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The effects of stem height and insect damage on plant moisture stress on San Salvador Island, 
The Bahamas

Drew E. I. Barber, Todd P. Egan, and Lynn L. Gillie
Department of Biology, Elmira College, Elmira, NY

1. Abstract

There have been many ecological, 
reproductive, and systematic studies on the 
flora of San Salvador Island, the Bahamas, but 
little research has focused on the ecology or 
physiology of halophytic species.  The present 
ecophysiological study builds on previous 
studies by incorporating plant moisture stress 
data into plant distribution studies.  Plant 
moisture stress was determined via pressure 
chamber.  Preliminary data were collected 
from several herbaceous and woody species 
at 3 locations on San Salvador Island.  Data 
were collected for leaf, stem, and inflorescence 
samples, and for insect-damaged and intact 
plants.  April 2015 was very dry, and as a 
result most plants growing along Reckley Hill 
Pond were too stressed to exude water even 
under high pressure.  An exception was Bay 
Marigold with a value of 0.4 MPa, located 8 
m from shore.  Leaves or stems of tree species 
higher in the canopy demonstrated a greater 
tension compared to petioles or stems lower 
in the canopy.  Higher tension can overcome 
the combined effects of gravity and friction 
through the xylem to move water to the top 
of the plant.  Preliminary data from Graham’s 
Harbour plants were highly variable, so more 
data are needed to determine an effect of 
insect predation or moisture stress between 
species.  It is hypothesized that plant moisture 
stress will decrease with increasing distance 
from the Reckley Hill Pond shore.  It is also 
hypothesized that the tension required to move 
water higher up a tree will increase with canopy 
height, and that insect damaged plants will be 
more moisture stressed than intact plants.

2. Introduction

Since the First Symposium on the Botany of 
the Bahamas in 1986 there have been many 
detailed studies on the reproductive biology 
(e.g. Rathcke et al. 1996; Shoffeitt and Wilson 
1987), natural history (e.g. Landry et al. 2007; 
Smith 1993), and taxonomy and systematics 
(e.g. Cross and Cruz-Alvarez 2011; Hill and 
Smith 1987) of plants on San Salvador Island.  
There have also been several studies of the 
mangrove communities of San Salvador (Cross 
and Cruz-Alvarez 2011; Landry et al. 2007; 
Rathcke et al. 1996).  In contrast, there has 
been only one study focused on non-mangrove 
halophyte (salt tolerant) species (Rivers 1986).  
In this study, Rivers identified the vegetation 
around several inland saline bodies of water, 
noting their salinity levels.

Edwards (1996) identified San Salvador’s 
inland lakes as “islands” unto themselves, 
and outlined research opportunities in these 
unique habitats.  Therefore, eco-physiological 
plant moisture studies of halophytic species 
such as Batis maritima L. (Batis), Salicornia 
virginica Forssk. (Salicornia), and Borrichia 
arborescens (L.) DC. (Bay Marigold) would 
be a meaningful addition to the research 
performed on San Salvador Island.  It is also 
important to study the effects of water stress on 
non-halophyte species.

In pre-Columbian times, Swietenia 
mahagoni (L.) Jacq. (Mahogany) trees were 
once an important component of San Salvador’s 
vegetation.  However, in the early 1800’s 
this valuable timber species was cut down 
by plantation owners for naval engineering.  
However, without this vegetative protection, 
much of the soil has eroded away leaving little 
soil for native plants or farming (White 1985).  
As a result of this erosion, San Salvador is now 
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characterized as having a scrubland habitat.  
However, plant species are not homogeneously 
distributed around the island, but instead form a 
patchwork of different communities predicated 
upon different soil or substrate type and depths, 
proximity to fresh, saline, or hypersaline water, 
and protection from high winds (Smith 1993).

