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ABSTRACT
Black gill is a disease that occurs in commercial shrimps along the Atlantic Coast
of the United States. Caused by a parasitic ciliate that lives under the gills of shrimp, it
has been observed in South Carolina between August and October, a period which
overlaps with the state offshore shrimping season in Georgia (potentially May 15December 31; possibly extended into January or February). The infection does not cause
shrimp mortality directly; however, it impairs respiration and reduces the energy output
of shrimp. This makes shrimp more vulnerable to predation and environmental conditions
such as extreme temperature fluctuations. Still, shrimpers have reported catching dead
shrimp. Consuming a parasitized shrimp has not been proven to affect humans, but the
black discoloration caused by the parasite may make the shrimp product less marketable
if consumers are not accustomed to seeing discolored shrimp. Shrimp fishers may choose
to take the heads off of the shrimp in a process known as “heading” before selling to
markets or sell the shrimp as is. Heading represents more effort on the part of shrimp
fishers, whereas selling shrimp as is leaves the task to retailers. This extra effort may
affect overall cost for the shrimper or the final market pathway to sell their catch. The
objective of this study was to determine the prevalence of black gill in Georgia shrimp
over the course of the state offshore commercial shrimping season, and to assess whether
the presence of the disease was a factor that impacted the marketability of shrimp and had
socioeconomic consequences for shrimpers. The socioeconomic effect of black gill on
commercial food shrimp trawlers in Georgia was explored using two chapters. In the first
chapter, the infection rate of black gill in Georgia shrimp trawling areas were observed
using the Georgia Department of Natural Resources (GADNR) data and observations of
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surveyed Georgia commercial shrimp trawlers. In the second chapter, Georgia
commercial shrimp trawlers were surveyed for their perceptions and behavior related to
their experiences with black gill. The outcomes of this study evaluate the socioeconomic
impacts that black gill disease has on shrimpers.
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CHAPTER 1
Observations of black gill infections in shrimp as reported by the Georgia Department of
Natural Resources and Georgia commercial shrimpers
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ABSTRACT
Black gill is a disease that occurs in commercial shrimps along the Atlantic Coast
of the United States. Caused by a parasitic ciliate that lives under the gills of shrimp, it
has been observed in South Carolina between August and October, a period which
overlaps with the state offshore shrimping season in Georgia (potentially May 15December 31; possibly extended into January or February). The black gill infection does
not cause shrimp mortality directly; however, it impairs respiration and reduces the
energy output of shrimp. This makes shrimp more vulnerable to predation and
environmental conditions such as extreme temperature fluctuations. Black gill infections
have been monitored monthly by the Georgia Department of Natural Resources
(GADNR) through their Ecological Monitoring Trawl Survey (EMTS) since 1996.
Though several attempts have been made to incorporate shrimper observations of black
gill infections in Georgia, the input of all shrimpers have not been explored. The
objective of this study was to determine the prevalence of black gill in Georgia shrimp
over the course of the state offshore commercial shrimping season. In this study, the
occurrence of black gill infections in Georgia commercial food shrimp trawling areas
were assessed using the GADNR-EMTS data collected monthly from 1996-2014 and
observations of Georgia commercial shrimp trawlers. The expected outcome of this study
was a comparison of the observations of black gill infections made by the GADNR and
Georgia shrimpers with regards to month, year, location, shrimp species, and shrimp size.
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INTRODUCTION
White shrimp Penaeus setiferus (now called Litopenaeus setiferus), brown shrimp
Penaeus aztecus (now called Farfantepenaeus aztecus), and pink shrimp Penaeus
duorarum (now called Farfantepenaeus duorarum) are shrimp species of commercial
importance on the eastern coast of the United States (Farfante 1969). White and brown
shrimp are abundant seasonally in the southeastern estuaries of the U.S. (Kneib 1984).
Shrimp are spawned in the open ocean and migrate towards estuaries, all during which
they are reaching various life stages. When shrimp migrate from estuaries, they are nearly
adults, and are prepared to spawn once they reach the open ocean (GADNR 2008). The
life cycle of each shrimp species varies seasonally. White shrimp are spawned during the
spring (Delancey et al. 2005) and reach the adult stage by the fall. Brown shrimp are
spawned in the fall, reach the juvenile stage in the winter, and are adults by the summer
(Williams 1955). Pink shrimp off of eastern Florida have been observed as spawning
primarily during the late spring and summer (Kennedy and Barber 1981).
The shrimp infection, commonly referred to as “black gill,” is a disease that may
have contributed to the loss in shrimp landings in the southeastern United States
(PRAISE 2002; SCDNR 2012; Jackson, pers. observation). Disease is second to
predation and episodic physical catastrophes in its negative impact on the abundance of
feral penaeid shrimps (Sinderman 1990; Couch 1978). Another common name of the
black gill infection is “burned gills” (Lightner 1993). As the name implies, the physical
characteristic of this disease is a black discoloration under the gill of the shrimp.
However, any injury to the gill region of crustaceans may cause cell necrosis and an
associated blackened appearance at the gill (Couch 1978). The presence of a black gill is
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a common symptom of many diseases in decapod crustaceans that appear in wild and
cultured marine and freshwater systems (Lightner 1993); including crabs (Bradbury
1966; Comely and Ansell 1989), lobsters (Young and Pearce 1975; Maharajan et al.
2012), and shrimps (Cook and Lofton 1973; Rinaldo and Yevich 1974; Couch 1978).
There are various causes of black gill in nature, which include protozoan infestation,
fungal infection, and exposure to heavy metals such as cadmium (Couch 1978).
Along the Atlantic Coast of the U.S., the black gill disease in commercial shrimps
is caused by a single celled organism, an apostome (SCDNR 2012). The apostome is a
ciliate under the order Apostomatida and the family Foettingeriidae, but the genus of this
species is unknown (Couch 1978). Recently, this infection has been identified as
“Shrimp Black Gill” to distinguish this form of black gill from the black gill infections
that occur in other crustaceans (Frischer, personal communication). The term “black gill”
from this point onward refers to the disease caused by the apostome ciliate.
The life cycle of the apostome ciliate is dependent on the molting cycle of its
crustacean host (Trager 1957). The ciliates have been observed as ellipsoidal structures
that ranged from 20.7-41.4 μm wide and 27.6-60.0 μm long in pink shrimp Penaeus
duorarum (Bradbury 1974; Couch 1978). Grass shrimp Palaemonetes pugio in the
Pamlico Sound and Cape Fear estuaries of North Carolina have been observed carrying at
least 100 Hyalophysa chattoni parasites on their cuticle (Rivaud and Berger 1988).
Bradbury (1966) observed the apostomatous ciliate Hyalophysa chattoni under gills of
the crab Pagurus hirsutiusculus as a dormant phoront. When the crab molted, the
apostome exited the cyst and entered the trophic stage (trophont) and consumed the
exuvial fluids of the excised crab exoskeleton (Bradbury 1966). After feeding, these
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exuviotrophs settle onto a substrate and become encysted (Landers 2004). Immature
phoronts may require more than an hour to excyst, while mature phoronts require 5-15
minutes (Ohtsuka et al. 2004; Grimes and Bradbury 1992). An encysted apostome
consumed by grazers or deposit feeding crustaceans may not become infected if the
parasite is excreted before reaching the feeding (trophont) stage. Ohtsuka et al. (2004)
observed apostome ciliates as trophonts (feeding stage) in the guts and fecal pellets of an
non-crustacean host chaetognaths, meaning that apostome ciliates can be consumed and
excreted in some organisms. The effect of this parasite on the chaetognath was not
known. Following excystation, the parasite divides and the resulting tomites migrate to a
new crustacean host (Landers 2004). The trophont form of the parasite can then enter
their crustacean host through a host injury or a crustacean predator could become infected
by consuming another crustacean that is infected with the ciliate (Ohtsuka et al. 2004).
The black gill infection has been observed as a temporary condition in crabs (Trager
1957; Bradbury 1966), shrimps (Browning and Landers 2012; Landers et al. 1996; Couch
1978), and crayfish (Browning and Landers 2012) that lasted only until the crustacean
host molted. In Georgia, the black gill infection in penaeid shrimp has been observed as
caused by an apostome ciliate Hyalophysa sp. or a phyllopharyngea ciliate (Lee et al.
2014). If the gill tissue of the shrimp fully encapsulates the parasite, then the shrimp does
not become infected (Frischer 2015). However, if the parasite is not encapsulated, then
the gill cells of the shrimp die, and become black or brownish. Thus, the shrimp will have
“black gill” (Frischer 2015). The highest infestation rates of the parasite have been
observed during warm to moderately cool weather and when shrimp were in crowded
conditions (Couch 1978).
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Shrimp mortality is not caused directly by black gill; however, it does impair
respiration in shrimp (SCDNR 2012; Couch 1978). When shrimp experience low levels
of oxygen, shrimp undergo anaerobic respiration (as opposed to aerobic respiration)
which is signified by an increase in hemolymph glucose and lactate levels (Racotta et al.
2002). Additionally, the amount of dietary copper in the hepatopancreas decreases, which
