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SIDDIQI, N. A. 1999. Effects of abiotic and biotic factors on the seedling recruitment
of Heritiera fomes in the mangroves of the Sundarbans, Bangladesh. Influences of
abiotic and biotic factors on the seedling regeneration of Heritiera fomes Buch.-Ham.
were investigated. The average number of seedlings appearing in a year was 6680 ha
although recruitment density varied among different parts of the forests and from year
to year. Of the many mangrove species in the area, H. fomes alone constituted 24% of
the recruits. Salinity of the area apparently influenced the recruitments which
decreased with increasing levels of salinity. Seedling half-life values for H. fomesin
less, moderate and strongly saline zones were 13.7, 8.8 and 6.3 months respectively.
The relationship between seedling recruitment and stand density was insignificant.
Similarly, up to 33 months, canopy closure was not found to affect the seedling
recruitment and survival. A lower recruitment and survival of seedlings were noticed
inareas with higherlevel of tidal inundation. Asregardsthe biotic factors, the spotted
deer (Axis axis) was not found to affect the natural regeneration of H. fomes, rather
itmight influence the dominance of this mangrove species through its preferential
browsing habit. The wild boar(Sus scrofa) did not appear to have any significant impact
on regeneration. Crabs were not found to cause mortality of seedlings, while the role
of the rhesus macaque (Macaca mulatta) also appeared to be insignificant. However,
the black rat (Rattus rattus) caused substantial damage to the new seedlings of H. fomes,
but only in relatively raised and less saline areas.

Key words: Seedling regeneration - Heritiera fomes - abiotic - biotic - mangrove -
Bangladesh

SIDDIQI, N. A. 1999. Kesan faktor abiotik dan faktor biotik terhadap penokokan
Heritiera fomes di hutan bakau di Sundarbans, Bangladesh. Pengaruh faktor abiotik
dan biotik terhadap pemulihan anak benih Heritiera fomes Buch.-Ham. dikaji. Purata
bilangan anak benih yang muncul dalam setahun jalah 6680 ha! walaupun kepadatan
penokokan berubah-ubah di kalangan bahagian-bahagian yang berbeza di hutan
tersebut daripada setahun ke setahun. Daripada banyak spesies bakau di kawasan
tersebut, H. fomes sahaja membentuk 24% daripada penokokan. Kemasinan kawasan
tersebut jelas mempengaruhi penokokan yang berkurang dengan bertambahnya
tahap kemasinan. Nilai-nilai anak benih separuh-hayat bagi H. fomes di zon yang
kurang, sederhana dan kuat kemasinannya masing-masing ialah 13.7, 8.8 dan 6.3
bulan. Kaitan antara penokokan anak benih dan kepadatan dirian adalah tidak
bererti. Begitu juga, sehingga 33 bulan, penutupan sudur tidak mempengaruhi
penokokan dan kemandirian anak benih. Penokokan dan kemandirian yang rendah
bagi anak benih dapat dilihat di kawasan yang mempunyai penimbunan pasang surut
yanglebih tinggi. Mengenaifaktor biotik, rusa berbintik (Axis axis) tidak mempengaruhi
pemulihan semula jadi H. fomes. Kemungkinan ia lebih mempengaruhi keunggulan
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spesies bakau ini melalui keistimewaan tabiat meragutnya. Babi hutan (Sus scrofa)
tidak mempengaruhi pemulihan dengan bererti. Ketam tidak menyebabkan kematian
anak benih, manakala peranan monyet resus (Macaca mulatta) juga tidak bererti.
Bagaimanapun tikus hitam (Rattus rattus) menyebabkan kerosakan yang teruk kepada
anak benih baru H. fomes, tetapi hanya di kawasan yang secara relatifnya bertambah dan
kurang masin.

