studies have shown that predation rates are higher in forest
than in open grasslands (Aide & Cavelier, 1994; Kollmann & Pirl, 1995; Hau,
1997), but others still found the opposite trend (Nepstad et al., 1996) or detected
no major differences (Holl & Lulow, 1997); suggesting that the effect of predation
is site-specific. The soil seed bank could also be depleted by germination due to
brief favourable conditions (e.g., temperature, light, moisture condition of the soil)
created by secondary forests established on abandoned sites. This, in turn, depends
on seed biology of seed bank species, such as recalcitrance, dormancy and
longevity of seeds (e.g. Garwood, 1989; Teketay & Granstrom, 1995, 1997).

Table 5. Species with seed density > 10 seeds/m’ in the soil samples collected from three
sites abandoned 4, 9 and 14 years ago in Nicaragua

Abandoned sites Species Life form Seed density

Site-4 Hybanthus attenuatus herb 30
Bouteloua alamosana grass 106

Site-9 Mocuna priurens liana 12
Karwinska calderonii tree 26
Guazuma ulmifolia tree 35

Seed germination and seedling establishment

The germination capacity varied significantly among species, temperature regimes,
light conditions, and for the interaction terms (p < 0.05). Under continuous
exposure to light, seeds of C. candidissimum incubated at constant temperatures
ranging from 20 to 35°C had the highest germination capacity (fig. 2A). Germination
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Figure 1. Germination capacity of C. candidissimum (A), G. sanctum (B) and C. odorata
(C) seeds in response to different constant and alternating temperature regimes in light or
darkness.

was significantly inhibited at 15°C and alternating temperature regimes in light.
Germination was also significantly inhibited in darkness at all temperature
regimes. C. candidissimum is a pioneer species producing a large quantity of small
seeds due to highly synchronized flowering with little annual variation (Rivera &
Borchert, 2001). Photoblastic germination is a typical characteristic of pioneer
species known to have small seeds (Teketay & Granstrom, 1997; Milberg,
Anderson & Thompson, 2000; Yirdaw & Leinonen, 2002; Pearson ef al., 2002,
2003; Jensen & Gutekunst, 2003). The ecological significance of photoblastic
germination is interpreted as a mechanism for detecting gap formation and/or
disturbance on the forest floor, as the ratio of red to far red light has been shown to
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increase appreciably following such disturbances (Vazguez-Yanes et al., 1990;
Vézguez-Yanes & Orozco-Segovia, 1992; Pons, 2000; Jensen & Gutekunst,
2003).

Seeds of G. sanctum germinated equally well in light and darkness, but the
germination capacity was strongly dependent on temperature. Under continuous
exposure to light, the germination capacity was significantly higher for seeds
incubated at 20 and 25°C (fig 2B). Seeds incubated at 30°C in darkness germinated
as high as 61% compared to no germination in light. The overall germination capacity
of C. odorata was significantly lower than for the other two species (fig 2C). Seeds
exposed to continuous light had significantly higher germination capacity than dark
incubated seeds; especially at 20, 25 and 35°C.

The optimal germination temperature for C. odorata and G. sanctum is 20-25°C.
The germination of G. sanctum seeds was also higher when incubated at 20°C in
darkness, and that of C. odorata was higher at 30°C in darkness. Although
germination of C. odorata seeds was relatively higher at 15°C in both continuous
light and darkness, germination was markedly depressed at the same temperature for
the other two species. This could be related to induction of secondary dormancy, as
seeds remaining ungerminated were still intact as determined by the cutting test. For
all species, alternating temperature regimes did not bring any beneficial effect on
germination. Sensitivity to alternating temperature depends on amplitude (the
difference between the maximum and minimum temperature), thermoperiod (time
in hours each day above the mean temperature) and number of temperature cycles
(Ekstam & Forseby, 1999; Ekstam, Johannesson & Milbert, 1999; Probert, 2000).
In some species, germination declines with increasing amplitude of alternating
temperature (Teketay & Granstrom, 1997; Teketay, 2002) while others exhibit a
linear increase in germination with amplitude (Thompson & Grime, 1983). As the
alternating temperature regimes in the natural habitat are far more complex than
those tested in this study, the potential positive effect of alternating temperature on
germination of these species, particularly the light-requiring species (C.
candidissimum) in their natural habitats can not be ruled out.