impacts the transport of oxygen throughout the body by proteins during the process of
hemocyanin synthesis. Reduced dietary copper indicates a utilization of stored copper
within the shrimp (Racotta et al. 2002). Impaired respiration consequently reduces the
energy output of shrimp. Reduced energy output makes shrimp more vulnerable to
predation and environmental conditions such as extreme temperature fluctuations
(SCDNR 2012; Lafferty and Kuris 1999). Levels of low oxygen in shrimp can also
impact shrimp growth, body weight, oxygen consumption, and the stages at which shrimp
molt (Re and Díaz 2011). Black gill infections have also been observed as contagious
among shrimp. When the heads of shrimp with black gill were exposed to shrimp without
the infection, uninfected shrimp contracted the infection (Lee et al. 2014).
The Georgia Department of Natural Resources (GADNR) is the state agency that
regulates fishing in Georgia and manages the natural resources, including shrimp. This
agency regulates authorized food shrimp trawling from the Georgia sound barrier to 3
miles offshore. Beyond this area to 200 miles offshore is the Economic Exclusive Zone
where shrimping is regulated by the South Atlantic Fishery Management Council
(SAFMC) (Figure 1). Shrimping in this area is open unless the state requests for the
adjacent federal waters to be closed. The GADNR has conducted an Ecological
Monitoring Trawl Survey (EMTS) monthly in Georgia estuaries since 1976. EMTSs are
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used to monitor several commercial species and gather data to determine the state
offshore shrimping period for the state of Georgia. A Shrimp Advisory Panel under
GADNR consults various shrimpers (bait, food, cast-netters, trawlers, commercial, and
recreational) before officially closing the shrimping season. During these meetings,
shrimpers discuss the number of shrimp they caught for that month from various coastal
Georgia areas (Jackson, personal observation). The EMTS has also been used to monitor
the black gill disease in shrimp since 1996.
Commercial food shrimp trawling in Georgia is permanently closed by law March
1st-May 14th (GADNR 2014), the period during which white shrimp spawn (Delancey et
al. 2005). Depending on environmental, biological, economic, and social criteria, the
shrimping season may be open in state offshore waters May 15th-December 31st if during
the EMTS it is observed that shrimp counts are 45 or less per pound with heads on. The
shrimping season maybe extended into January and February if the shrimp count is 50 or
less per pound heads on (GADNR 2014). This increases the standard 7 month season to 9
months. However, black gill disease appears in the fall and overlaps with the state
offshore shrimping season (GADNR 2008). If the black gill syndrome appears in midAugust and decreases in October, food shrimp trawlers have approximately 4.5 out of 7
months within the standard shrimping season to catch shrimp without black gill in state
offshore waters. In 2013, Georgia’s food shrimp season for commercial and recreational
harvesting was opened in June instead of May because water temperatures were cooler
than normal. This temperature difference slightly delayed the shrimp spawning period
(DeLancey et al. 2005; GADNR 2013a). In South Carolina, DeLancey et al. (2005)
observed that mild water temperatures in the winter (~11.3-12.5°C) resulted in higher
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white shrimp landings in the spring (380.5 x 103 kg-397.7 x 103 kg). Cooler water
temperatures during the winter (6.8-8.4°C) resulted in lower shrimp landings in the
spring (0.5 x 103 kg-0.9 x 103 kg) due to poor survival of the shrimp in colder waters
(DeLancey et al. 2005). In 2013, the delay in the shrimping season reduced the amount
of time shrimpers were able to catch shrimp without black gill in state offshore waters
since the shrimping season ended on December 31 (GADNR 2013b).
Shrimp trawlers are catching the white, brown, and pink shrimp species during
various times of the shrimping season in accordance with the shrimp life cycle. During
the summer, shrimpers are catching subadult white shrimp that are migrating from
estuaries and heading out to the open ocean. When shrimpers trawl in the open ocean
during the summer, they are catching adult brown shrimp and pink shrimp (Williams
1955; Kennedy and Barber 1981). During the fall season, shrimpers primarily are
catching adult white shrimp in the open ocean and brown shrimp that have spawned
(Williams 1955). Shrimping is closed during the spring when white shrimp have been
observed spawning (Delancey et al. 2005). Adult pink shrimp maybe found in the open
ocean during the late portion of this season as well (Kennedy and Barber 1981).
Seasonal restrictions are implemented to control the amount of effort that fishers
use to catch fish in an attempt to regulate their catch (Fulton et al. 2011). On occasion,
fishers may work around the management strategy in ways that are not anticipated by
resource managers (Fulton et al. 2011). Fishers may work harder to catch more fish
within that restricted season (Fulton et al. 2011), and there is no limit on the size, number,
or pounds of shrimp that maybe caught by a commercial food shrimp trawler during the
shrimping season (GADNR 2014). It is uncertain how the black gill infection impacts the
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actions of shrimpers as a result of the disease occurring during the shrimping season.
Because the black gill disease overlaps with the shrimping season, shrimpers may apply
even more effort to catch shrimp, which may lead to unexpected outcomes. In turn,
increased effort may increase bycatch. Bycatch is a major concern in the U.S. shrimp
fishery because shrimp trawls account for almost half of the fish discards off the U.S.
coast (46.9%) (Harrington et al. 2005). About 3.7 million tonnes of targeted fish landed
each year in the United States results in relatively 1.06 million tonnes of discarded fish
(Harrington et al. 2005). These discards are equivalent to 28% of the target landings
(Harrington et al. 2005). Some major fish groups that are landed as bycatch in the South
Atlantic shrimp fisheries are of economic importance to other commercial fisheries in the
U.S, which may cause disruptions in those fisheries. Instead of applying more effort
towards shrimping, shrimpers may apply less effort and find other occupations if they are
having difficulty with catching shrimp. Therefore, the behavior of fishers needs to be
investigated to better understand how they respond to black gill during the shrimping
season.
GADNR and researchers have made several attempts to incorporate the
knowledge of shrimpers in observing shrimp catch and understanding black gill
infections. The GADNR Shrimp Advisory Panel asks shrimpers of various types (bait,
food, cast-netters, trawlers, commercial, and recreational) about the number of shrimp
they caught in various areas that month before deciding the closing date for that
shrimping season. However, this consultation is restricted to only a couple of shrimpers
who are willing to cooperate with the regulating agency. Whether or not the shared
information represents input from the entire shrimping population is debatable. In
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September of 2014, the Georgia Department of Natural Resources (GADNR) and
University of Georgia Marine Extension Service (UGA-MAREX) implemented a pilot
study during which Georgia commercial food shrimp trawlers were called at random by
surveyors to pull a trynet and determine the prevalence of black gill in 30 shrimp. In
return, shrimpers received monetary reward. Researchers attempted to incorporate as
many shrimpers as possible, but were only capable of reaching shrimpers they knew. This
pilot study was a good effort at conserving the resources of scientists (i.e. time, money,
etc.) to observe black gill infections from simulated shrimping circumstances, but this
program was discontinued. An example of a successful collaboration between shrimpers
and scientists occurred when shrimpers asked researchers whether at-sea discarding of
the heads of shrimp with black gill encouraged the spread of the infection. Researchers
discovered that this action may encourage the spread of black gill.
Many sources have reported on the issue of black gill disease in and near Georgia
(McLeod 2013; Landers 2013; Hall 2013; Caldwell 2013; Rand 2014; Fakour 2010). In
South Carolina, 80-90% of the shrimp in creeks and oceans were infected with black gill
(PRAISE 2002). A part-time shrimper who owned a wholesale seafood market in
Georgia mentioned that shrimp landed near Skidaway Island were not infected with black
gill, but 40-50% of the shrimp caught near the Wilmington River and 100% of the shrimp
caught near Tybee Island were infected (Jackson, pers. observation). At another
wholesale seafood market, an employee mentioned that black gill was not infecting
shrimp as severely as the media indicated (Jackson, pers. observation). Researchers from
various institutions such as GADNR, the South Carolina DNR, Mercer University in
Macon, GA, the Skidaway Institute of Oceanography in Savannah, GA, and the College
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of Charleston in Charleston, SC are all working to learn more about this condition to
mitigate its biological impact. Independent shrimpers and those affiliated with the
Georgia Shrimp Association have also provided input.
Research has not been conducted on the socioeconomic impact of black gill
disease on shrimpers in Georgia. Objectives of this study were to use a mixed-methods
approach (1) to determine the prevalence of black gill in Georgia shrimp over the course
of the Georgia offshore commercial shrimping season and (2) to determine if the
presence of the disease had a socioeconomic effect on shrimpers. Fisheries-dependent
data (shrimper survey data) and fisheries-independent data (GADNR trawl data) were
used to test the hypothesis that the percentages of shrimp with black gill changed
throughout the season with distinct abundance peaks. The purpose of this study was to
determine whether black gill infections in shrimp varied by month, location, and species
as observed by the Georgia Department of Natural Resources and Georgia commercial
food shrimp trawlers.