Introduction

Heritiera fomes Buch.-Ham. has a limited distribution and is restricted to the
mangroves of Myanmar, Bangladesh and the Indian Sundarbans (Troup 1921,
Kostermans 1959). In the Bangladesh Sundarbans, the tree is moderate in size
and grows to a height of 15 to 20 m. Once trees of girth up to 2 m were found, but
owing to heavy exploitation, trees over 1 m in girth are no more common. Heritiera
fomes is a highly valuable species and noted for its use in house construction, boat
building, electric poles, fuelwood, etc. (Das & Siddiqi 1985). This alone constitutes
63.8% of the merchantable timber (Rahman 1990). It is the dominant species
in 52.7% and codominant in 14.8% of the forest area (Chaffey et al. 1985) .

The Sundarbans is managed under a selection system on sustained yield basis
(Khuttak 1979, Imam 1982). But a depletion by 40% of the merchantable growing
stock of H. fomes was noticed through two successive forest inventories (Forestal
1960, Chaffey et al. 1985). A number of factors may have contributed to this decline.
Nevertheless, an adequate regeneration, which depends on a variety of abiotic and
biotic factors, would assist in improving the stocking. Chaffey et al. (1985)
recommended carrying out research into the factors affecting the natural
regeneration of the main tree species.

Materials and methods
Study area

The Bangladesh Sundarbans (20°31°-22°30’ N, 89°-90°E) coversan areaofabout
6200 km?and is located in the delta of the Ganges River. Administratively the forest
is divided into four ranges and 55 compartments. Tides in the Sundarbans are
semi-diurnal with a small diurnal irregularity. The whole forest is in intertidal
region, but there is variation in the depth, duration and frequency of tidal
inundation. Mean spring tide range in the mouth of the Passur River (east delta)
is 2.4 m, whereas this range is 4.3 m in the mouth of the Hoogli River (west delta).
The hydrology of the Sundarbans is related to the high seasonal rainfall, as well as
the depth and duration of tidal inundation. The entire area is intersected by a
complex network of streams and rivers (Figure 1). The forest has been divided into
three salinity zones (Hassan et al. 1990) based on the degree of soil salinity— (i) less
saline (<2mS cm™), (ii) moderately saline (2-4mS cm™) and (iii) strongly saline
(>4mS cm™). Salinity reaches its peak in April- May and drops after June with the
appearance of the monsoon. The climate of the Sundarbans is humid. Highest
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temperatures occur in April and May and lowest in December and January. Mean
annual maximum and minimum temperatures vary between 30 and 21°C. Annual
rainfallis in the range 1640-2000 mm. June, Julyand August are the wettest months
and December, January and February the driest. Unlike many other mangroves, the
Sundarbans is rich in floristic composition. About 70 species of plants have been
recorded from the Bangladesh Sundarbans (Khan 1978, Chaffey & Sandom 1985,
Khatun & Alam 1987).
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Figure 1. Map of the Sundarbans showing the locations of permanent
sample plots and experimental plots

Experiments and observations

Abiotic influences on seedling recruitments (age <3 months) and their survival
were studied based on data collected during 1982 to 1991 from twelve permanent
sample plots (PSP) established at stratified random design in three salinity zones.
Figure 2 shows the lay-out of a PSP. Regeneration data were collected twice a year
(pre-monsoon and post-monsoon) from the PSPs (400 m? each). Sixteen points
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were demarcated in each plot by four stakes each to the north, the south, the east
and the west equidistant from the centre of the plot. Data were collected from only
these fixed spots using a circular quadrat (0.75 m?). Soil salinity, soil texture,
frequency of tidal inundation, stand density and the canopy closure of the PSPs
were also recorded. Soil salinity was determined from 1:2.5: soil: water suspension
using electric conductivity meter and soil class texture by the USDA texture
classification. Frequency of tidal inundation (days in a year) was assessed by
continuous visual observations .
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Figure 2. Sketch diagram of a permanent sample plot

