A species of Pestalotiopsis identified infecting Red Mangrove (Rhizophora mangle) in The Bahamas
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Abstract

Disease Incidence Surveys

Mangroves are foundation species in coastal ecosystems providing an estimated
US $1.6 billion in ecosystem services worldwide. These services range from
providing essential nursey habitat for marine organisms to land accretion and
carbon sequestration. Unfortunately, mangrove forests are declining because of
myriad factors, many related to human activity. Here, we present a case study from
Abaco, The Bahamas in which dwarf Red Mangroves (Rhizophora mangle) are
dying in a 1.23km2 area. Initial data suggest that these dwarf R.mangle are
stressed by multiple factors, including a fungal pathogen, herbivory and high
salinity. Disease incidence surveys were completed in the die-off area and
elsewhere along the island. Simultaneously, we engaged the public to create
awareness about plant disease and developed curriculum for Bahamian high
school students to learn isolation techniques and Koch’s postulates. We found
disease present across the Island and disease incidence varied from 0 to 97%.
Infected leaf samples were collected and fungi were isolated. DNA was sequenced
using internal transcribed spacer, elongation factor 1-alpha, and beta-tubulin
genes. Pestalotiopsis sp. were the most commonly identified fungi from tissue
samples. Koch’s postulate trials are ongoing but initial trials indicate the pathogen
caused disease. Although Pestalotiopsis sp. infects banana and coconut, this is the
first report documenting Pestalotiopsis sp. infecting mangroves in The Bahamas.

Pestalotiopsis DNA Sequencing
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•

Based on our ITS sequencing results, we have 2-3 clusters of Pestalotiopsis
(Figure 10).

•

Beta-tubulin and elongation factor sequence results corroborate 2-3 clusters of
Pestalotiopsis as well.

Known Samples
PAD1
PAD2
PCLAVI1
PCLAVI2
PDIS1
PDIS2
PDIS3
PMICRO3
PMICRO6
PNEG6
PVIS6
PVIS7
SERID

Introduction
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). Here, we present a
case study from Abaco, The Bahamas in which dwarf Red Mangroves
(Rhizophora mangle) are dying. Preliminary surveys demonstrated a plant
pathogen could be an important factor in the die-off. However, little work has
been completed on pathogens infecting mangroves and the role they may play in
die-offs.
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Figure 10: Neighbor –joining tree of ITS sequences from isolates of Pestalotiopsis isolated from red mangrove.
Those outlined in green are samples from The Bahamas. Known species are listed in the above table and were
based on species used by Maharachchikumbura et al. (2011). Analysis was completed in R v. 3.4.1. Numbers at
nodes refer to bootstrapping values.
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Figure 1: Dwarf mangrove die-off in the Marls on Abaco, The Bahamas. 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).

Frequency of Genera Isolated

Figure 4: A) Disease survey map based on citizen science surveys. The warmer the color (pale yellow-red) represents
how many leaves with lesions were documented. Pale yellow=1 lesion and Red= >50 lesions. B) Locations of disease
incidence transects performed by experts. All sites consisted of dwarf red mangrove swamps. CA= Camp Abaco, HC=
Hills Creek, Marls= die-off site, SC= Snake Cay, TB= Twisted Bridge.
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Koch’s Postulate Trials

• Initial Koch’s postulate trials demonstrated successful infection (lesion
development) from inoculations with Pestalotiopsis conidia (Figure 3).
• Several isolates (n=8) have been tested, however, trials are ongoing with more
isolates (Table 2)
SC

HC

CA
Site

TB

Marls

Figure 5: A) Example of fungi isolated from mangrove leaves. Pestalotiopsis was the most commonly isolated (n=25). B) Mean
percent disease incidence at five sites across Abaco, including the die-off site. Error bars are standard deviations.

•We found disease present across Abaco. Specifically, disease incidence varied from 0 to 97% across 5
different sites (Figure 4,5 ).
•Pestalotiopsis sp were the most common fungi found from isolations (Figure 4).

Objectives
1. Identify the plant pathogen infecting Red Mangrove leaves on Abaco Island,
The Bahamas.

• Pestalotiopsis cultures were grown on PDA and produced white aerial hyphae with black fruiting
structures (Figure 7).
• All conidia contained 3 central cells that ranged from concolorus to versicolorous independent of
number of appendages (Figure 8, Table 1).
• Pestalotiopsis isolates were also able to grow on PDA at salinities comparable to seawater (~35ppt)
(Figure 8).
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Figure 7: A) Disease cycle of Pestalotiopsis species. From Maharachchikumbura et al. (2011). B) Pestalotiopsis culture with
pycnidia on PDA.
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•We used citizen surveys to determine the presence of this pathogen across
Abaco (Figure 4) that informed where to focus more extensive disease
incidence surveys. We collected >100 infected leaves to determine pathogen
identity using morphological identification in addition to DNA sequencing. We
used internal transcribed spacer, elongation factor 1-alpha, and beta-tubulin
genes for sequencing.
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Public Engagement

Figure 11: Bahamian High School students practicing isolation techniques. Photo credit: Amy Heemsoth, Khaled
bin Sultan Living Oceans Foundation.

Figure 8: A) Pestalotiopsis conidia with 2 appendages from
lab grown culture. B) Pestalotiopsis conidia with 3
appendages from lab grown culture.
Mean length
Range in length
Mean appendage
length

2 Appendages
19.5 uM
13.1-29.6 uM

3 Appendages
19.6 uM
14.7-27.6 uM

10.7uM

11.8uM

Table 1: Conidia measurements
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•Initial trials demonstrated successful infection (lesion development) from
inoculations (Figure 5).

HCCOC

Summary:
• A plant pathogen is present in red mangroves on
Abaco Island, The Bahamas.
• Pestalotiopsis sp. were most commonly isolated
and have resulted in successful infection during
Koch’s postulate trials.
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Methods

•We are currently working with cultured Pestalotiopsis species from infected
leaves and Koch’s postulate trials are ongoing.

NR2

Lesion
Development?
No

• We developed curriculum for high school students from Abaco to learn isolation
techniques in collaboration with Khaled bin Sultan Living Oceans Foundation
(KSLF) and FRIENDS of the Environment.
• We are currently working with KSLF to expand lesson plans and sampling to
Jamaica.

2. Increase awareness of plant disease and mangrove die-offs as well as
educating local high school students about mangroves and reasons for mangrove
die-off.

Figure 3: Lesions that developed after inoculation with Pestalotiopsis conidia.

Isolate

B4T1B
Yes
Table 2: Koch’s postulate trial
results from 8 tested isolates.

Pestalotiopsis Morphology

Figure 2: Lesions on R. mangle leaves.

Sci. Name
P.adusta
P.adusta
P. clavispora
P. clavispora
P.disseminata
P.disseminata
P.disseminata
P.microspora
P.microspora
P.neglecta
P.vismiae
P.vismiae
Seridium sp

Control

Low
Salt Treatment

High

Figure 9: Preliminary results from Pestalotiopsis growth
trials with two isolates (CR4 and IR1) on salt -amended
media. Treatments were control=0ppt, low=leaf interstitial
fluid, and high=~35ppt salinities.
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