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Forest and Community Structure of Tropical Sub-Montane 
Rain Forests on the Island of Dominica, Lesser Antilles

Saara J. DeWalt1,*, Kalan Ickes1, and Arlington James2

Abstract - To examine short- and long-term changes in hurricane-prone sub-montane rain 
forests on Dominica in the Lesser Antilles of the eastern Caribbean, we established 17 per-
manent, 0.25-ha vegetation plots clustered in 3 regions of the island—northeast, northwest, 
and southwest. We counted all trees ≥10 cm diameter almost 30 years after Hurricane David 
caused substantial tree mortality, primarily in the southern half of the island. We identi-
fied 1 vegetation association (Dacryodes–Sloanea) with 2 variants depending on whether 
Amanoa caribaea was co-dominant. We found that differences in forest structure and spe-
cies diversity were explained more by region than forest type, with plots in the southwest 
generally having higher stem density, lower tree height, and greater species diversity than 
plots in the northeast or northwest. Our results suggest that differences in forest composi-
tion in the sub-montane rain forests of Dominica are largely attributable to the presence or 
absence of the near-endemic canopy-tree species A. caribaea, and secondarily to the degree 
of hurricane-caused disturbance.

Introduction

 The Caribbean is considered the third-most important global biodiversity 
hotspot (Mittermeier et al. 2004, Myers et al. 2000) due to the large number of 
endemic species, especially plants (Santiago-Valentin and Olmstead 2004), present 
there. Hurricanes, with their high winds and significant precipitation, are impor-
tant in determining plant-species composition and forest dynamics throughout the 
Caribbean (Tanner et al. 1991). The role of storms is likely growing in importance 
because hurricanes appear to have increased in frequency and intensity in the region 
(Emanuel 2005, Webster et al. 2005). Little is known about the forest structure, 
tree-species diversity, composition, or dynamics of tropical forests of the Caribbean 
Islands, particularly those of the Lesser Antilles. Permanent vegetation plots in the 
Caribbean, such as those in Puerto Rico (e.g., Thompson et al. 2004) and Jamaica 
(Tanner and Bellingham 2006), provide opportunities to understand island-specific 
dynamics. However, more plots on other islands are needed to understand how 
forests vary across the region and how increased hurricane frequency and intensity 
may affect Caribbean rain forest dynamics.
 Unlike many other islands in the region, over 60% of Dominica’s land cover 
is woodland (Coan et al. 2007), most likely because the rugged terrain and high 
rainfall make logging nearly impossible (Hodge 1943). Dominica has a diverse 
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flora with various endemic or near-endemic plant species and many regional en-
demics (Santiago-Valentin and Olmstead 2004); has interesting geo-morphological 
features, such as an abundance of volcanoes and geothermal activity (Fournier et 
al. 2009); and is the only Lesser Antillean island with 2 surviving, endemic parrot 
species—Amazona arausiaca Müller (Jac) and A. imperialis Richmond (Sisserou) 
(Wiley et al. 2004).
 Like all islands in the Lesser Antilles, Dominica is hurricane-prone. The stron-
gest hurricane to affect Dominica in recent history was Hurricane David, which 
caused tremendous damage to the island’s forests in 1979, particularly its south-
ern portion (Lugo et al. 1983). It was likely the most intense hurricane of the 20th 
century (Lugo et al. 1983). After Hurricane David, the population of the critically 
endangered Sisserou was restricted to the forested slopes of Morne Diablotin, the 
tallest mountain on Dominica (Evans 1986, 1991; Gregoire 1981). Several other 
hurricanes have impacted Dominica since then, including Hurricane Hugo in 1989, 
Marilyn in 1995, and Dean in 2007, but none have been as intense as Hurricane 
David (National Weather Service, NHC Data Archive http://www.nhc.noaa.gov/
data/#annual).
 In this study, we sought to characterize the sub-montane rain forest of Domi-
nica, which composes nearly 50% of the island’s woodlands (Coan et al. 2007). 
This forest type is found particularly around the 2 tallest mountains on the island, 
Morne Diablotin and Morne Trois Pitons, and is the primary habitat for nest-
ing and foraging of the 2 endemic parrots (Wiley et al. 2004). Specifically, we 
investigated whether the sub-montane rain forest should be considered 1 vegeta-
tion association across the island, or whether there are finer distinctions that may 
necessitate different management, conservation, or protection activities for the 
plants and animals in this habitat. Furthermore, answering this question for Dom-
inica will facilitate inter-island comparisons of species diversity, forest structure, 
and forest dynamics.
 Beard (1949) recognized 2 floristic associations in Domenica’s rain forests, 1 
of which had 2 faciations. Beard’s assessment came from studying trees ≥9.7 cm 
(≥1 ft) in diameter within 4 ha (10 ac) on Dominica as well as several other Lesser 
Antillean islands including St. Kitts, St. Lucia, St. Vincent, and Grenada. Although 
Beard did not enumerate plots or transects on Guadeloupe and Martinique, he vis-
ited those islands and incorporated the work of Stehlé (1935, 1945). Based on these 
data and observations, Beard named 2 floristic associations that occurred at lower 
elevations (60–900 m) with annual mean precipitation >2200 mm in the Lesser 
Antilles. He named one Dacryodes–Sloanea rain forest, which he noted occurred 
throughout the Lesser Antilles with the same dominant canopy-tree species at simi-
lar relative abundances from island to island. He found this association to be similar 
to the Dacryodes–Sloanea forest found in Puerto Rico. Beard also identified a Lica-
nia–Oxythece association, which on Dominica could be found with or without the 
near-endemic canopy tree Amanoa caribaea. On other Antillean islands, he found 
this association (without A. caribaea) only on St. Lucia where it was named for 
the dominant canopy trees Licania ternatensis and Oxythece pallida (C.F. Gaertn.) 
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Cronquist, which is now called Pouteria pallida (C.F. Gaertn.) Baehni and will 
be referred to as such henceforth. Beard noted that on Guadeloupe, the only other 
island where A. caribaea is present, the forest was intermediate between the 2 as-
sociations with Dacryodes, Amanoa, and Sloanea as dominant species. However, 
he did not characterize an association with this mixed assemblage in Dominica.
 More recently, the Caribbean Vegetation Ecology Working Group identified 
only 1 forest alliance in sub-montane rain forests of the Lesser Antilles and called 
it the Dacryodes excelsa–Sloanea massoni Sw. forest alliance (Areces-Mallea et 
al. 1999). These authors noted that this alliance is related to the Dacryodes ex-
celsa–Sloanea berteriana forest alliance found on Puerto Rico—also referred to 
as tabonuco forest, the Puerto Rican name for D. excelsa). The type specimen of 
S. massoni corresponds to S. dentata L., and T.D. Pennington (Royal botanical 
Gardens, Kew, Richmond, UK) recommends using the only other available name, 
which is S. truncata Urb. Therefore, we will call this species S. truncata and the 
forest alliance identified by Areces-Mallea et al. (1999) as the Dacryodes excelsa-
Sloanea truncata forest alliance.
 We used evidence from hierarchical clustering of plots based on tree-species 
composition, as well as differences in the identity and dominance of the canopy-
tree species, in forest structure, and in diversity to determine whether there is 1 rain 
forest type in Dominica, as suggested by the Caribbean Vegetation Ecology Work-
ing Group (Areces-Mallea et al. 1999), or 2 rain forest types as identified by Beard 
(1949). We also examined the extent of differentiation among the 3 regions. We hy-
pothesized that (1) sites near Morne Trois Pitons in SW Dominica would have more 
signs of disturbance (shorter canopy height, higher stem density, lower basal area, 
and higher abundance of pioneer trees) than those in the NE and NW because the 
southern region was affected more strongly by Hurricane David (Lugo et al. 1983) 
and (2) windward and lower-elevation sites (NE) and leeward and higher elevation 
sites (NW) on the sides of Morne Diablotin would differ in composition because 
of differences in rainfall and elevation. Finally, we made an initial assessment of 
differences in forest structure and diversity between our Dominica plots and those 
in the Dacryodes-Sloanea forests in the Luquillo long-term ecological research 
plot in Puerto Rico. We expect that these types of comparisons will be facilitated 
by additions to the Caribbean Foresters Information Sharing Platform. Like those 
in Puerto Rico, the permanent plots in Dominica will also provide baseline data to 
track how forest structure and community structure change over time.