Biotic influences were studied during 1990 and 1991 by laying out experimental
plots, direct observations and indices (browsing of deer, girdling by crabs, cutting
collars by rats, trampling or soil digging by wild boars). To ascertain the role of deer,
the experiment was set in Randomised Complete Block Design (RCBD) in three
salinity zones with different floristic composition (Figure 1). In each place, five
plots each with an area of 25 m? (5 X 5m) were fenced with barbed wire to prevent
access by deer. Five more unfenced plots of the same size, accessible to deer, were
established 5 m apart from the fenced plots. Data on the availability and survival
of new seedlings (age < 1 year) of H. tomes in the plots were recorded every two
months up to 10 months following the appearance of seedlings. Similar data on
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old seedlings (age> 1 year, height <1.3m) were recorded up to 14 months. Mortality
of seedlings due to browsing by deer was identifiable by careful observations of
the dead or damaged seedlings. So, a comparison of the seedling survivals between
fenced and unfenced plots would provide information on the damage caused by
deer.

As regards wild boars, they were more active in the dark. So, the role of this
animal was studied by the indices, e.g. earth digging, trampling, uprooting. To
access the role of crabs, an experiment was set with H. fomes and six other species
in Factorial Design in a less saline zone (Figure 1). Sixteen seedlings of H. fomes
(one month old) were planted in cages with additional 16 seedlings outside each
cage. The cage (0.25 m? surface area and 1 m tall) was covered with nylon mesh
(1x1cm) inallsix sides to prevententrance of the crabs. There were three replicate
pairs. Final data on seedling survival were collected one year after initiation of the
experiment. The activities of the monkeys on regeneration were directly observed.
Rodents use incisors for cutting which can be distinguished clearly. So, their role
was studied from the nature of the damage to the seedlings.

Results and discussion
A. Influences of abiotic factors on regeneration
Seedling recruitment status

The condition of seedlings was recorded in November after the monsoon. These
three-month-old seedlings were regarded as seedling recruits. In addition to
Heritiera fomes, recruits of 12 other species were found in the PSPs during the study
period. Heritiera fomes alone constituted 24% of the total recruits.

A total of 962 new seedlings of H. fomes were recorded during ten years in the
PSPs over an area of 144 m? (0.75 X 16 X 12 m). The average number of seedlings
appearing per year was 6680 ha'. Recruitment density varied considerably
among the PSPs. At PSP No. 6, recruits were 28 165 seedlings ha'! , whereas at PSP
No. 7, no recruit was there. Chaffey et al. (1985) recorded an average of 11 630
seedlings ha'! (height < 1.3 m) of H. fomes for the entire Sundarbans.

Yearly variation in recruitments

A remarkable yearly variation in seedling recruitments of H. fomes was noticed.
In 1982 and 1986, recruitment was much higher (Table 1, Figure 3). The reason
was not clearly understood. Usually, there is a significant reduction in seed
production following a very heavy seed year for different species (Hocker 1979).
However, Hasan and Howlader (1970) claimed no periodicity in H. fomes. Siddiqi
et al.(1991) reported probable existence of periodicity in fruit production of this
species. Jimenez (1988) reported year to year variation in seedling density for
Rhizophora racemosa in the mangroves of Costa Rica.
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Figure 3. Yearly seedling recruitments (3 months) of Heritiera fomes
Table 1. Characteristics of the permanent sample plots (PSPs) and seedling
recruitments of Henitiera fomes
PSP Location Meansoil Soil Inundation H. fomes Total  Canopy H.fomes  Survival
No. compt/ salinity texture (days per trees trees closure seedling upto 33
zone (mS cm) year) (No.) (No.) (%) (No.) months (%)
1 26/LS* 285  Silty- 105-120 102 168 90 164 19.38
clay-loam
2 15/MS 3.80 -do- 105-120 85 121 70 28 3.85
3 30/LS 2.85 -do- 90-105 42 145 60 80 0
4 3/LS 1.80 -do- 105-120 92 148 80 102 16.30
5 5/LS 1.80 -do- 105-120 106 168 70 109 12.48
6 1/LS 0.78 -do- 75-90 02 18 30 338 18.95
7 35/MS 3.50  Siltyclay 120-135 14 47 80 0 0
8 36/MS 4.00 -do- 120-135 04 165 70 17 0
9 46/SS 3.85 -do- 135-150 23 29 30 6 0
10 20/MS 4.05 -do- 135-150 58 68 40 11 0
11 38/8S 4.00 -do- 135-150 37 81 40 64 0
12 41/SS 4.75 -do- 135-150 46 87 50 43 0

