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Infectious Disease & Biodiversity

Blue: known pathogens
Red: unknown pathogens

Infectious diseases — rapid
population decline — altered
species interactions &
imbalances in the ecosystem
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Bd & Chytridiomycosis

Chytridiomycosis: the Most Ecologically Detrimental Amphibian Disease on Earth




How it Infects

e First transmitted in form of aquatic, motile LR iagore 1% O S 5rtaiey <2 weeks g
zoospores — penetrate into keratin layer N e QAN /#X:
of amphibians’ skin s - ’(i' N
e Immotile phase of their life cycle: » |
Zoosporangia ) N sporecs"e'il‘éife
i y 4 through skin
o canrelease up to thousands of ‘: zoos:,gzgi r‘ \
zoospores within 2 days ' 23°C
swimiin water, Criticaltemp.

penetrate skin &
form zoosporangium

e Triggers osmoticimbalancesin juvenile

Alison Burke, Johns Hopkins School of Medical [llustration
and adult frogs & the National Aquarium



About the Pathogen

Spread within Ecosystems

Bd does not occur in all suitable
amphibian populations due to different
biotic and abiotic factors in the system

STRUCTURAL EQUATION MODEL OF FACTORS CORRELATING WITH BD INCIDENCE

Full Model

Physiochemical
Dissimilarity

Nested Model

Chi Square Difference Test p = 0.4624

p=0.024
0.520

Physiochemical
Dissimilarity

on O ° Amphibian Macroinvertebrate | Amphibian Macroinvertebrate
e Invertebrate composition has a direct " N R
influence on Bd incidence of peomt/
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Figure 4. Structural equation modeling of factors correlating with Bd incidence. Structural equation modeling reveals that the correlation
between physiochemical dissimilarity and Bd incidence is an indirect effect, mediated by macroinvertebrate community dissimilarity;
macro i shares the only significant direct correlation with Bd incidence. Direct links are represented as solid
lines and indirect links are represented as dashed lines. Significance of each correlation is reported as a p value, and significant links are emphasized
in bold. Only significant links from the saturated model (A) were used to build the final, nested model (B). Standardized effect sizes for each link and a
test of model fit are included (in italics) for the final model.
doi:10.1371/journal.pone 0076035.g004

indirect effect on Bd incidence

Strauss & Smith, 2013



Alternative
Hypothesis

Invertebrates will influence
the abundance of Bd within a
closed environment.




Invertebrates Tested

Table 1. SIMPER analysis of macroinvertebrate
communities in Bd and non-Bd ponds.

Macroinvertebrate
Taxa Cumulative Contribution More Abundant In:

Chironomid sp. 9.028 Bd ponds

Physa gyrina 16.96 non-Bd ponds
Hesperocorixa spp. 2423 Bd ponds
Chaoborus sp. 30.88 Bd ponds
Libellula semifasciata  34.87 Bd ponds

Pachydiplax 387 non-Bd ponds
longipennis

Notonecta (juvenile) 423 Bd ponds
Buenoa spp. 45.51 Bd ponds
Dineutus sp. 4852 Bd ponds

Callibaetes sp. 51.03 Bd ponds

Over 50% of the difference in macroinvertebrate communities between Bd and
non-Bd ponds was explained by the abundances of 10 of the 68 total
invertebrate taxa (listed in order of decreasing relative contribution).
doi:10.1371/journal.pone.0076035.t00 1

Strauss & Smith, 2013

Hydrachnidae

Chiro

midae Chironomus



Data Collection &
Experimental Design



Collecting
Invertebrates

Macros collected from Bd-free ponds with
nets, scraped off sides & in leaf litter




e Buckets searched for Chironomidae
Chironomus, Callibaetis ferrugineus, Ferrissia
fragilis, Cyclopoid Copepod, Coleoptera
Dytiscidae, Hydrachnidae

e Animalssorted:
o Midges of same color & instar
o Mayflies of same genus & size
o Freshwater limpets identified in leaf litter
o Copepods, diving beetle larvae, water
mites found in pond sample



Invertebrate & Bd Preparation

e Each macroinvertebrate was isolated
and fasted for 24 hours in 100 mL of
spring water

e |Initial zoospore concentrationina
culture was measured & diluted to a
concentration of 1000 zoospores/mL
using hemocytometer

e Remained in zoospore-spiked water
for 18 hours before water collection




Remaining Bd DNA in each sample was
extracted using chemical reagents & physical
bead-beating