Hypotheses
1. Ho: Black gill infections in shrimp did not vary by month.
Ha: Black gill infections in shrimp varied by month.
2. Ho: Black gill infections in shrimp did not vary by location.
Ha: Black gill infections in shrimp varied by location.
3. Ho: Black gill infections in shrimp did not vary by species.
Ha: Black gill infections in shrimp varied by species.
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MATERIALS AND METHODS
I.

Shrimp Trawling Survey

The proportion of shrimp infected with black gill from January 5, 1996December 15, 2014 was assessed using monthly data collected from the Ecological
Monitoring Trawl Survey (EMTS) conducted by the Georgia Department of Natural
Resources (GADNR). The fisheries independent data from the EMTS represented the
quantitative aspect of the mixed-methods approach. Stations at six different estuaries
(Wassaw, Ossabaw, Sapelo, St. Simons, St. Andrews, and Cumberland) along the
Georgia coast were surveyed. A 60 ft. vessel, Anna, was used to tow a 40 ft. trawl net for
a standard tow time of 15 minutes. The catch was sorted to species on a culling box on
the boat. The number of shrimp collected was recorded for each trawl. The length and
disease condition for up to 30 individuals per shrimp species were assessed as well.
During each trawl, the temperature, salinity, and dissolved oxygen of the surface water
were recorded. Data from 12 stations located in authorized Georgia commercial food
shrimp trawling areas (from the edge of the Georgia sound to three miles offshore) were
assessed and observed for this study (Table 1 and Figure 2). Shrimp were only classified
as being “infected” with black gill or “uninfected”. Shrimp that were considered
“uninfected” did not have visible black gill, though the shrimp may have had cotton
disease, gonad disease, or freeze mortality. 1 The EMTS data was not normally
distributed. Therefore, a nonparametric Analysis of Variance (ANOVA) was performed
in SAS© (SAS Institute, Cary NC) to determine whether the percentages of black gill
1

Cotton disease is an infection caused by a Microsporidian parasite that creates a white
discoloration at the muscle or viscera of infected shrimp. This infection kills shrimp
(Couch 1978). Gonad disease is an infection that occurs at the gonads of the shrimp.
Freeze mortality is the result of shrimp death by freezing.
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infections were statistically different between each month, location, and species. The
Tukey test was also used to perform a pairwise comparison to determine whether the
percentages of shrimp with black gill were statistically different among all of the months,
locations, and species observed. The coefficients of variation and the p-values for each
test were compared. If the results from the nonparametric ANOVA and Tukey test were
comparable, the p-value from the Tukey test was reported.

II.