® LS: Less saline, MS: Moderately saline, SS: Strongly saline.

Tree density and recruitment

A nonssignificant relationship (r = 0.06) was obtained between the number of

H. fomes trees in the PSPs and seedling recruitments (Table 1). The fruits of the
species are non-viviparous and buoyant in nature. Possibly the seeds, after falling
on the floor of the PSPs were washed away by tide water and either failed to
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germinate or germinated elsewhere. Jimenez (1991) pointed out that in the
mangroves of Costa Rica, propagule establishment seemed to be unrelated to the
occurrence of the reproductive trees.

Salinity and recruitment

The number of newly appearing seedlings for ten years in different PSPs was
plotted against soil salinity of the respective plots (Figure 4). Seedlings of H. fomes
significantly decreased with increasing level of salinity (r = -0.815; p<0.01). This
species prefers a level of lower salinity (Troup 1921, Saenger 1986). Salinity plays
a vital role on the distribution of species in the Sundarbans (Choudhury 1968).
Heritiera fomes predominates in the less saline areas of the forests.
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Figure 4. Relationship between salinity and seedling recruitment of Heritiera fomes

Salinity and seedling survival

Seedling survival was recorded for a period of 33 months following appearance.
A large proportion of seedlings disappeared during this period. Only 16.53 and
1.92% seedlings of H. homes survived up to 33 months in less and moderately saline
zones respectively with no survival in the strongly saline zone. Seedling half-ife
values (i.e. time required for 50% of seedlings to disappear) in less, moderate
and strongly saline zones were 13.7, 8.8 and 6.3 months respectively (Figure 5). This
shows greater preference of the species for lower salinity level. In the Indian
Sundarbans, where salinity is higher, this species is not abundant (Karim 1988)
and natural regeneration is unsatisfactory (Mukherjee 1975). With regard to
growth, Latif et al. (1992) mentioned higher increment in diameter in less saline

areas.
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Figure 5. Depletion curves showing seedling half-life for Heritiera fomes
in different salinity zones

Canopy closure and recruitment

Usually some plants are shade tolerant while others are light demanding. Thus
recruitment and disappearance of seedlings are influenced by the canopy closure
of the forests (Whitmore 1986, Kimmins 1987). No significant relationship was
found between canopy closure and recruitment (r = 0.14). The relationship was
also insignificant at 33 months with respect to seedling survival (r=0.11 ). Heritiera
fomesis shade tolerant in the early stage (Troup 1921, Dalmacio et al. 1991). It
seems that factors other than canopy closure, e.g. tidal range, current, salinity,
seed availability, etc., affect seedling recruitment.

Inundation and recruitment

The rate of inundation was higher in the western part of the Sundarbans.
Maximum growth of H. fomes is noticed in areas where the forest floor remains
dry for about 3-4 months a year. Seedling recruitment and survival were higher
in PSPs where inundation rate was lower (Figure 6). No seedling of H. fomes
survived up to 33 months from emergence where the PSPs gotinundated for more
than 120 days ayear. However, PSP 3 (inundation 90-105 days a year) was subjected
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to much wave action and that might be a reason for failure of H. fomes to survive.
Mangrove seedling establishment is regulated by depth and frequency of tidal
inundation (McMillan 1971, Chapman 1975, Kjerfve 1990, Siddiqi & Khan 1990,
Jimenez 1991).
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Figure 6. Seedling recruitment and survival up to 33 months
for Henitiera fomes in relation to degree of inundation

