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Black Gill Infection Rate (%)

Does Black Gill Kill Shrimp?
A Fishery In Decline
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aﬂ\s Causing BG in Georgia Shrimp?
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18S rRNA Gene Sequence-Based Identification

gil46948235|gbJAY541687.1| Entodiscus borealis small subunit ribosomal RNA gene partial sequence -
gi[496754|emb|222881.1|U.marinum small subunit rRNA (partial)
0i[21435750|gbJAY103191.1| Paranophrys magna 16S small subunit ribosomal RNA gene partial sequence
0i|28974304|gb|AY212807.1| Parauronema longum 16S small subunit ibosomal RNA gene partial sequence
gil46948233|gb|AY54 1685.1| Plagiopyliella pacifica small subunit ribosomal RNA gene partial sequence
gi|496560|emb|Z22878.1| C.verminus small subunit rRNA (partial)
0i[32402374|gb|AY314803.1| Metanophrys similis small subunit ribosomal RNA gene complete sequence
gil496650|emb|Z22880.1| P.marinus small subunit rRNA (partial) L —~ . . .
§il1236987]gbJU51554.1]AHU51554 Anophyroi 185 RNA gene complete seq JCUtICOCI I Iatla
0i|27127247|gb|AF527756.1| Schizocaryum dogieli 18S ribosomal RNA gene partial sequence
'Y550080.1| Mi is avidus 185 RNA gene partial sequence
1001 gil49615777|gb|AY642280.1| Miamiensis avidus small subunit ibosomal RNA gene complete sequence
0i|21435737|gbjAY103188.1| Pleuronema coronatum 16S-like small subunit ribosomal RNA gene | tial secuence
gil 22879.1] C.glaucoma small subunit rRNA (partial)
0i|496877|emb|Z29517.1| C porcatum DNA for small subunit ribosomal RNA
lgb|AYB81632.1| Cardi 168 rit RNA gene partial sequence
gi[28974302|gb|AY212805.1| Dexitrichides pangi 16S small subunit ribosomal RNA gene partial sequence - . .
gil7839502|gbJAF255357.1| Urocentrum turbo small subunit ribosomal RNA gene partial sequence—=—--—=——-= Pe Nnicu I I1a
gil187763170|gb|EU503534 1| i pitelkae 18S RNA gene partial se:ience
gi|187763171|gb|EU503535.1] Gymnodinioides sp. JCC-2008 18S ribosomal RNA gene partiai - aquei e
gil187763175|gb|EU503539.1| pyrophrya pelagica 18S RNA geii @ parfial conuen

.
gi[187763174|gb|EU503538.1| Hyalophysa hwoffi strain HpL-1 18S ribosomal F1{A gene | -rtial sequence o A p O Sto | | I a t | a

gi|187763173|gb]|EU503537 .1| Hyalophysa chattoni strain HpC-2 18S ril asoma | RNA gene partial sequence
Georgia Black Gill Ciliate

gil187763172|gb|EUS03536.1] Hyalophysa chattoni strali np -1 105 ribosor 1l RNA gene partial sequence

Qil47498272|gb|AY547546.1| Anoplophrya marylandensis small subunit ribosor 4l RNA g e conj lete sequence

gil6561132|gbJAF100314.1|AF100314 Parameciuii bursa'ia 18S ribosomal RNA gene partial sequence

gil 3772.1| jia small-subi/ it rRNA gene . .

3

gil4090658]gb|U97 110.1|FVUS7110 Frontonia vernalis 13S ribosoma ! RNA gene partial sequence P e n I C u I a

gi[7839503|gb|AF 255358.1| Lembadion bullinum small subuni tioosomal RNA gene partial sequence

gi|840855|emb|X71140.1| P teres gene for small subunit 16S-like ('hosomal RNA

0il4730938|gb|AF060453.1] Bre« “laua yvorax sniall subunit ibosomal RNA gene complete sequence

0i|156623|gb|M97908.1|CLP16S | RNA Colpoda infiata small subunit ril RNA gene C I d
0il4730939|gb]AF060454.1| Platyopliy - vora, small - ubunit ribosomal RNA gene complete sequence 0 p O e a

4il5861

100

gil15487687|gb|AF300285'1| Sorogena ste anovitchae clone 1 18S small subunit ribosomal RNA gene partial sequence
gi[2182270|gb|U17354.1|IMU | .54 Ichthyophti: ius multifilis 18S ribosomal RNA gene complete sequence
gif2182271|gbJU17355.1|OCU17 445 Ophryoglena catenula 18S ribosomal RNA gene complete sequence
gil161838jgb|M10532.1| ETRSA T thermophila 17S rRNA gene complete cds

gi|10931 amb]> ©6532.1| C campylum small subunit ibosomal RNA gene H y m e n O Sto m a t I a