Qualitative Methodology

Various methods can be used to collect information about groups of people. These
methods include face-to-face interviews, telephone interviews, and self-administered
questionnaires. Each method has advantages and disadvantages. According to Dillman
(1978), face-to-face interviewing is the most versatile method allowing researchers to
observe respondents’ reactions and modify the interview as needed to enhance their
comprehension of the question. Sample size and geographic location of the respondents
are major factors that determine the amount of time that is spent conducting face-to-face
interviews. If large samples of people are not within close proximity of each other,
substantial resources (i.e. time and money) may be required to reach participants.
Telephone interviews may closely be defined as a face-to-face interview by telephone
(Dillman 1978). This interviewing method is one of the fastest modes to reach more
people within a short amount of time (Dillman 1978). The success of this technique is
dependent on the ability of the respondent to comprehend and remember the question
being asked to provide a relevant answer (Dillman 1978). The researcher cannot rely on
physical cues of the respondent to determine whether the respondent understands the
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question (Dillman 1978). The benefit of both face-to-face and telephone interviews are
that respondents seldom end an interview once it has started (Dillman 1978).
Self-administered questionnaires can be administered to survey participants inperson, by mail or via email, which the respondent completes on their own. The use of a
self-administered questionnaire allows the respondent to be in control of the pace with
which they answer the questions (Dillman 1978). Self-administered questionnaires that
are mailed or emailed are ideal for reaching persons who are not accessible for extended
periods of time (Dillman 1978). However, the respondent must follow directions and
comprehend the question without the aid of an interviewer (Dillman 1978). Paper surveys
could be lost by the potential respondent or other persons handling the forms.
Various factors can influence the response rate of surveys. Feveile et al. (2007)
conducted a study to compare mailed questionnaires and telephone interviews for an
epidemiologic study. The questionnaire administered was 27 pages long and contained
257 items that included sensitive questions of health, behavior and self-assessment
(Feveile et al. 2007). The telephone interview, which had similar questions as the mailed
questionnaire, typically required 30-45 minutes to complete. The response rate for the
mailed questionnaire was similar to that of the telephone interview (p=0.26; 58.1% and
56.2%, respectively) (Feveile et al. 2007). Therefore, the length of either survey method
may not impact the response rate (Dillman 1978). However, the sponsor’s name and
affiliation being used to send the survey may influence the response rate (Dillman 1978).
The Texas Parks and Wildlife Department conducted a study on “the economic health of
the shrimp industry”, which involved collecting social and economic perspectives from
commercial shrimp fishers and dealers (Anderson and Ditton 2002). Mailed
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questionnaires were distributed to all licensed Texas shrimp fishermen (n=2,309
individuals) (Anderson and Ditton 2002). However, few shrimpers responded with usable
surveys potentially because of their lack of trust in government funded programs, which
resulted in a low response rate (19%) (Anderson and Ditton 2002). Displayed logos of
controversial affiliations (i.e. governmental) could also discourage the responsiveness of
people for conducting face-to-face interviews (Hoskins, pers. communication).

Shrimper Survey Pilot
Mailed questionnaire, face-to-face and telephone interviewing methods were
piloted prior to mailing the final shrimper survey. Demographic data on each pilot
respondent was recorded in Table 2. NVivo qualitative data analysis software (Version
10) was used to identify themes among the open-ended survey responses and additional
participant comments. For this study, the pilot was used to identify what shrimpers had
observed about black gill (Table 3). As a result of the pilot, some questions were revised
and others were removed. Some opinion and behavior based questions were reduced from
the final mailed questionnaire, especially those that included subsequent questions to
obtain further explanations. To reduce the complexity of the survey, “if yes” questions
were used sparingly. The mailed questionnaire method was selected for surveying
shrimpers because only about 20% of shrimper telephone numbers from the GADNR list
of persons with vessels licensed for commercial shrimping in Georgia were operable
(Lisa Liguori, personal communication, 2014). The mailed questionnaire method was
also useful for reaching shrimpers who were not accessible for extended periods of time,
whether during or outside of the shrimping season.
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Mailed Questionnaire Population
GADNR provided two address lists available for public use, neither of which
contained the actual number of Georgia licensed commercial shrimpers. Two shrimpers
whose addresses and full names were provided during the pilot study were not found on
either list, meaning that the lists provided a slight underestimate of the target population.
One list contained the addresses of 279 persons with vessels licensed for commercial
shrimping in Georgia. The disadvantage of using this list was that not all shrimpers were
vessel owners, and not all vessel owners were shrimpers. This list was a greater
underestimate of the target population. The second list contained the addresses of 1,254
persons with Georgia commercial fishing licenses as of September 2, 2014. This list more
closely encompassed the target audience. Therefore, the most ideal method to reach as
much of the target population was to mail questionnaires to all persons with Georgia
commercial fishing licenses. A list updated near the end of the shrimping season was
available, but was not used because most shrimpers would have applied for a license by
September 2, 2014 (Julie Califf, personal communication, September 24, 2015).

Shrimper Survey on Black Gill
Personalized selection letters were sent on February 24, 2015 to inform fishers
that a mailed questionnaire would be sent to them in the following weeks (n= 1,254)
(Appendix A). Seventy-eight selection letters were returned primarily due to inaccurate
mailing addresses. One selection letter was returned due to insufficient postage. The
address of each returned selection letter was assessed online using White Pages Pro.
Thirty-eight selection letters were re-mailed to the corrected addresses. Use of the term
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“black gill disease” written in the original selection letter generated negative feedback,
and therefore was changed to “black gill condition” in the subsequent cover letter and
survey to alleviate fearful reactions among consumers who may receive the survey
package and become concerned about consuming diseased shrimp. “Infected” was
removed as well to reduce the negative connotation of that word when describing shrimp
with black gill. Mailed questionnaires were mailed to 1,196 fishers on July 23, 2015.
The survey package contained a personalized cover letter (Appendix B), the
questionnaire (Appendix C), and a return envelope. The Shrimper Survey on Black Gill
mailed–questionnaire contained 39 items that were divided into 16 questions (Appendix
C). To distinguish shrimpers from non-shrimpers, the first question of the mailed
questionnaire asked the participant if they were a shrimper. Instead of discouraging nonshrimpers from returning the survey, asking this question provided information on what
proportion of the mailing list constituted shrimpers and non-shrimpers. Questions 1a-2a,
4, 11, and 12 within the survey (Appendix C: Section A) addressed the observations that
shrimpers made about black gill, which were discussed in this study. A “How much black
gill have you seen?” worksheet was inserted into the Shrimper Survey on Black Gill as a
separate sheet. The responses that shrimpers provided about black gill infections by
month were not independent of the given locations. The worksheet was separated from
the survey to prevent shrimpers from being discouraged to complete the survey due to a
cumbersome question. The responses of the shrimpers within the survey represented the
qualitative aspect of the mixed-methods approach. Confidence intervals were created to
describe means for the shrimping population with regards to their age (Question 1;
Appendix C: Section B), the number of years they had been shrimping in the state waters
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of Georgia (Question 6; Appendix C: Section B), and the first year the shrimpers saw
black gill (Question 1b; Appendix C: Section A).