Nanodrop used to equalize DNA concentrations

Primer Sequences: ITS1-3 Chytr, 5.85 Chytr, and
ChytrMGB2

gPCR used to quantify relative abundance of Bd
DNA in the samples
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qPCR Results

RFU

Amplification
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Log Starting Quantity
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—— FAM  E=91.7% R*2=0.996 Slope=-3.537 y-int=38.273
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Control Ferrissia fragilis Chironomidae Calli baetis Cyd opoid Dytiscidae Hydrachnidae
chironom us ferrugineus Copepod Beetle Larvae Water Mite

Treatment




Primary Results

600

500

e Zoospore count between
e Two-Tailed T-Test
e Control 84 = outlier

o Removed from data

400

300

200

Relative Zoospore Equivalents

e a=0.05, p-value below 0.05 T | - -
o Accept the Alternative 0 4
Control Ferrissia fragilis Chironomidae Callibaetis Cycl opoid Dytiscidae Hydrachnidae
H y p Ot h e S i S chironomus ferrugineus Copepod Beetle Larvae Water Mite

Treatment




Controls

e Number of controls based on number of
animals collected

e Theseinvertebrates werenot infected
with Bd
o Confirmed to have no Bd
contamination

e Levelsof zoospore DNA compared
between the experimental cups (with
Bd) and control (NO Bd)




Cyclopoid Copepod Results

=

e Lower zoospore expression than control
o Cyclopoid Copepods: 38.16 + 9.34;
o Control: 71.29+11.07

500
400
300

e P-value of ~0.046 - statistically significant

200

Relative Zoospore Equivalents

e Subjects 51 and 53 were removed
o Conservative in data analysis 1o [

0
Cyclopoid Copepods reduce the presence of Bd. Control c;gzgg:




Summary: Cyclopoid Copepod

e Significantly decrease Bd presence -.
hypothesis accepted

e Could be consuming Bd zoospores
o Diet consists of detritus,
cyanobacteria, and protists

U.S. Geological Survey



Ferrissia fragilis Results

e Higher zoospore expression than control
o F.fragilis: 382.41 + 138.40
o Control: 71.29 £ 11.07

e P-value: 0.049 - statistically significant
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Ferrissia Fragilis increases the abundance of Bd.

Ferrissia
fragilis




Large error bars indicate high
variability within sample

Limpet mucus may have inhibited gPCR
results, but the samples were rerun

Further research recommended to
explore mechanisms

Mikhail O. Son, 2007
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_Summary: Chironomidae chironomus .

e P-value: 0.603 - statistically insignificant

e Did not impact Bd abundance
o 2023 GSNJS study large variation in
Chironomidae chironomus

e Chironomidae chironomus possible
reservoirs or alternate hosts

B. Schoenmakers



N : ) :
= ii.; | kC Callibaetis ferrugineus Results

g

e Increased zoospore expression
o C.Ferrugineus: 236.14 £ 89.67
o Control: 71.29+£11.07

F=1
8

e P-value: ~0.087
o 0.05<p<0.1
o marginally significant
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Callibaetis Ferrugineus could influence the abundance of Bd.

Control Cdllibaetis
Ferrugineus




Increased Bd presence compared to
control

e P-value: 0.087 - marginally significant
o «~ Null hypothesis neither accepted
nor rejected
m Largevariancein zoospore
expression — higher p-value

Rick Hafele



Summary: Statistically Insignificant
Invertebrates

e P-values>0.10
o 0.901 - Coleoptera Dytiscidae
(diving beetle)
o 0.729 - Hydrachnidae
(water mites)

NC State University

e Nosignificant effect on Bd
presence .. do not warrant future
research

University of Guelph



Limitations

Some invertebrates did not survive
o Relatively small sample sizes

8.3 Callibaetis Ferrugineus Nymph
12.8 Callibaetis Ferrugineus Nymph
10.2 Callibaetis Ferrugineus Nymph

1.3 Callibaetis Ferrugineus Nymph
10 Callibaetis Ferrugineus Nymph
12 Callibaetis Ferrugineus Nymph

8 Callibaetis Ferrugineus Nymph
7.5 Callibaetis Ferrugineus _
13 Callibaetis Ferrugineus Nymph
6.8 Callibaetis Ferrugineus Nymph
12.6 Callibaetis Ferrugineus Nymph
8.4 Callibaetis Ferrugineus Nymph




Suggests some invertebrates interact
with Bd
Further research with mayflies and
midges
Need to determine how/why

o Rednile

o Fluorescent dye
Interactions in Natural Environments
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