Field-site Description

 Dominica is a volcanic island located in the center of the north–south running 
Lesser Antillean island chain of the eastern Caribbean, between Guadeloupe to the 
north and Martinique to the south (15°25' N, 61°20' W; Fig. 1). Dominica is a small 
island: 47 km long, 29 km wide at its widest, and 754 km2 in area. The terrain of the 
island is extremely rugged and dominated by Morne Trois Pitons (1424 m asl) in 
the south and Morne Diablotin (1447 m asl) in the north. These 2 mountains, along 
with many other smaller mountains and hills, intercept the Atlantic Trade Winds 
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and cause highly variable rainfall. Mean annual rainfall in the interior ranges from 
3500 mm to more than 8000 mm, with estimated totals substantially higher towards 
the summits of the 2 tallest mountains.
 We established seventeen 0.25-ha (50 m x 50 m) permanent vegetation plots 
clustered in 3 geographic regions of Dominica: 6 plots in the northeast (NE) in the 
Northern Forest Reserve, 4 in the northwest (NW) in the Morne Diablotin National 
Park and Northern Forest Reserve, and 7 in the southwest (SW) in Morne Trois 
Pitons National Park. The range in elevation for each region was 224–389 m asl in 
the NE, 549–747 m in the NW, and 549–732 m in the SW (Table 1). Climatological 
records are not available for these plots, but mean annual precipitation is likely to 
be between 3000 and 6000 mm/year, with rainfall amounts in the NE lower than 
in the SW or NW (Forestry, Wildlife, and Parks Division of Dominica, Roseau, 
Dominica, unpubl. data). We established plots where there was no sign of current 

Figure 1. Map of study sites on the island of Dominica, eastern Caribbean. Sites were lo-
cated in 3 regions: the northeast (NE), northwest (NW), and southwest (SW). Codes for 
plots correspond with those given in Table 1.
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or past human activity (i.e., logging or agriculture), slopes were <45°, large ravines 
were absent, and soils were not permanently waterlogged. Each plot was at least 
400 m from any other plot. We included gaps, but avoided areas that were known or 
suspected to have nesting Sisserou parrots. Gaps resulted from single treefalls and 
were too small to substantially influence structure or composition at the plot-level.
 We identified plants to species by comparison with voucher specimens deposited 
in the national herbarium of Dominica (Springfield, Dominica) and the University 
of Puerto Rico-Río Piedras (UPRRP). We used morphotypes for species that have 
not been taxonomically well-resolved. We consulted the Taxonomic Name Resolu-
tion Service to standardize plant names (Boyle et al. 2013).