RESULTS
I.

Shrimp Trawling Survey

Black Gill Prevalence by Month
A unimodal distribution was evident when mean percent black gill infection was
observed by month during the 1996-2014 shrimping season (Figure 3a). Black gill
infections increased in the fall months and decreased during the winter months. The
percentages of shrimp with black gill were statistically different by month (p <.0001).
September and October were statistically different from June through August and
November through December. In fact, the highest prevalence of black gill infection was
observed in September (n=1232 shrimp). Shrimp catch was highest from June through
July and December through January (n=12886 shrimp to 10692 shrimp) when black gill
infections were lowest. Less than 10 shrimp with black gill were collected in January
(n=6 shrimp), June (n=1 shrimp), and July (n=7 shrimp). During the mid-shrimping
months when black gill infections were higher (August through November), shrimp catch
was low (minimum=5454 shrimp and maximum=7760 shrimp). Shrimp with black gill
were not collected from February through May.
During the 2014-2015 shrimping season, a unimodal distribution of black gill
infections by month was observed (Figure 3b). Black gill infections were statistically
different by month (p<.0001). The earliest infections were observed in August (19%),
then they peaked in September (75%) and decreased from October (59%) through
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December (0%). The percentages of black gill infections in September were statistically
different from those observed in June, July and December. Shrimp catch was lowest in
September and October (n=460 shrimp and n=454 shrimp, respectively) when black gill
infections were highest. Shrimp catch was highest in December (n=3542 shrimp) when
black gill infections were low.

Black Gill Prevalence by Year
Black gill infections were first observed in 1996 when the least amount of shrimp
were caught (n=2015 shrimp) (Figure 4). No shrimp with black gill were observed from
1997-2001. The percentage of shrimp with black gill increased from 7% in 2002 to 18%
in 2005, when the highest percentage of shrimp with black gill was observed (n=420
shrimp) (Figure 4). The percentages of shrimp with black gill fluctuated from 2005 to
2014. The number of shrimp caught was highest in 2014.

Black Gill Prevalence by Month and Year
When observed by month and year (Figure 5), the maximum number of shrimp
with black gill was seen in October 2005 (n=249 shrimp; Figure 5d). The second highest
peak was observed in September 2008 (n=214 shrimp) (Figure 5f). The earliest
occurrence of black gill was documented in December of 1996 (n=2 shrimp). Since then,
more than one shrimp with black gill was not collected until August 2002 (n=45 shrimp).
The least numbers of shrimp with black gill were collected June 2002, January 2005, and
August 2007 (n=1 shrimp, respectively) (Figure 5a, 5c, and 5f).
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Black Gill Prevalence by Location
When the percentages of black gill prevalence were observed by location from
1996-2014, the results of the nonparametric ANOVA showed that black gill infections
were not statistically different between the locations (Figure 6a). The most shrimp were
collected at Sapelo Sound A (n=13508 shrimp) and St. Andrews Sound A (n=12891
shrimp) (Figure 6a). Black gill infections varied from 5.9-11.8% of shrimp collected
among the 12 sampled sites (Figure 6a). St. Andrews Sound A was the location with the
lowest percentage of shrimp with black gill (5.9%) (Figure 6a). The least amount of
shrimp were collected at St. Andrews Sound B, Cumberland Island A, and Cumberland
Island B (n=2235 shrimp, n=2468 shrimp, and n=1924 shrimp, respectively), which were
the southernmost locations. Cumberland Island B yielded the least amount of shrimp, but
had the highest percentage of shrimp with black gill (11.8%) (Figure 6a).
The percentages of shrimp with black gill were not statistically different by
station during the 2014-2015 shrimping season (p=0.0659) (Figure 6b). No shrimp with
black gill were observed at Wassaw Sound B and Ossabaw Sound B. The highest
percentage of shrimp with black gill was observed at St. Simons Sound B (24.7%).
Shrimp catch was highest at Sapelo Sound stations A and B and St. Simons Sound A
(n=2104 shrimp, 2110 shrimp and 2170 shrimp, respectively). Black gill infections
occurred during the September, October and November months for all locations (Figure
7).
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Black Gill Prevalence by Species
White shrimp was the most commonly collected shrimp species (77% of shrimp
caught), 8.58% of which had black gill (Figure 8). Brown and pink shrimp were also
collected in lesser amounts (22% and 1%, respectively), and had lower percentages of
infection (2.74% and 1.15%, respectively). The percentages of shrimp with black gill by
species were statistically different (p=.0002).

II.

Mailed Questionnaire

Two different sets of pseudoreplicates were identified within the sample and were
removed. Both were Georgia commercial shrimp trawlers. One set consisted of a male
and female who had the same address and identical responses. While there were slight
differences in their open ended and demographic responses, the male was selected to
represent that household because he was the active shrimper. The other set of
pseudoreplicates consisted of two males living in the same household who responded
similarly. The oldest male was selected to represent that household.
Of the 1,196 surveys that were mailed, 125 usable surveys were completed and
returned (10.5% of the surveys mailed), excluding the two pseudoreplicates who were
removed from the sample. An additional forty-two survey packages were returned to the
investigator by the post office because of inaccurate mailing addresses. Among the usable
surveys, 93% of the participants indicated whether they were or were not shrimpers
(n=117). Thirty-nine percent of the survey participants were commercial shrimpers who
trawled for food shrimp in Georgia (n=46) and 61% of the participants indicated that they
were not (n=71). Some participants who were not commercial shrimpers indicated that
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they were bait shrimpers, cast-netting shrimpers, freshwater fishers, catfish fishers, and
blue crab fishers. Of the 45% of participants who responded whether or not they observed
black gill (n=57), 89% of the participants said “yes” (n=51) and 9% of the participants
said “no” (n=5).

Commercial Food Shrimper Respondents
The average shrimper age was 54, with the minimum age being 29 and the
maximum age being 77 (Figure 9a). A majority of the participants were males (87%,
n=40), and 13% of the participants were females (n=6) (Figure 9b). Over half of the
shrimpers were boat captains (65%, n=28), and 35% of the shrimpers were strikers
(n=15) (Figure 9c). Most of the respondents were licensed to shrimp in both state and
federal waters (75%, n=32) (Figure 9d). The average number of years the respondents
shrimped in the state waters of Georgia was 31 years (min=2 years, max=60 years)
(Figure 9e). Most of the respondents were full-time shrimpers (69%; Figure 9f).

Shrimper Observations of Black Gill Infections
Black Gill Prevalence by Year
Only one respondent indicated that they had not seen shrimp with black gill
(Figure 10a). The earliest year that a shrimper reported seeing black gill was 1980, and
the latest year was 2015 (Figure 10b). No one reported their initial encounter with black
gill in shrimp occurring from 1981-1983, 1985-1989, or 1991-1994 (Figure 10b). At least
one shrimper started noticing shrimp with black gill each year from 1995-2015 except in
2007. More shrimpers first noticed black gill in 2010 (n=8) than any other year (Figure
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10b). Since the first year the shrimpers saw black gill, 53% of them noticed an increase
in black gill infections (n=24), 4% indicated that the number of infections stayed the
same (n=2), 7% indicated that there was a decrease in black gill infections (n=3), and
36% noticed that the black gill infections varied year to year (n=16) (Figure 10c).