Survival of transplanted seedlings was strongly dependent on the density of
canopy cover (Xz(o,os, 2)=20.843; p <0.0001) and varied between species. Survival
of planted seedlings of G. sanctum was higher in open and shaded conditions (70-
80%) than C. odorata that had 20% survival in open site. Poor survival under
closed canopy is a direct consequence of low light intensity, particularly for light-
demanding pioneer species like C. odorata. Shading has also been shown to
increase seedling mortality indirectly by exacerbating fungal attack through
increased humidity or by providing concealment for seedling predators
(Augspurger, 1984; Hanley, Fenner & Edwards, 1996; Sherman, 2002). Gerhardt
(1993, 1998) also suggested that the lower survival rate of C. odorata seedlings
transplanted in the secondary forests in Guanacaste, Costa Rica is attributed to
herbivory combined with drought. We also observed browsing damage on C.
odorata seedlings during the time of assessment. The relative growth rate in
diameter of G. sanctum seedlings over one growing season varied among sites.
Seedlings on open site had higher relative growth rate than those growing in the
shade.
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Conclusions

The tree species composition, structural characteristics and diversity of dry forests
in Chacocente Wildlife refuge lies within the range reported earlier in most
Neotropical dry forests. However, it is very important to point out that there are a
considerable number of rare species, which may become locally extinct if the
current loose protection of the forest reserve is not strengthened. As the forests are
still under continued human pressure, an immediate action should be taken to
conserve the remaining flora by involving the local people residing around the
forest.

The overall population density of recruits is low and the spatial pattern of
regeneration is clumped for all species studied, suggesting that natural
regeneration alone may not be sufficient to restore the population of the studied
species in Chacocente, especially for C. odorata and H. brasiletto for which the
population densities are extremely low. Therefore, an immediate measure should
be taken to assist the natural regeneration process, such as direct seeding,
enrichment planting and protection of regenerated individuals from anthropogenic
disturbances (e.g. grazing, fire, mowing etc). For some of the species, like C.
candidissimum, the use of nurse trees in open areas would be useful in future
restoration works in order to reduce the impact of damagingly high temperature
that aggravates vulnerability to drought.

The species composition of soil seed banks assembles gradually during
secondary succession, but the seed density is generally low for natural
regeneration of trees to relay upon. To expedite the recovery of secondary forests
on such abandoned fields, the seed bank needs to be supplemented by direct
seeding, enrichment planting of desired species and installing artificial perches to
facilitate seed dispersal. This has to be communicated to the private owners
through extension service, as there is a growing interest on the development of
secondary forests on abandoned sites among private owners.

Among species tested, light is an absolute requirement for the germination of C.
candidissimum seeds. This species also exhibits a wider thermo-plasticity.
Therefore excessive shading of nursery seed beds, deep sowing and covering with
leaf litter during direct seeding in the field or nursery should be avoided. Dark
germination of C. odorata seeds was comparably lower than germination in light,
and germination was higher in narrow temperature range (20-25°C). Medium
shading of nursery seed beds and the use of mulches for seeds sown directly in the
field will benefit seed germination by lowering the temperature in drier areas like
Nicaragua. Temperature is a factor more important than light for the germination
of G. sanctum seeds. Regulating the temperature using covers both in the nursery
and out in the field would be beneficial. Transplanted seedlings of G. sanctum
have good survival and growth on open and partially-open sites under the
prevailing conditions. Thus, this species could be used as framework species for
restoration of abandoned fields in drier areas as well as for enrichment planting of
disturbed dry forests. Survival of C. odorata was low in open and partially-open
sites and seedlings failed to survive under the canopy of dry deciduous forest in
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Nicaragua, most likely due to its sensitivity to drought. Therefore, this species
should preferably be planted in wet and humid areas in the country. As a whole,
dry forests in the country deserve top research priority, more precise conservation
and management plans, adequate protection, and local people participation. It is
still time to conserve and develop the remaining forests.
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