Methods

 We divided each vegetation plot into 10 m x 10 m subplots for sampling in 2006 
or 2007. The average slope of the plots ranged from relatively flat in M3 (average 
slope = 6.2°) to very steep in S2 (35°) (Table 1).
 We tagged and measured all trees ≥1 cm diameter at breast height (dbh), and 
identified them using standard Center for Tropical Forest Science methods for trees, 
including measuring tree diameters 50 cm above the last buttresses (Condit 1998), 
but herein, report only information on trees ≥10 cm dbh. We also measured lianas 
≥0.5 cm diameter. We used a laser rangefinder (Impulse, Laser Tech, Inc., Engle-
wood, CO, USA) to measure the height of each tree ≥30 cm dbh that was not leaning 
and did not have a broken top.

Table 1. Attributes of the seventeen 0.25-ha permanent vegetation plots in sub-montane rain forest of 
Dominica. Slope was averaged over the twenty-five 10 m x 10 m subplots in each plot.

Code Plot name Altitude (m) Slope (°)

Northeast region  
  SH1 Simpa Heights 1 305 18.8
  SH2 Simpa Heights 2 366 30.2
  SH3 Simpa Heights 3 389 23.2
  SH4 Simpa Heights 4 274 11.2
  SH5 Simpa Heights 5 233 19.2
  SH6 Simpa Heights 6 224 15.8

Northwest region  
  C Carholm 660 23.9
  MR Morne Rachette 747 10.7
  MT Morne Turner 549 27.6
  SBNT Syndicate 602 13.9

Southwest region  
  M1 Middleham 1 643 26.6
  M2 Middleham 2 655 10.6
  M3 Middleham 3 686 6.2
  S1 Sylvania 1 709 13.1
  S2 Sylvania 2 549 35.2
  S3 Sylvania 3 701 25.5
  S4 Sylvania 4 732 20.4
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 We conducted all statistical analyses with the R ver. 3.1.0 software package (R 
Development Core Team 2014). We first classified the 17 plots into vegetation groups 
using hierarchical clustering methods. We used the metric 1 – SMH, in which SMH is the 
Morisita–Horn (MH) index of community similarity on the species that occurred in 
at least 2 plots (vegdist function with the horn-distance metric; vegan package ver. 
2.0-10) and the Ward method of clustering (hclust function with the ward.D2 method; 
stats package ver. 3.1.0). We chose the MH index because this metric is very sensitive 
to the abundance of the most common species in the assemblages (Chao et al. 2005, 
2006), and thus, would be particulrly informative for vegetation classification. We 
used indicator-species analysis to determine which tree species were indicative of the 
vegetation groups identified by the clustering method (multipatt function with 999 
permutations; indicspecies package ver. 1.7.1).
 We also visualized community similarity utilizing non-metric multidimensional 
scaling (NMS) using the MH index and included only species that occurred in at 
least 2 plots (67 species; metaMDS function; vegan package). We employed per-
mutational multivariate analysis of variance (MANOVA; adonis function with the 
horn-distance metric; vegan package) to test for differences in species composition 
among the groups.
 We calculated stem density and basal area per hectare, and used Fisher’s α index 
of diversity and the rarefied number of species as measures of species diversity. The 
number of species was rarefied to 146 individuals, which was the lowest number of 
individuals found in any one plot. As a measure of dominance, we used the Berger-
Parker index that calculates the proportion of individuals in a plot composed of the 
most-common species.
 We compared forest structure (stem density, total basal area, and tree height), 
species diversity (Fisher’s α and rarefied number of species), and species domi-
nance (Berger-Parker) among vegetation groups and regions using analysis of 
variance (ANOVA). We log-transformed density and basal area, and arcsine-trans-
formed the Berger-Parker index to meet the assumptions of normality of residuals 
and homogeneity of variance. We calculated the η2 measure of effect size for each 
test (eta-squared function; lsr package ver. 0.3.2) to compare the degree to which 
group or region explained differences in structure or diversity. We examined pair-
wise differences among the 3 regions using Tukey’s honest significant differences 
(HSD) method.

Results

 We identified 85 species in 33 families among the 3589 individual trees ≥10 cm 
dbh we recorded in the 17 plots. Averaged across all plots, Fisher’s α diversity was 
10.0, the Berger-Parker index was 0.18, rarefied species richness for 146 individu-
als was 28, stem density was 844 individuals/ha, basal area was 61.6 cm2/ha, and 
tree height was 25.0 m.
 Overall, the 10 most common tree species were a mixture of canopy, midstory, 
and understory trees with a range of distributions from those restricted to 2 islands 
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to widely Neotropical (Table 2). The tree species that were most common differed 
among plots (Table 3). Some species consistently occurred across plots (e.g., Ta-
pura latifolia and Sterculia caribaea), whereas others were absent from at least one 
plot (D. excelsa, A. caribaea, and M. mirabilis) (Table 4). Amanoa caribaea had 
the highest density of any species in any 1 plot (59 individuals in MR in the NW), 
but it was completely absent from 6 plots (Table 4). Dacryodes excelsa, Sloanea 
caribaea, and A. caribaea had the highest basal area overall, contributing 20%, 
16%, and 12%, respectively. When examining just trees ≥30 cm dbh, the 5 most 
common species, in order of decreasing abundance, were D. excelsa, A. caribaea, 
T. latifolia, Sterculia caribaea, and Sloanea caribaea.