Physiological Observations of Black Gill Infections
Most shrimpers indicated that they saw more black gill in a particular shrimp
species (89%) (Figure 10d). White shrimp was seen more often infected with black gill
than brown shrimp (n=29 and n=1, respectively) (Figure 10e). More shrimpers related
black gill with smaller sized shrimp (60%) (Figure 10f) and shrimp that were less active
(67%) (Figure 10g). Two shrimpers mentioned seeing black gill infections in blue crabs.

Black Gill Prevalence by Month
The responses of 40 shrimpers to the “How much black gill have you seen” chart
(Appendix C) were used to identify the percentages of shrimp with black gill that
shrimpers observed each month during the 2014-2015 shrimping season (Figure 11).
Though respondents were instructed to indicate one month when they observed the
highest percentage of black gill infections at each station, several shrimpers recorded
more than one month. The number of shrimper respondents increased from June through
November, peaked in September, and decreased from September through December. The
lowest percentage of black gill infections were reported in June (38%) and the highest
percentage was observed in December (64%).
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Black Gill Prevalence by Location
Responses to the “How much black gill have you seen” chart (Appendix C) were
used to identify the percentages of shrimp with black gill that shrimpers observed at areas
along the Georgia coast during the 2014-2015 shrimping season (Figure 11). Forty
shrimpers completed the chart and identified 1-10 areas where they shrimped. The
majority of the shrimpers stated that they shrimped at Ossabaw Sound, where the highest
percentages of shrimp with black gill were reported (63%). The least amount of
shrimpers reported shrimping from St. Marys Sound, where the lowest percentages of
shrimp with black gill were reported (36%).

Speculations on the Causes of Black Gill
Shrimpers had various ideas for the initial cause of black gill (Appendix C:
Question 16), which was addressed in the open ended responses to questions 16 and 17.
The most shrimpers mentioned that black gill was first caused by runoff of pollution
(n=16) from mills, farms, lawns, and/or golf courses. Some shrimpers identified the
pollution as pesticides or general sprays. Twelve shrimpers mentioned that the cause of
black gill was due to the GADNR restricting shrimpers from shrimping in the sounds.
Some respondents stated that the sediment in the sounds needed to be stirred up to clean
up the pollution that collects at the bottom of the sound where shrimp would feed or to
change the vegetation growing in the sounds. Others believed that the sediment needed to
be cleaned for shrimp to lay their eggs. One shrimper suggested opening the sounds “2-3
days a week in the fall” while another mentioned 2-3 times per year. Nine shrimpers
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mentioned that shrimp ponds first caused black gill, and four of those shrimpers specified
shrimp ponds in South Carolina.

Shrimping Population
There is a 95% probability that sample means calculated from the shrimper
responses can be used to describe the Georgia commercial food shrimping population
(α=.05). Based on observations made about the shrimper respondents, the average age of
the Georgia commercial food shrimping population was between 51 and 57 (α=.05). The
average number of years this population may have shrimped in Georgia was 31 years
(95% confidence interval ±4.7 years). The first year most shrimpers may have observed
black gill was 2004 (95% confidence interval ±2.2).

III.

Trawl Survey Data and Commercial Shrimper Responses

Black Gill Prevalence by Month
The percentages that shrimpers reported on black gill infections by month during
the 2014-2015 shrimping season fit within the range of black gill infections recorded by
the GADNR during that season (38-64% and 0-75%, respectively). Historically (19962014) and during the 2014-2015 shrimping season, black gill infections were observed as
increasing from June through September and decreasing from September through
December. The GADNR data showed that black gill infections were statistically different
by month. The least amount of shrimpers reported the highest percentage of black gill
infections occurring in December (64%). However, more shrimpers reported seeing the
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highest percentage of black gill infections in September. Both sources of data were used
to support the hypothesis that black gill infections varied by month.

Black Gill Prevalence by Location
Most of the shrimpers were licensed to shrimp in both state and federal waters
(73%, Figure 9d), and therefore a majority of the observations of black gill infections
spanned from state (Georgia sounds to 3 miles offshore) to federal (3-200 miles offshore)
territories. The percentages of black gill infections by location as reported by shrimpers
(36-63%) was higher than observed in the historical (1996-2014) and 2014 data indicated
by the GADNR (5.9-11.8% and 0-24.7%, respectively). Black gill infections were not
statistically different by location as observed using the GADNR data. The highest
infections and lowest shrimp catch was observed in the southern-most regions, which is
also an area where the least amount of shrimpers shrimped. Both the fisheries
independent and fisheries dependent data were used to reject the hypothesis that black
gill infections varied by location.

Black Gill Prevalence by Species
White shrimp were the most commonly caught species along the Georgia coast as
observed by GADNR (77% of shrimp catch), with brown and pink shrimp being caught
in lesser extents (22% and 1%, respectively) (Figure 8). Black gill infections were
statistically different by species, with white shrimp being the species that was infected
most often (8.71%). Almost all of the shrimpers identified black gill infections occurring
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most frequently in white shrimp. Both sources of data were used to support the
hypothesis that black gill infections varied by species.