871 0|2 1850876|cnbJAJ511861.1| Glaucoma scintillans partial 18S rRNA gene strain GlaSci01
——— gi|1%1 49443|gb|AF 401521 1| Vagini y small subunit RNA gene complete sequence
gi|13384084|gb|AF335513.1|AF335513 Epistylis hentscheli small subunit ribosomal RNA gene complete sequence
— gi[32478847|gbJAY319769.1| Zoothamnopsis sinica small subunit ribosomal RNA gene partial sequence

gil108: 31.1]0. i small subunit RNA gene P H t : h H
gi|15149444|gb|AF401522.1| C; it small subunit ril RNA gene complete sequence e r I rl C I a

gi|15148445|gb|AF401523.1| Zoothamnium arbuscula small subunit ribosomal RNA gene complete sequence
0i|15149448|gb|AF401526.1| Ophrydium versatile small subunit ribosomal RNA gene complete sequence
gi|13384089|gbJAF335518.1JAF335518 Vorticella campanula small subunit ribosomal RNA gene complete sequence

51

~ 99.6% similarity to the apostome ciliate H. chattoni



e Still Don’t Know the Ciliate

Genetic analysis su, g=stit is Georgia Black Gill Ciliate

a common ciliate (Apostome) .
identified as a harmless ciliate It does NOT look like

associated with crustaceans. H. chattoni
Hyalophysa chattoni




Theoretical Life History of an Apostomate Ciliate

TOMONTYT

\ ‘__/

TOMIT)

DIVISION

Apostomes have an encysted phoretic stage (the phoront) and at
molting change to a structurally different feeding stage, the trophont.
The trophont feeds on exuvial fluid in the molted exoskeleton and

encysts into the tomont stage and then forms swimming tomite that
searches out a new host.
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BG Infect Rate by Sound System and Month, 1996-2013
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% Black Gill Infection
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Seasonal Occurrence and Detection of Black Gill
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Watch the Full Video: YouTube : xJQkORTHuUVE



Tissue Invasion
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small brow:ﬁ hrimp with BG; lo
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Not Harmful to Humans!
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Weekly Mortality (%)

Mortality
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Secondary Effects

Mean Time to Exhaustion

Control Black Gill

4.30 hours 2.75 hours




Solutions

The ability to predict in the short-term the severity
of BG outbreaks will improve the abili.y of individual
shrimpers to manage their efforts

Understanding the life cycle. transmission pathways
& reservoirs of the black gil ciliate may create
opportunities for mitigation
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IRIMP BLACK GILL IN GEORGIA ™

aused by the same ciliate.
" Presen YEN : ry (absent March & April)
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pathogenic and mf us in shrlmp, BUT NOT —
FOR HUMANS.

=  Significant mortality i g
= Likely increased s&@{i

BG season.

=\ "Molecular diggndsticsavailable.
= Enwronmegtal triggers.unclear.
= |tis probably not alone.

gust associated with BG.
ary mortality in other parts of

Georgla Sbrimp Assodakion
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Marc Frischer — Microbial Ecology
Biogeochemical Processes & Nutrient Cycling

Trophic & Parasitic Interactions

Parasitic Interactions
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Geogfs Fisheries

Food Shrimp
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2004, ~$10 million Commercial Trawling Licenses
2014 ~$5.5 million 1980 ~ 1,400
2004 ~ 350

2014 ~ 250



Morbidity — Leading to Secondary Mortality?

Endurance Trials — Shrimp on a Treadmill

Courtesy of Burnett lab






3hr 18min - Getting Tired



4h 50 min - Exhausted



The Shrimp Gill “Parasitome”

White Shrimp M656 White Shrimp WS49G
August 2014 May 2014
Black Gill Clean

Hyalophysa sp. Hydrozoa

Other ciliates
(including Hyalophysa),
fungi & micro-eukaryotes




The Shrimp Gill “Parasitome”

Group # Unique Groups # Sequences Most Common Replicates
Potential Microparasites
Ciliaphora 38 176315 halenhysa sp.
Zouvtnanmnium sp.
Fungi 64 2051 Mlalassezia sp.
Capnodales
Apicomplexa 8 21 Cardisporidium
Cercozoa P t . IVI t R .
Retaria g q
Choanomonada p 1
Dinoflagellata Proact clence
Euglenozoa Petalomonas
MAST 4 21 MAST-3)
Animalia
Plathelminthes 6 90587 Digenea
Annelida 5 54 Unidentified
Nematoda 3 3 Phanodermatidae
Trichuridae
Tripylidae

195 Distinct Groups of Potential Shrimp Parasites Detected in 13 Specimens
(March — December 2014)

# Sequences

114640
54990
608
607



Weekly % Mortality

Mortality
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\\\What is Causing BG in Georgia Shrimp?




Theoretical Life History of an Apostomate Ciliate
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Based on this iD we expect it to:

« NOT BE HARMFUL TO SHRIMP
* Be infectious through the water column.
* Be common in a wide range of other crustacean species.



e Still Don’t Know the Ciliate

Genetic analysis su, g=stit is Georgia Black Gill Ciliate

a common ciliate (Apostome) .
identified as a harmless ciliate It does NOT look like

associated with crustaceans. H. chattoni
Hyalophysa chattoni




ET = 7.00 kV Signal A = SE1 Date :16 Oct 2014
WD =12.0 mm Photo No. = 7739 Time :12:17:10

Photo By: S. Landers, Troy University
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Shrimp Black Gill Transmission Studies 2013 - 2014
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A surprising result, we expected

x BG to be more infectious — But
0=0,028 Problems withi'these experiments.
We need. better control animals.

Direct Indirect (Dead) Indirect (Live)

Treatment

Synthesis of all Transmission experiments.
Data normalized relative to experimental control treatment