Vegetation associations
 Cluster analysis identified 2 groups (Fig. 2). Group 1 had 5 of the 7 SW plots, 1 
of the 4 NW plots, and none of the NE plots. The NMS ordination of plots (Fig. 3) 
closely matched the hierarchical clustering analysis (Fig. 2). The 2 groups identi-
fied were significantly different from each other according to the permutational 
MANOVA (F1,15 = 12.1, P < 0.001). The canopy-tree species with greatest basal 
area were Sloanea caribaea and Dacryodes excelsa in Group 1 and D. excelsa, 
Amanoa caribaea, and Sloanea caribaea in Group 2 (Table 5).
 The division between the 2 groups was driven primarily by the abundance of 
Amanoa caribaea, which was the only significant indicator species for Group 2. 
This species was absent or had only 1 individual in the plots that clustered in Group 
1, whereas it was present in all plots in Group 2, except the MT plot (Table 4). Pou-
teria pallida and Licania ternatensis had greater basal area and more individuals in 
Group 2 than Group 1 (Table 5). Pouteria pallida ranked 10th of 71 species in basal 
area in Group 2, but was 53rd out of 69 species in Group 1. Fifteen species were 
significantly associated with Group 1. In decreasing order of the degree to which a 

Table 2. Ten most common tree species ≥10 cm dbh across 17 plots in Dominica, listed in order of 
decreasing abundance. Tree stratum (C = canopy, M = midstory, U = understory) was determined by 
field observation, measured tree heights, and descriptions in Howard (1989). Distribution = the geo-
graphical distribution as determined from Howard (1989); n = the number of individuals ≥10 cm dbh 
in this study; % of stems = the percent of all individuals across the study composed by the species;  
and Height = the mean height for the 6 tallest trees ≥30 cm.

     % of  Height
Species Family Stratum Distribution n stems (m)

Tapura latifolia Dichapetalaceae M Lesser Antilles 330 15.1 31.5
Dacryodes excelsa Burseraceae C Caribbean 324 14.8 41.5
Amanoa caribaea Phyllanthaceae C Guadeloupe, Dominica 321 14.6 41.8
Sterculia caribaea Malvaceae M Lesser Antilles 258 11.8 35.4
Miconia mirabilis Melastomataceae M Neotropical 243 11.1 25.6
Rudgea citrifolia Rubiaceae U Lesser Antilles 159 7.3 -
Licania ternatensis Chrysobalanaceae C Lesser Antilles 151 6.9 36.8
Sloanea caribaea Elaeocarpaceae C Neotropical 147 6.7 37.8
Gerascanthus reticulatus Boraginaceae M Lesser Antilles 132 6.0 -
Micropholis guyanensis Sapotaceae M Neotropical 127 5.8 29.3



Caribbean Naturalist

123

S.J. DeWalt, K. Ickes, and A. James
2016 Special Issue No. 1

Table 3. Forest-structural and species-diversity attributes of trees ≥10 cm dbh in the seventeen 0.25-ha 
permanent vegetation plots in sub-montane rain forest of Dominica. Group = the vegetation associa-
tion as identified in Figure 2, # of trees = number of tree stems per ha, BA = total basal area (m2) per 
ha, height = the mean height of trees ≥30 cm dbh, S = the number of species in the plot, E(146) = the 
number of species that would be expected to occur among 146 individuals in each plot as determined 
by rarefaction, and BP = Berger-Parker index and is the proportion of individuals composed by the 
most common species in the plot. Species-level information is in Appendix 1.

  # of    
  trees/ha BA  Height  Fisher’s   Most common 
Plot Group ≥10 cm ≥30 cm (cm2/ha) (m) S α E(146) BP species 

Northeast region        
  SH1 2 584 204 56.78 28.9 24 8.17 24 0.16 Tapura latifolia
  SH2 2 804 232 63.33 23.6 21 5.90 20 0.23 Amanoa caribaea
  SH3 2 932 312 62.32 25.1 23 6.33 20 0.21 Amanoa caribaea
  SH4 2 620 168 43.09 31.2 23 7.47 23 0.13 Rudgea citrifolia
  SH5 2 776 168 48.71 25.9 28 8.98 26 0.16 Sterculia caribaea
  SH6 2 780 160 39.56 27.0 23 6.78 21 0.24 Tapura latifolia

Northwest region        
  C 1 872 228 88.08 24.5 35 11.78 31 0.10 Tapura latifolia
  MR 2 876 248 72.90 27.5 31 9.86 27 0.27 Amanoa caribaea
  MT 1 600 204 54.59 24.3 29 10.71 29 0.19 Tapura latifolia
  SBNT 2 708 236 88.34 29.2 24 7.49 22 0.32 Amanoa caribaea

Southwest region        
  M1 1 1216 160 61.70 18.9 38 11.46 32 0.18 Miconia mirabilis
  M2 1 1052 188 60.70 22.5 42 14.10 35 0.17 Miconia mirabilis
  M3 1 924 168 52.15 18.4 37 12.44 32 0.11 Sterculia caribaea
  S1 1 800 140 58.61 25.7 33 11.25 30 0.12 Eugenia coffeifolia
  S2 2 868 192 60.17 24.1 37 12.82 34 0.16 Amanoa caribaea
  S3 1 976 232 61.72 23.0 41 14.10 35 0.13 Miconia mirabilis
  S4 2 964 268 75.22 24.1 33 10.34 27 0.15 Dacryodes excelsa

Figu re  2 . 
Cluster den-
d r o g r a m 
of the 17 
vege ta t ion 
plots in sub-
m o n t a n e 
rain forests 
o f  Domi -
nica based 
on trees ≥10 
c m .  T h e 
boxes  de-
note the 2 
groups iden-
tified in the 
analysis. 
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Table 4. Number of stems ≥10 cm dbh and percentage of individuals per plot for 8 tree species. 
Amanoa caribaea (A. c.), Dacryodes excelsa (D. e.), Licania ternatensis (L. t.), Sloanea caribaea 
(Sl. c.), Sterculia caribaea (St. c.), and Tapura latifolia (T. l.) were among the 10 most common tree 
species found across Dominica (Table 2). Amanoa caribaea was an indicator species for Group 2; 
Eugenia coffeifolia (E. c.) and Miconia mirabilis (M. m.) were indicator species for Group 1.