In addition to the halophytes above, the 
moisture stress of woody, non-halophyte 
species was tested.  Terminalia catappa L. 
(Indian Almond) and Mahogany were tested 
because they are tree species capable of 
growing to approximately 24-25 meters tall 
(Correll and Correll 1996), and therefore have 
the potential to show the largest gradient in 
water tension due to plant height.  As a remnant 
population, Mahogany is especially important 
to study.  The shrubs Gundlachia corymbosa 
(Urb.) Britton ex Boldingh (Horse Bush) and 
Tournefortia gnaphalodes L. (Bay Lavender) 
often inhabit coastal rock communities that are 
buffeted by wind and salt spray, and Croton 
linearis Jacq. (Granny Bush) which will inhabit 
coastal rock and coastal coppice communities 
(Smith 1993).  Halophyte distribution on 
San Salvador is similar to the distribution of 
halophytes in other parts of the world.  Zia 
et al. (2007) found that salinity, temperature, 
and water availability are important factors in 
determining halophyte zonation.  Dagar (1995) 
found that in many of the same species (or at 
least congeners) growing in India that are found 
on San Salvador, they have similar distribution 
patterns.  Egan and Ungar (2000) state that 
physiological limitations can prevent seeds 
from germinating in areas that are too saline for 
a given species, but that competition from less 
salt tolerant species in lower saline areas may 
prevent more salt tolerant plants from moving 
into that area.

Our hypothesis is that plants in more water 
and salt stressed environments will require 
more tension to pull water through the stem.  
We further hypothesize that more tension is 
required to pull water further up a tree or shrub 
in any type of habitat.  The results presented 
here serve as a pilot study for a more systematic 

investigation into plant water stress on San 
Salvador Island.

3. Methods

Three preliminary experiments to outline future 
studies took place from April to May of 2015.  
Experiments investigating water stress in 
multiple plant species were conducted at three 
locations on San Salvador. At Reckley Hill 
Pond, moisture stress in Batis, Salicornia, and 
Bay Marigold was measured at 1 m intervals 
over 8 m starting at the edge of the pond.  
Percent cover was estimated and soil samples 
were taken at this location to better understand 
the effects of salinity and osmotic stress on 
plant distribution and density.

On the Gerace Research Centre (GRC) 
campus, the tension required to pull water to 
the top and bottom of the canopy of Indian 
Almond inflorescence stems and Mahogany 
leaves was measured to determine the effects 
of plant height on water stress.  The lowest 
Mahogany leaves on the tree were selected to 
be tested.  Petioles on Indian Almond leaves 
were too large to fit into the compression 
gland of the pressure chamber, so the lowest 
inflorescence stems were collected instead.  
The highest samples were collected from as 
high up in the trees that Dr. Egan could safely 
maneuver through the canopy and cut samples, 
and plant heights were estimated.  Data for 
the Indian Almond inflorescences are single 
measurements taken at 3.66 meters above the 
ground (at the top of the tree), and 1.22 meters 
above the ground (at the bottom of the tree).  
Mahogany values are an average of two pairs 
of measurements taken 5.5 m above the ground 
(at the top of the tree) and 1.83 m above the 
ground (at the bottom of the tree).

Along Graham’s Harbour, moisture stress 
was measured in Horse Bush, Granny Bush, 
and Bay Lavender.  Estimates of moisture 
stress were compared among species, plant 
organs, and intact vs. insect chewed stems.  
One to three samples were collected at chest 
height after close inspection for insect damage.  

BARBER ET AL. PLANT MOISTURE STRESS
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Samples were collected along the inland side 
of the Queen’s Highway near the east fence 
opening at the GRC.

Xylem tension, an indicator of plant 
moisture stress, was determined using the 
pressure chamber technique (PMS Instrument 
Company, Model 1000) and air pressure was 
supplied via a SCUBA tank.  The pressure at 
which stem sap moves backwards through the 
leaf or stem is equal to the tension required to 
pull water through the stem.  Therefore, the 
more pressure it takes to push water through 
the stem, the more water stressed the plant is 
(Scholander et al. 1965; Scholander 1968).

4. Results

April 2015 was exceptionally dry, leaving 
Reckley Hill Pond with a high average salinity of 
54 ppt which approaches twice that of seawater 
(Rivers 1986).  As a result, the halophytes Batis 
and Salicornia yielded no data even at 2.7 MPa.  
Even though the pressure chamber we used was 
specifically constructed for halophyte work 
and therefore had a chamber rated in excess of 
10 MPa, 2.5 MPa was the highest pressure we 
felt was safe to take because pressure needed to 
force water through Salicornia was so high that 

stem sections appeared to disarticulate making 
a loud popping noise (but remained attached) 
before water could be forced backward through 
the stem.  In addition, Batis specimens shot 
out of the chamber at 2.7 MPa before sap 
would flow backwards through the stem.  Bay 
Marigold had a moisture stress value of 0.4 
MPa, 8 m from the shore but was immeasurable 
in specimens closer to the shore.