Black Gill Prevalence by Year
The earliest year that a shrimper first noticed black gill was 1980, which was 16
years before the GADNR started monitoring black gill in Georgia. Three additional
shrimpers first observed black gill prior to 1996 in 1984, 1989 and 1995 (Figure 10b).
Only one shrimper first noticed black gill in 1996, which was the year that the GADNR
started monitoring black gill and collected two infected shrimp. After the first year the
GADNR started monitoring black gill in 1996, they did not notice black gill again until
2002. However, 11 shrimpers first noticed black gill during the 1997-2001 span that
black gill was not observed by the GADNR. Most shrimpers first noticed black gill in
2010 (n=8), though the highest percentage of shrimp with black gill observed during the
EMTS was in 2008. From 1996-2013, the percentages of shrimp with black gill as
recorded by the GADNR by year did not exceed 18%. In 2007, no shrimpers first
observed shrimp with black gill, though 9% of the shrimp that the GADNR collected that
year had black gill. Thirty-six percent of shrimpers believed that black gill varied year-toyear since the first year they observed the infection (Figure 10c), which the EMTS data
displayed. However, the majority of the respondents believed that black gill increased
since the first year they observed the shrimp infections (53% of respondents).
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DISCUSSION
An analysis of the socioeconomic impact of black gill on commercial shrimpers
required observing both fisheries independent and fisheries dependent data because both
sources were used to observe black gill infections in shrimp from different aspects. The
fisheries independent data collected by GADNR was used to observe shrimp stock,
shrimp health and the occurrence of black gill infections year-around from a biological
perspective independent of the shrimp fishery. GADNR used standardized sampling
methods to assess long-term changes among the shrimp species overtime. Fisheriesdependent data reported by shrimpers explored the shrimpers’ perspective of shrimp
catch and black gill infections that occurred during the 2012-2015 shrimping season.
Shrimpers identified where they shrimped and the highest black gill prevalence they
observed at each location. However, collectively, the duration of their trawls, equipment
used, and trawling techniques were not standardized. Shrimpers potentially utilized
methods for catching shrimp that they felt would be most beneficial for maximizing their
shrimp landing, which varied from shrimper to shrimper. These data can be used to
identify how shrimpers may respond to the occurrence of black gill. Shrimpers may
discard the heads of infected shrimp which may contribute to the spread of black gill in
Georgia because this infection has been observed as contagious (Lee et at. 2014).
This study supported the use of local knowledge in fishery management decisions
because shrimpers identified similar trends as the GADNR. Both the quantitative and
qualitative methods supported the hypothesis that black gill infections varied by month.
The historical GADNR data showed that black gill infections were statistically higher in
September and October, with September having the highest black gill infections. The
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percentages of black gill infections that shrimpers reported during the 2014-2015
shrimping season (38-64%) fit within percentages observed by the GADNR 2014 data (075%). The percentages of black gill infections were statistically different by month
during the 2014-2015 shrimping season according to the GADNR data. Within the 20142015 shrimping season, the 2014 GADNR data showed that black gill infections were
highest in September, which was the month when the most shrimpers reported seeing the
highest percentage of black gill infections. Both the GADNR and shrimper survey data
also supported the hypothesis that black gill infections varied by species. The trawl
survey data showed that black gill infections were statistically different by species, with
the white shrimp being the specie with the highest percentage of black gill infections.
Most shrimper respondents identified the white shrimp as being infected most often as
well. The GADNR and shrimper survey data both disproved the hypothesis that black gill
infections varied by location. The percentages of black gill infections by location were
statistically different according to the GADNR data. Black gill infections that shrimpers
reported ranged from 36-63%, and were higher than the GADNR historical (5.9-11.8%)
and 2014 data (0-24.7%).
The year that a shrimper first observed black gill maybe indicative of the year that
shrimper first started monitoring black gill because, at the very least, they were aware of
the change in the physical appearance of the shrimp. Out of the entire shrimping
population, at least four shrimpers were observing black gill prior to the year GADNR
started monitoring black gill. During a pilot telephone interview, a retired shrimper
mentioned that he only saw black gill in one to two South Carolina shrimp every so often
during the fall season in 1994. He originally thought the infection was a shrimp ulcer or