  A. c.   D. e.   E. c.   L. t.   M. m.   Sl. c.   St. c.   T. l.

Plot Group No.  %   No.  %   No.  %   No.  %   No.  %   No.  %   No.  %   No.  %

Northeast region                      
  SH1 2 16 11  16 11  2 1  9 6  1 1  2 1  12 8  23 16
  SH2 2 47 23  19 9  0 0  25 12  2 1  9 4  9 4  24 12
  SH3 2 49 21  29 12  1 0  47 20  0 0  1 0  2 1  22 9
  SH4 2 12 8  13 8  1 1  0 0  0 0  5 3  17 11  18 12
  SH5 2 11 6  19 10  5 3  8 4  7 4  7 4  32 16  13 7
  SH6 2 1 1  44 23  0 0  4 2  0 0  0 0  9 5  47 24

Northwest region                      
  C 1 1 0  21 10  1 0  2 1  14 6  13 6  7 3  22 10
  MR 2 59 27  25 11  0 0  0 0  27 12  6 3  13 6  2 1
  MT 2 0 0  11 7  0 0  0 0  0 0  16 11  25 17  28 19
  SBNT 2 57 32  21 12  0 0  3 2  1 1  4 2  4 2  49 28

Southwest region                      
  M1 1 0 0  6 2  6 2  3 1  55 18  14 5  34 11  5 2
  M2 1 0 0  13 5  12 5  11 4  44 17  9 3  19 7  12 5
  M3 1 0 0  0 0  8 3  0 0  17 7  12 5  24 10  16 7
  S1 1 0 0  4 2  23 12  0 0  15 8  18 9  16 8  9 5
  S2 2 34 16  15 7  0 0  17 8  15 7  7 3  7 3  8 4
  S3 1 0 0  31 13  11 5  14 6  32 13  8 3  14 6  9 4
  S4 2 34 14   37 15   7 3   8 3   13 5   16 7   14 6   23 10

Figure 3. Non-metric 
multidimensional scaling 
ordination of seventeen 
0.25-ha plots on the is-
land of Dominica based 
on their similarity in spe-
cies composition of trees 
≥10 cm dbh. Plot codes 
correspond to those given 
in Table 1. Plots are la-
beled with black-filled 
circles in the NE region, 
black-filled squares in the 
NW, and gray-filled tri-
angles in the SW. Dashed 
lines intersect or enclose 
plots that were grouped 
into 1 of 2 groups shown 
in Figure 2. The stress 
was 12.6.
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species was found only in plots assigned to Group 1, they were the following: Eu-
genia coffeifolia, Endlicheria sericea, Myrcia deflexa, Acinodendron trichotomum, 
Prestoea acuminata, Miconia mirabilis, Inga ingoides, Micropholis guyanensis, 
Symplocos martinicensis, Guarea glabra, Nectandra membranacea, Abarema ju-
punba, Myrcia fallax, Cyathea arborea, and Rauvolfia biauriculata.

Forest structure and species diversity
 The 2 vegetation groups differed significantly in forest structure and species di-
versity (Table 6). The group without A. caribaea and with more of the pioneer tree 
M. mirabilis (Group 1) had more individuals, lower tree height, greater Fisher’s α 
diversity and rarefied species richness, and lower dominance (Fig. 4).
 The geographic regions differed significantly in the number of individuals, basal 
area, Fisher’s α, tree height, and rarefied species richness (Table 6). SW plots had 
more individuals and lower tree height than the northern plots. Both SW and NW 
regions had higher diversity (Fisher’s α and rarefied species richness) than the NE 
plots. The NW plots had greater basal area than the NE plots (Fig. 5).

Table 6. Results from an analysis of variance to test for differences among the 2 groups and 3 geo-
graphical regions for 3 forest structural and 3 diversity variables. An estimate of the variance ex-
plained (η2) is also provided. 

 Groups Regions

Variable F1,15 P η2  F2,14 P η2

Number of individuals ≥10 cm/ha 7.6 0.01 0.34  5.3 0.02 0.43
Basal area (m2/ha) 0.4 0.56 0.02  5.6 0.02 0.44
Height 10.0 0.01 0.40  5.5 0.02 0.44
Fisher’s α 16.5 0.001 0.52  20.1 <0.001 0.74
E(146) 17.1 <0.001 0.53  20.1 <0.001 0.74
Berger-Parker 7.4 0.02 0.33  2.3 0.14 0.25

Table 5. Percentage of basal area (% of BA) and individuals (% of stems) composed by dominant 
tree species ≥10 cm dbh found in each of the 2 groups identified by the hierarchical clustering. * de-
notes canopy species (see Appendix 1) and A denotes species classified as indicator species for those 
particular groups. Group 1 corresponds to the Dacryodes-Sloanea association of Beard (1949), while 
Group 2 corresponds to a variant of this association with Amanoa. The species are listed in order of 
decreasing basal area.