B. Influences of biotic factors on regeneration
Role of deer

Data collected on seedling survival from the fenced and unfenced plots were
analysed in RCBD with several observations per cell. Seed shedding continued up
to September. So, for new seedlings the analysis was based on the data collected
after September (Table 2). For old seedlings, analysis was made for the data
collected from July (Table 3). The survival of seedlings showed non-signiﬁcant
difference between fenced and unfenced plots at compartment 24 for new (F |
1.09) and old (F,;, = 0.96) seedlings. The difference was also insignificant for new
(F, =0.98) and old (F, ¢,=0.38) seedlings at compartment 31. Only a few seedlings
of H. fomes appeared at compartment 35 and were inadequate for analysis. Plots
in compartments 24 and 31 were located in Excoecaria agallocha—Heritiera fomes and
H. fomes-E. agallocha forest types respectively. The plot in compartment 35 was in
Henitiera fomes—Xylocarpus mekongensis—Bruguiera sexangula forest type.

Hendrichs (1975) gave a rough estimate of population size of the spotted deer
(Axis axis) as 80 000 individuals for the Bangladesh Sundarbans. Deer are considered
to play a vital role in regulating regeneration density of the forests through their
browsing habits (Champion et al. 1965, Choudhury 1968, Blasco 1977, FAO 1982,
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Gomez et al. 1986). They cause substantial damage to the natural regeneration.
Deer are reported to cause damage to mangrove seedlings in Myanmar (Troup
1921) and Malaysia (Chai & Lai 1984). In Bangladesh, deer were harmful to the
regeneration of Avicennia officinalis, Sonneratia apetala, Xylocarpus mekongensis,
Bruguiera sexangula and Aegiceras corniculatum (Siddiqi & Husain 1994), but they
were not found to feed on the leaves of H. fomes. It is possible that deer influenced
the dominance of H. fomes through their preferential browsing habits.

Table 2. Survival percentages of new seedlings (age <1 year) of Heritiera fomes
in fenced (protected from deer) and unfenced plots

Location Condition Survival percentage overtime (months)
0 2 4 6 8 10
Compt.24 Fenced 100 85.00 35.0 26.7 23.3 20.0
Unfenced 100 80.65 419 22.6 19.4 19.4
Compt. 31 Fenced 100 89.2 71.6 71.2 62.2 57.2
Unfenced 100 83.6 64.1 57.8 53.9 46.1

Table 3. Survival percentages of old seedlings (age >1 year) of Heritiera fomes
in fenced (protected from deer) and unfenced plots

Location Condition Survival percentage overtime (months)
0 2 4 6 8 10 12 14
Compt.24 Fenced 100  99.4 98.8 98.4 96.7 96.1 956 95.1
Unfenced 100  99.9 99.5 99.1 98.2 98.0 970 96.7
Compt. 31 Fenced 100 100 99.5 96.5 96.9 96.7 965  96.1
Unfenced 100 99.8 99.8 99.8 96.7 96.2 958 952
Compt. 35 Fenced 100 818 81.8 81.8 81.8 91.8 818 727
Unfenced 100 833 83.3 83.3 83.3 833 833 503

Role of crabs

Seedling mortality of all the seven species including H. fomes planted inside
cages or in the open was low. In all, 48 (3x16) seedlings of H. fomes were planted
within the cages and another 48 (3x16) in the open. A total of 42 seedlings in the
cages and 46 in the open survived when data were collected after one year. Average
seedling survival was 87.5% inside cages and 95.8% in the open (control). The
impact of crabs was insignificant (t=0.85 with p = 0.05 & d.f. = 4) on regeneration
of H. fomes.

