Multiple Stressors in a Mangrove Die-off
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Introduction
Natural and anthropogenic forces often act concomitantly to
stress coastal ecosystems (Halpern et al. 2008b). Multiple
stressors often interact synergistically having a larger effect on
an ecosystem than would be expected from a single stressor
alone (Vinebrooke et al. 2004, Halpern et al. 2008a).
Synergistic interactions are predicted to accelerate biodiversity
loss and reduce ecosystem function across coastal areas (Sala
and Knowlton 2006). As a result, these interactions are of
utmost concern in conservation and management of coastal
habitats (Laurance and Useche 2009).
Mangroves are a foundation species in tropical coastal
ecosystems. They provide ecosystem services e.g., nursey
habitat for reef and commercial marine organisms and carbon
sequestration (Barbier et al. 2011). Unfortunately, mangrove
forests are declining as a result of myriad factors, many related
to human activities in the coastal zone (Barbier et al. 2011).
Mangrove ecosystems are subjected to multiple stressors
(natural and anthropogenic) and whether these stressors interact
synergistically has important implications for conservation and
management of mangrove forests. Here, we present a case study
from Abaco, The Bahamas in which dwarf Red Mangroves
(Rhizophora mangle) are dying. Our data suggest that these
dwarf R.mangle are stressed by multiple factors, including a
plant pathogen, herbivory, and altered abiotic conditions (e.g.,
increased salinity).

Figure 3: Image of Robust Bush Cricket
(Tafilasca eleuthera), the macrograzer of
interest in this experiment.

Figure 4: Image of herbivore exclusion
experiment from the field.

1. Are grazers contributing to the mangrove die-off?
2. Is plant disease contributing to the die-off?
3. Are grazing and disease interacting to contribute to die-off?
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Figure 8: Image of lesion on R.
mangle leaf.

Figure 9: Image of lesion on R.
mangle leaf.

3. Are grazing and disease interacting to
contribute to die-off?

Figure 15: Leaf pair after 28day simulated grazing
experiment.
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Figure 5: Experimental design of the grazer field experiment. A total
of 48 plots were established representing three treatments: exclusion
(A), cage control (B), control (C).
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2. Is plant disease contributing to the die-off?

Figure16: Leaf pair after 28day simulated grazing
experiment.
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•We are using a cage exclusion experiment to manipulate the
presence and absence of large macrograzers on individual
dwarf mangrove trees adjacent to the die-off area.
•Treatments span the boundary zone (immediately adjacent to
dead mangroves) into a live zone (Figure 5).
•Preliminary results demonstrate that fully enclosed cages
have a lower proportion of chewed leaves (Figure 6).

Figure 1: Image of dwarf mangrove die-off from
Abaco, The Bahamas.
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1. Are grazers contributing to the mangrove
die-off?
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Figure 17: Average number of lesions on simulated grazing (blue) and control
(orange) leaves. Error bars are standard error.

Figure 10: Disease survey map based on citizen science
surveys. The color of the circle represents how many leaves
with lesions were documented. Pale yellow=1 lesion and Red=
>50 lesions.

•Citizen science surveys were used to determine the
presence/absence of this pathogen across Abaco (Figure 10).
Based on this information we collected >100 infected leaves to
determine pathogen identity using morphological identification
in addition to DNA sequencing.
•We are currently working with cultured Pestalotiopsis spp.
from infected leaves. Koch’s postulate trials are ongoing.
•Preliminary trial demonstrated successful infection (lesion
development) from inoculations (Figure 12).

•600 leaf pairs where one leaf was cut to simulate grazing with
craft scissors and the other was the control. All leaf pairs used
were from the same shoot and showed no signs of disease or
grazing.
•Preliminary results demonstrate that lesion development occurred
more in simulated grazing leaves over a 28-day period (Figure 17).

Future Work
• Our next steps will investigate how abiotic stressors, such as
hypersalinity, interact with grazing and disease. We will
combine both field and laboratory experiments to elucidate how
these three stressors interact.
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Figure 6: The proportion of damaged leaves across treatments in each
treatment from 2015 (orange) and 2016 (blue). On the right, the number of
leaves per treatment from 2014-2016. Error bars are standard deviations.
Figure 18: Diagram of multiple stressors that
could be interacting in the mangrove die-off.
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Figure 11: Microscopic image of
Pestalotiopsis spp. conidia from
mangrove leaf culture.
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Figure 12: Image of lesions that
developed after inoculation with
Pestalotiopsis conidia.
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Figure 7: Damaged R. mangle leaves.

Figure 2: NDVI analysis of the die-off region on Abaco, The Bahamas. Red
represents negative NDVI values corresponding barren land. Green represents
positive NDVI values corresponding to dense, live vegetation.
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Figure13: R.mangle saplings
growing at NCSU.

Figure 14: Moist chambers
containing inoculated and control
R.mangle leaves from Koch’s
postulate trials.
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