Group 1 Group 2

Species % of BA % of stems  Species % of BA % of stems

Sloanea caribaea* 24.69 5.07  Dacryodes excelsa* 23.26 11.70
Dacryodes excelsa* 14.48 5.14  Amanoa caribaea*, A 19.07 15.08
Sterculia caribaea 9.54 7.81  Sloanea caribaea* 11.44 3.43
Tapura latifolia 7.13 5.00  Tapura latifolia 9.86 12.07
Miconia mirabilisA 6.97 12.12  Licania ternatensis* 6.15 5.68
Sloanea dentata* 5.65 1.58  Sterculia caribaea 5.77 6.76
Byrsonima trinitensis* 5.02 3.84  Cananga caribaea* 2.90 2.44
Micropholis guyanensisA 3.55 5.00  Byrsonima trinitensis* 2.28 3.10
Licania ternatensis* 2.16 2.05  Sloanea dentata* 2.15 1.41
Swartzia caribaea 1.54 2.12  Pouteria pallida* 2.05 1.60
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 For the variables that significantly differed between groups and among regions, 
the effect size was greater for regions (Table 6). In statistical models that incorpo-
rated both region and group, region explained more of the variation for Fisher’s α, 
rarefied species richness, basal area, and number of individuals (data not shown). 
The only variable that differed significantly among groups but not regions was the 
Berger-Parker index of dominance. The high dominance of Amanoa caribaea in 
most plots that were categorized as Group 2 (range = 0.00–0.32, average = 0.14) 
likely contributed to this difference.

Discussion

Vegetation associations
 We found at least one vegetation association within the sub-montane rain for-
ests we studied in Dominica, and it corresponded with the Dacryodes-Sloanea 

Figure 4. Box-plots showing differences in structural variables (a, b, c) and diversity (d, e, 
f) for the 2 vegetation groups. The bold line is the median; the upper and lower parts of the 
box are the upper and lower quartiles, respectively; the whiskers show the maximum and 
minimum values, excluding outliers; the points show outliers. Height was based on trees 
≥30 cm dbh; all other structural and diversity variables were based on trees ≥10 cm dbh. 
Both groups are a Dacryodes–Sloanea association, with Group 2 also containing Amanoa 
caribaea. Significant differences between the groups (Table 5) are shown with an asterisk.
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association that is found across the Lesser Antilles. Unlike Beard (1949), we did 
not find any forests that had a high density of Licania ternatensis and Pouteria pal-
lida, which would have corresponded to his Licania–Pouteria association. We 
found a variant of the Dacryodes-Sloanea association that had a higher density of 
A. caribaea, higher abundance of Licania ternatensis and Pouteria pallida, and low-
er abundance of M. mirabilis (i.e., Group 2) than the typical association. However, 
we hesitate to call Group 2 a different association than Group 1 for several reasons.
 First, the distribution of A. caribaea appears to be determined more by dispersal 
limitation than edaphic conditions. Amanoa caribaea was either almost absent or 
very common; 8 plots had 0 or only 1 individual ≥10 cm dbh, while the other 9 
plots had between 11 and 59 individuals. Even plots relatively close to each other 
(e.g., S2 and S3; SBNT and MT) either had A. caribaea (S2, SBNT) or did not 
(S3, MT). Amanoa caribaea has dry, dehiscent fruit (Howard 1989), which seems 

Figure 5. Box-plots showing differences in structural variables (a, b, c) and diversity (d, e, 
f) for the three regions (NE = northeast, NW = northwest, and SW = southwest Dominica). 
The bold line is the median; the upper and lower parts of the box are the upper and lower 
quartiles, respectively; the whiskers show the maximum and minimum values, excluding 
outliers; the points show outliers. Height was based on trees ≥30 cm dbh; all other structural 
and diversity variables were based on trees ≥10 cm dbh. Significant differences among re-
gions based on Tukey’s HSD test are noted with different letters. 
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likely to result in substantial dispersal limitation and therefore seedling recruitment 
primarily near maternal trees. As with adults, seedlings of A. caribaea were high in 
abundance in some plots, but were completely absent in others (DeWalt et al. 2015). 
All of this evidence points to dispersal limitation in this species.
 Second, Dacryodes excelsa and Sloanea caribaea are co-dominant within the 
forests where A. caribaea occurs. The only plot in which D. excelsa was absent was 
the M3 plot in the SW, which is adjacent to a Symphonia globulifera (Clusiaceae) 
swamp, is flat, has impeded drainage, and has low canopy height. Sloanea caribaea 
was not as abundant as D. excelsa across plots, but the massive diameters of trees 
of this species contributed to its dominance in terms of basal area.
 Third, vegetation group explained some forest structure and diversity variation 
among plots, but region tended to explain more of those differences, suggesting that 
the forests with A. caribaea do not differ just because A. caribaea is a co-dominant. 
The NE plots differed from the NW and SW in diversity and from the NW in terms 
of basal area. Because all 6 of the plots in the NE were classified in Group 2, they 
tended to drive any differences detected among the groups. The NE plots were all at 
lower elevation than the NW or SW plots (Table 1) and therefore likely have lower 
mean annual rainfall. The lower species-diversity in the NE plots may result from 
a number of factors, including lower rainfall, and likely are not due to the presence 
of A. caribaea.
 Thus, it appears that on sites where A. caribaea gets established, a forest co-
dominated by Amanoa, Dacryodes, and Sloanea arises. It will be very interesting 
to compare the forest structure and diversity of our plots to those in Guadeloupe, 
the only other island on which A. caribaea occurs and where it is also a canopy 
dominant (Beard 1949).
 Although our results suggest that there is only one forest type in the rain forests 
of Dominica, we cannot rule out the possibility that we simply did not sample in 
areas that might be more heavily dominated by Licania ternatensis and Pouteria 
pallida. Beard (1949) did not specify his survey locations on Dominica, but they 
may have been in the east-central section of Dominica and at lower elevations of 
the NE, where we did not have any plots. His vegetation map of Dominica shows 
a large section of forest in the east-central area where this type of forest might be 
found. Surveys in the Central Forest Reserve or at lower elevations in the NE would 
help determine whether a separate association really exists or whether Dacryodes 
excelsa and Sloanea caribaea are always among the forest dominants.
 Our results corroborate those of the Caribbean Vegetation Ecology Working 
Group, who identified only one forest alliance in sub-montane rain forests in 
the Lesser Antilles (Areces-Mallea et al. 1999). However, we recommend that the 
name be changed from Dacryodes excelsa–Sloanea truncata forest alliance to Dac-
ryodes–Sloanea forest alliance to reflect the fact that Sloanea caribaea appears to 
be the most common Sloanea species on Dominica, St. Lucia, St. Vincent, and Gre-
nada (Beard 1949). Even if S. truncata is the more common species on Martinique 
(Fiard 1994), there would likely be better region-wide communication and ability 
to compare various datasets if the dominant species of Sloanea is not specified.