The crabs belonging to the family Grapsidae were reported to cause severe
damage to mangrove regeneration in many countries of the world (Siddiqi 1995,
1996). Hendrichs (1975) reported occurrence of six species of grapsid crabs in
less saline areas of the Sundarbans. He estimated population density of crabs as
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50 animals m? at the water edge along the high water line and the density was
lower away from the water. Further studies covering all the representative areas of
the Sundarbans are necessary to ascertain the role of crabs on regeneration.

Role of monkeys

The rhesus macaque (Macaca mulatta) is an arboreal animal. However, in the
afternoons the animals are found to play in groups on the banks of rivers and
canals in the Sundarbans. They were not found to eat the leaves or damage the
seedlings of H. fomes. In raised experimental plantations of mangroves, damage
attributable to monkeys did not occur. Monkeys are reported to cause damage to
mangrove seedlings in Malaysia (Salleh & Chan 1987) and Thailand (Aksornkoae
1987). In the Bangladesh Sundarbans, the populationsize of the rhesus macaque
is 40 000 (Hendrichs 1975) while Gittins and Akonda (1982) estimated it to be
126 000 individuals. The diet of the monkeys consists of plant materials (S. apetala
leaves, young Nypa fruticans, grasses), crabs and fishes (Sanyal 1983, Salter 1984).
Fromvisual observations, the monkeys were not found to affect the regeneration
of H. fomes in the Sundarbans.

Role of wild boars

Unlike deer, the wild boar (Sus scrofa) can potentially damage the plants via their
roots, even uprooting them. In the Sundarbans, the population size of wild boar is
20 000 individuals (Hendrich 1975). Foraging damage to H. fomesseedlings by wild
boars was not noticed in the forests. Trampling of these animals might affect
some seedlings. But they do not have any substantial role on seedling mortality.

Choudhury (1968) mentioned that in the Sundarbans wild boars used to up-
root the seeds and seedlings but the extent of damage was not high. The animals
feed on roots, stems, seeds, crustaceans, molluscs, marine turtle eggs, dead fish
and other animals (Sanyal 1983). As the food habit of the animals is diverse, they
were not found to deliberately harm the seedlings.

Role of rodents

In compartment 24, six-month-old seedlings of H. fomes were found to be
attacked by rodents as apparent from the nature of injury to the collars. When
estimated in a plot, it appeared that 41% of the newly recruited seedlings were
destroyed by the black rat (Rattus rattus). Out of 76 seedlings appearing in the
plot, 37 seedlings were killed when six months old. Identification of the animals
was made following trapping. No seedlings of the previous years were damaged by
the rats. Damage to H. fomes seedlings was also noticed at compartment 1. Rat
attack was not detected in other parts of the forests. Damage was confined to a few
places with lower salinity and higher ground elevation. The R. rattus in Australia
occupied many habitats including mangroves. This species cannot survive on full
strength sea water, and consequently must depend on water in its food or perhaps
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temporary fresh water during rains (Dunson & Lazell 1982). Higher level of salinity
in other parts of the Sundarbans might limit the activities of rats.

Conclusion

Of variously available species, Heritiera fomes alone constitutes 24% of the seedling
recruits in the Sundarbans. Recruitment density varied considerablyamong different
parts of the forests. Rate of seedling establishment was low.

Level of salinity and tidal inundation influenced the regeneration of H. fomes.
Higher recruitment and survival of seedlings were noticed with lower level of
salinityand inundation. As regards biotic factors, the spotted deer (Axis axis)did not
adversely affect regeneration; rather they might help dominance of H. fomes
through their preferential browsing habit. The role of wild boar (Sus scrofa), rhesus
macaque (Macaca mulatta) and crabs on regeneration was insignificant. The black
rat (Rattus rattus) caused damage to new seedlings but only in restricted areas.

Henitiera fomes is the dominant species of the mangroves of Bangladesh. It has a
great economic importance because of its multiple uses. Decline in stocking of the
species has been reported. Therefore, further studies on various factors that affect
the survival and establishment of the seedlings of H. fomes need to be undertaken.
This could help develop methods to ensure adequate natural regeneration and
improve the stocking of the species.
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