The trend in the data for both tree species 
was similar.  It took more tension to pull water 
to the tops of the tree canopies compared to 
the bottom of the canopies. Tension values 
were 1.05 MPa (top) vs. 0.50 MPa (bottom) for 
Indian Almond, and 2.45 MPa (top) vs. 1.97 
MPa (bottom) for Mahogany (Figure 1).

Moisture stress values for the shrub species 
Horse Bush and Bay Lavender did not show 
the same consistent trend.  In Horse Bush, stem 
values (2.2 MPa) were higher than leaf values 
(1.38 MPa).  However, in Bay Lavender, leaf 
values (0.8 MPa) were more than twice as 
high as stem values (0.3 MPa) (Table 1).  In 
addition, no consistent differences were found 
between intact and insect damaged tissue, so 
data are not presented here.

Figure 1.  Differences in tension required to move water to different elevations of Indian Almond 
(Terminalia catappa L.) inflorescence stems and Mahogany (Swietenia mahagoni (L.) Jacq.) leaf stems 
along the length of the tree.  

BARBER ET AL. PLANT MOISTURE STRESS
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5. Discussion

As expected, increasing tension was required 
to pull water farther up Indian Almond and 
Mahogany stems because a greater tension 
is required to move water higher up a stem 
because additional stem height must be 
multiplied by the frictional resistance of the 
xylem as well as the gravitational pull on 
the column of water (Taiz and Zeiger 2010).  
Pressure values of the inflorescence stem of 
Indian Almond were more than twice as high 
for stems located approximately 3.7 m off the 
ground compared to the tension required to 
move water to the stems 1.2 m off the ground 
(Figure 1).  A similar trend was found with 
Mahogany petioles where tension values for 
petioles 5.5 m above the ground were more 
than twice what was required to move water 
1.8 m above the ground (Figure 1).  

Moisture stress was measured in leaves 
and stems of Horse Bush, Bay Lavender, and 
Granny Bush growing between the beach 
and both sides of the Queen’s Highway near 
Graham’s Harbour.  A trend we see is that for 
Horse Bush and Bay Lavender, higher values 
were observed from the leaf tissue compared 
to the stem tissue because leaves are further 
along the tension continuum compared to 
the stems (Taiz and Zeiger 2010).  Moisture 
stress can be associated with insect predation 
(Cregg and Dix 2001), so a comparison was 
made between intact stems and insect-chewed 
stems of Horse Bush plants to determine if 

insect herbivory increased plant moisture 
stress.  Preliminary data varied greatly between 
chewed and unchewed stems (data not shown) 
as well as among species and organs (Table 1).  
Therefore, much larger sample sizes are needed 
to elucidate meaningful biological trends.

Correll and Correll (1996) describe Bay 
Lavender as being somewhat succulent and 
Bay Marigold as being fleshy.  It was observed 
that when sap was forced through the stems 
of these species via the pressure chamber, 
sap was exuded from succulent cortical tissue 
surrounding the xylem but not from the xylem 
tissue itself.  This is a novel finding because sap 
flow through the stem xylem is usually what is 
reported (Cochard, et al. 2001).

The data presented in this study supports the 
hypothesis in only a moderate way.  However, 
this study fulfilled its original purpose of 
providing direction and guidance for further 
studies.
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Species and Organ 

(Sample size) Average MPa values 

Horse Bush Leaf (3) 1.38 
Horse Bush Stem (3) 2.2 
Bay Lavender Leaf (1) 0.8 
Bay Lavender Stem (2) 0.3 
Granny Bush Stem (2) 0.18 

Table 1.  Moisture stress values of stems and leaves of Horse Bush (Gundlachia corymbosa (Urb.) Britton 
ex Boldingh), Bay Lavender (Tournefortia gnaphalodes L.), and Granny Bush (Croton linearis Jacq.) at 
Graham’s Harbour.
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