https://www.researchgate.net/publication/273084685_The_Natural_Vegetation_of_the_Windward_Leeward_Islands?el=1_x_8&enrichId=rgreq-bb73e5efd60bf412092ca6583fb5ba0c-XXX&enrichSource=Y292ZXJQYWdlOzI5MDU3NDUzNjtBUzozMTg0NTk0NTQzOTQzNjhAMTQ1MjkzODA1ODA0Ng==
https://www.researchgate.net/publication/273084685_The_Natural_Vegetation_of_the_Windward_Leeward_Islands?el=1_x_8&enrichId=rgreq-bb73e5efd60bf412092ca6583fb5ba0c-XXX&enrichSource=Y292ZXJQYWdlOzI5MDU3NDUzNjtBUzozMTg0NTk0NTQzOTQzNjhAMTQ1MjkzODA1ODA0Ng==
https://www.researchgate.net/publication/273084685_The_Natural_Vegetation_of_the_Windward_Leeward_Islands?el=1_x_8&enrichId=rgreq-bb73e5efd60bf412092ca6583fb5ba0c-XXX&enrichSource=Y292ZXJQYWdlOzI5MDU3NDUzNjtBUzozMTg0NTk0NTQzOTQzNjhAMTQ1MjkzODA1ODA0Ng==
https://www.researchgate.net/publication/274731441_Density-dependent_Survival_in_Seedlings_Differs_among_Woody_Life-forms_in_Tropical_Wet_Forests_of_a_Caribbean_Island?el=1_x_8&enrichId=rgreq-bb73e5efd60bf412092ca6583fb5ba0c-XXX&enrichSource=Y292ZXJQYWdlOzI5MDU3NDUzNjtBUzozMTg0NTk0NTQzOTQzNjhAMTQ1MjkzODA1ODA0Ng==
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Effect of hurricanes
 The effects of hurricanes were still evident both in the structure and species 
composition of our plots. Disturbance effects partially explained some of the clus-
tering of plots, although the abundance of A. caribaea was the primary determinant 
(see above). The main legacy of the hurricanes, and possibly primarily of Hurricane 
David, which affected the southern half of the island more than the northern half 
(Lugo et al. 1983), could be seen in the number of pioneer trees, particularly of 
Miconia mirabilis. The density of M. mirabilis was highest in the SW for trees ≥10 
cm (Table 4). The association of M. mirabilis with Group 1 may indicate that most 
of the plots in this group (5 of the 7 in the SW and 1 of the northern plots) were 
more recently disturbed than most of the plots in Group 2 (all of the NE plots, 3 of 
the NW plots, and 2 in the SW). Miconia mirabilis was also common in one NW 
plot in Group 2 (Morne Rachette), which along with the Carholm plot (Group 1), 
may have been affected as much as the SW plots by Hurricane David. Cecropia 
schreberiana, a shorter-lived pioneer than M. mirabilis, was not very common (14 
stems ≥10 cm total) and was only found in the SW. In addition, all C. schreberiana 
were moribund during the initial census, and 10 out of 14 had died within a year 
(S.J. DeWalt and K Ickes, unpubl. data), suggesting that we missed the main period 
when this species was common in the hurricane-disturbed plots.
 In addition to having more pioneer trees, the structure of SW plots also dif-
fered from those in the NW and NE, in that the SW plots tended to have higher 
stem density and lower tree height, as might be expected from a forest recovering 
slowly from a hurricane. However, based on work in Puerto Rico (Lugo 2008), 
we would have expected density and basal area to increase rapidly and peak 
within 15 years. Even though Hurricane David struck the island 27 years before 
our study, density and basal area may not have returned to peak levels in our 
Dominica plots by the time of our 2006–2007 census because 2 additional storms, 
Hurricane Hugo in 1989 and Marilyn in 1995, also hit the island and presumably 
disturbed the rain forests where our plots were subsequently located. Alternative-
ly, factors other than hurricane disturbance may promote higher stem density and 
lower tree height in the SW.
 Species diversity of plots in the SW was higher than those in the northern plots, 
particularly the ones in NE. This higher diversity was not an effect of the higher 
stem density because Fisher's α and rarefied species richness are not affected by 
stem density. The hurricanes that passed over Dominica may have promoted spe-
cies diversity, as has been found following hurricanes in Nicaragua (Vandermeer et 
al. 2000) and Puerto Rico (Heartsill Scalley et al. 2010). Equally likely, however, 
is that the lower elevation and possibly drier plots in the NE simply have lower 
species diversity for reasons unrelated to hurricane disturbance.

Dominican wet forest compared to others in the Caribbean
 Data from only a few studies of structure, diversity, and species composition are 
available from plots in the Caribbean region, and just a small subset of those were 
conducted in the Lesser Antilles. Here we compare our results with studies of trees 
≥10 cm dbh in the Luquillo Long-Term Ecological Research 16-ha plot in Puerto 
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Rico, part of the Greater Antilles. The Luquillo Plot is a Dacryodes-Sloanea rain 
forest similar to this association in the Lesser Antilles (Beard 1949).
 Tree diversity was remarkably similar between forests in Dominica and the 
Luquillo plot. Mean Fisher’s α per 1 ha at Luquillo was 9.27 (Thompson et al. 
2004), compared with 10.0 per plot in Dominica. Eighty-five tree, palm, and fern 
species were enumerated across the 17 plots in Dominica (4.25 ha), compared to 89 
and 86 species found in the censuses completed in 1993 and 1996, respectively, in 
the 16-ha Luquillo plot. The rain forests of Puerto Rico and Dominica are both co-
dominated by Dacryodes excelsa. In 1990 in the Luquillo plot, D. excelsa made up 
8% of the stems and 12% of the basal area on average for stems ≥10 cm (Thompson 
et al. 2002). This species had an even higher relative abundance across the plots in 
Dominica: 9% of stems and 20% of the basal area (Appendix 1).
 Aside from sharing this co-dominant tree species and similar level of diver-
sity, however, overall tree-species composition was quite different between the 
Dominica and Luquillo plots—only 18 of the 85 species from Dominica occurred in 
Luquillo. Furthermore, of the 10 most common trees in Dominica, only D. excelsa 
was among the 10 most common in Luquillo. Another dramatic difference between 
the Dominican plots and those in Puerto Rico was the relative abundance of the 
palm Prestoea acuminata var. montana. This species composed 32% of the stems 
and 13% of the basal area on average in Luquillo (Thompson et al. 2002) but only 
1.7% of the stems and <0.5% of basal area in Dominica. In Puerto Rico, this palm 
species is an important component of disturbed rain forest, and its abundance in the 
Luquillo plot was likely due, at least in part, to logging and other anthropogenic 
disturbance (Thompson et al. 2002). Prestoea acuminata var. montana is more 
common at elevations above where our plots were located, and it may be an indica-
tor of disturbance at these higher elevations (A. James, pers. observ.).
 Basal-area estimates for our plots in Dominica were much higher (61.6 m2/ha) 
than those reported for Luquillo (34.4 m2/ha). Similarly, Thompson et al. (2002) 
and Soriano-Ressy et al. (1970) noted that basal area and tree size on Dominica 
were almost double that in the least-disturbed forest at Luquillo. Soriano-Ressy 
et al. (1970) found that the ages of the trees were relatively similar and instead 
attributed the differences to higher rainfall or fertility of soils in Dominica. In 
contrast to basal area, stem density of trees ≥10 cm was similar between Luquillo 
(876 individuals/ha) and Dominica (844 individuals/ha). Thus, on average the size 
of trees is greater in Dominica, which leads to greater stand basal area. It would be 
highly informative to examine differences in soil fertility among these sites.
 Dominica’s sub-montane rain forests are among the most intact forests in 
the Lesser Antilles. In addition, they are characterized by high basal area, and 
presumably biomass, as well as high species-diversity. Beard (1949) noted that 
the Dacryodes-Sloanea stands in Dominica had the highest tree-species rich-
ness of those sampled in the Lesser Antilles. Thus, our detailed measurements 
of trees, palms, and lianas in 17 plots across 3 regions of Dominica provide an 
important baseline dataset to examine the dynamics of these high-diversity, high-
biomass forests over time. In addition, the preliminary comparison to structure 
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and composition of Puerto Rican forests demonstrates similarities, and distinct 
differences between the Puerto Rican and Lesser Antillean versions of Dacryo-
des-Sloanea forests. Whether diversity, forest structure, and species composition 
of Dominican plots are similar to those on surrounding islands (i.e., Guadeloupe 
and Martinique) and farther north and south in the Lesser Antilles remains to 
be determined by careful comparisons of plot-based data. So far, we know that 
Dacryodes excelsa, Tapura latifolia, and Amanoa caribaea are the dominant tree 
species in the rain forests of Guadeloupe (Imbert et al. 1996, 1998; Rousteau 
1993), and rain forests in Martinique appear to be dominated by Dacryodes excel-
sa, Tapura latifolia, and Sloanea truncata and to lack A. caribaea (Fiard 1994). A 
Caribbean Plot Network, similar to the network managed by the Center for Tropi-
cal Forest Science, would facilitate more detailed comparisons of stand structure, 
diversity, and composition as well as allow for studies of post-hurricane dynam-
ics, as has been possible with the Luquillo plot in Puerto Rico. The Caribbean 
Foresters Information Sharing Platform will facilitate this work (Heartsill Scalley 
et al. 2016 [this issue]).
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