29

cancer. Enough shrimpers in his community noticed black gill, which brought about
discussion and concern. The one shrimper who first saw black gill in 2015 said he had
been shrimping in Georgia state waters for 33 years.
According to previous observations, black gill appears in the fall and overlaps
with the state offshore shrimping season (GADNR 2008) which may impact the number
of months shrimpers can catch shrimp without the negative effects of black gill
infections. This current study showed that during the shrimping season, June through July
and December through January maybe the best months for shrimpers to land shrimp
because the GADNR data showed that black gill infections were low and shrimp catch
was high during these months. Shrimpers should consider shrimping less during the
middle of the shrimping season because black gill infections were high and shrimp catch
was low. Black gill infections were significantly higher in September and October. The
GADNR data can be used to suggest that the fluctuations in black gill infections by
month may reduce shrimp catch. Therefore, in an effort to avoid the effects of black gill
on their shrimp catch, shrimpers should focus more on when they shrimp rather than
where they shrimp. Where shrimpers choose to shrimp during the shrimping season does
not affect the percentage of those shrimp that they catch with black gill because the
percentages of shrimp with black gill by location were not statistically different.
Cumberland Island sites and St. Andrews Sound B may have yielded the least amount of
shrimp because these sites were furthest away from a sound.
White shrimp, pink shrimp, and brown shrimp have been observed as shrimp
species of commercial importance along the eastern coast of the United States (Farfante
1969), and white and brown shrimp have been observed as abundant seasonally (Kneib
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1984). The shrimper survey data showed that shrimpers were able to distinguish between
shrimp species because a majority of the shrimpers identified white shrimp as being
infected more often, as observed by the GADNR. The shrimping season is closed in
Georgia during the spring when white shrimp have been observed spawning (Delancey et
al. 2005). Results from this current study showed that white shrimp were the most
abundant shrimp species of commercial importance collected along the Georgia coast,
and therefore closing of the shrimping season is incumbent on preserving this species.
Most of the brown and pink shrimp are collected during the summer months when they
are spawning in the open ocean as adults (Williams 1955; Kennedy and Barber 1981), but
shrimpers are likely catching white shrimp that are migrating to open ocean during the
summer that have not reached full maturity. White shrimp reach the open ocean as adults
by the fall season, when black gill infections are highest. The percentages of shrimp
infected with black gill were statistically different, with white shrimp being infected most
often. However, only 8.71% of white shrimp were infected with black gill from 19962014. A lower percentage of brown and pink shrimp were infected with black gill, which
may be attributed to those species being found in a lesser extent in Georgia according to
the GADNR data. Only one shrimper mentioned black gill infections occurring most
often in brown shrimp. Most brown shrimp maybe caught by shrimpers as adults in the
open ocean during the summer (Williams 1955) when black gill infections are low. The
GADNR data showed that 1.14% of pink shrimp were infected with black gill, which
may help to describe why none of the shrimpers mentioned observing more black gill
infections in pink shrimp. The most adult pink shrimp maybe collected by shrimpers
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when they are spawning offshore during the late spring and summer (Kennedy and
Barber 1981). As stated previously, black gill infections were low during the summer.
Various speculations have been made about black gill infections in and around
Georgia. An article by PRAISE (2002) showed that black gill infections in South
Carolina occurred in 80-90% of the shrimp in creeks and oceans. The range observed in
South Carolina was well above the range observed in the historical GADNR data (6.711.8%) and average percentages reported by shrimpers (36-63%) when observed by
location. A part-time shrimper who owned a wholesale seafood market in Georgia
mentioned that shrimp landed near Skidaway Island were not infected with black gill, but
40-50% of the shrimp caught near the Wilmington River were infected (Jackson, pers.
observation).The range reported near the Wilmington River fit within the ranges reported
by shrimpers in this study. However, when comparing reported percentages of black gill
infections to those observed in this study, the specific month those percentages were
observed should be considered as well.
On occasion, fishers may work around management strategies such as seasonal
regulations in ways that are not anticipated by resource managers (Fulton et al. 2011) in
order to meet their own quotas. Increased effort to catch shrimp without the impacts of
black gill may result in an increase in bycatch associated with shrimp trawling. However,
the removed heads of shrimp with black gill can be discarded like bycatch as well.
Considering that shrimp heads infected with black gill are contagious to other shrimp
(Lee et al. 2014), discarding removed heads may contribute to the spread of black gill.
Helping shrimpers to identify months when they can maximize their shrimp catch may
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reduce bycatch caused by increased fishing effort and mitigate the spread of black gill
caused by shrimpers discarding infected heads.
Shrimpers may have observed black gill differently than the GADNR because
respondents may have trawled for longer than 15 minutes and handled shrimp on a daily
basis during the shrimping season rather than monthly as the GADNR during their
EMTS. There is no limit on the size, number, or pounds of shrimp that maybe caught by a
commercial food shrimp trawler during the shrimping season (GADNR 2014).
Additionally, GADNR may not have trawled in locations where shrimpers were
shrimping. The EMTS data was acquired from the same sites since 1996, whereas fishing
locations of the shrimpers may not have been consistent. Therefore, the observations of
the shrimpers may have varied by location and year. Overall, scientists need to become
familiar with what shrimpers have been observing about black gill on a daily basis for
years during the shrimping season. In a reciprocal fashion, scientific approaches are
needed to ensure that the information is accurate and not just based on overzealous
observations and hear-say. Shrimpers may have overestimated the percentages of black
gill infections by location because they were not actively counting the number of infected
shrimp in their catch, but instead making general observations. Black gill infections may
have also been easier to remember in increments of 25% from 0-100%.
Two shrimpers mentioned observing black gill infections in blue crabs. A
fisherman interviewed during the pilot study mentioned that black gill infections in
Georgia blue crab was a recent occurrence. This information has not become magnified
enough for media coverage yet, and therefore black gill infections may not be impacting
the Georgia blue crab industry currently. Researchers have observed black gill infections
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caused by apostome ciliates under the gills of the hermit crabs Pagurus hirsutiusculus
(Bradbury 1966) and P. longicarpus (Trager, 1957) and the fiddler crab Uca pugnax
(Trager, 1957). Whether black gill infections have been monitored in crabs during the
GADNR-EMTS was not addressed in this study.
The current cause of black gill in Georgia shrimp is unknown among researchers,
which has been communicated to the public through public media (ex. newspapers,
websites). Therefore, shrimpers maybe taking observations made from the past and
present to create their own conclusions about the causes of black gill. Some shrimpers
may have observed pesticides being sprayed on lawns, farms, or golf courses that led
them to thinking that those were the initial causes of black gill. Shrimpers may also be
making their own conclusions of black gill infections based on information being shared
through the newspapers. Those who believed that black gill was first caused by shrimp
farms in South Carolina may have read about the accidental release of about 2,000 tiger
shrimp from the South Carolina Department of Natural Resources aquaculture facility in
Bluffton, SC in 1988. Some of the shrimper respondents or shrimpers who they know
may have also collected some of the tiger shrimp that migrated south towards Florida.
This idea of black gill infections originating from aquaculture facilities may not be farfetched because black gill infections have been observed in pond-raised shrimp.
However, the earliest year a shrimper observed black gill was 1980, which was eight
years before the accidental release of tiger shrimp. Additionally, only one shrimper first
saw black gill following the year of the accidental release of tiger shrimp (1988) in 1990.
Shrimpers may have made their own conclusions of black gill infections, or may have
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received their ideals from word-of-mouth. Several shrimpers mentioned that they were
told by others about the cause of black gill and/or stated that others felt the same way.
The ideas that shrimpers create about black gill should not be observed as
outrageous or obscure, but taken into consideration. Shrimpers are constantly making
observations of shrimp and the environment of the shrimp because many of the shrimpers
have been shrimping since their adolescent years and still rely on shrimping as their main
source of income. Their ideals also need to be better understood to view how they may
respond to regulating agencies such as the GADNR. Twelve shrimpers stated that black
gill was first caused when the sounds were closed to food shrimp trawlers. This appears
to be a conflict with or distrust towards the regulating agency. This may prevent some
shrimpers from cooperating with GADNR if this agency attempts to receive information
about the shrimping industry from shrimpers. If there is distrust towards the regulating
agency, then the input of shrimpers with regards to opening and closing the shrimping
season maybe underrepresented. Shrimpers maybe selective in what they share with the
regulating agency unless approached with a gatekeeper, a person who is trusted within
the community.
The actual number of commercial shrimpers who trawl for food shrimp in
Georgia is uncertain. However, a retired Georgia shrimper interviewed by telephone
during the pilot survey indicated that there were about 100 shrimpers within the target
population. Therefore, it is possible that a little less than half of the target population
responded to this survey (n=46 respondents). Additionally, since 77% of the respondents
had federal permits (n=33), and 79 federal permits were issued to shrimpers in Georgia
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by December of the 2014-2015 shrimping season, therefore, 42% of the federally
permitted shrimpers were reached during this study (Liese, personal communication).

LIMITATIONS
A sampling frame includes the number of people who are a part of the population
from which the sample is derived. One limitation of this study was that a good sampling
frame for this study could not be identified because the actual number of commercial
food shrimp trawlers within the target population was unknown. Therefore, to reach as
much of the target population as possible, surveys were mailed to 1,254 persons with
Georgia commercial fishing licenses. However, this method was costly, which prevented
the ability to re-mail surveys to non-respondents and/or reminders to complete the
survey. Further mailings may have increased the response (Dillman 1978). Another
uncertainty found within this study was not being able to identify whether survey
respondents were primarily shrimping in state or federal territories, which would have
been beneficial for identifying similarities and differences in black gill infections closer
and further offshore. Shrimpers should be asked to clarify whether their primary
shrimping areas are in state or federal waters to better identify differences in black gill
infections between the two territories. Another limitation of this study was mailing the
surveys July 23, 2015, which was five months after the selection letters were sent
(February 24, 2015). Surveys should be sent soon after the selection letters are mailed to
keep shrimpers on the search for surveys, which may have increased the response rate.
Selection letters and survey packages should also be sent closer to the shrimping period
in question because shrimpers will better remember the percentages of black gill
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infections that they observed within specified months and locations. During the piloted
mailed questionnaire, when a shrimper was asked to report the percentages of infected
shrimp that they observed during the last year they shrimped in a particular area, the
respondent only identified the percentages of shrimp infected with black gill observed in
the most recent year (2014) rather than the year they stopped shrimping in specified areas
(2009). Evaluating the amount of money that could be invested into mailing surveys and
identifying cheaper methods for mailing surveys should have also been further explored.
It is recommended that GADNR ask fishers to clarify the use of their commercial fishing
license when their license is being renewed to better describe how each commercial
fishing industry is performing socioeconomically.

FUTURE WORK
Two shrimpers mentioned observing black gill infections in crabs, which has not
reached a level of occurrence to generate concern by the media. Therefore black gill
infections may not be impacting the Georgia blue crab industry currently. A future study
could be collecting fisheries independent and/or fisheries dependent data on black gill
infections in Georgia blue crabs. The GADNR mailing list of licensed commercial fishers
could be used to reach fishers of various types to address what they have observed about
black gill infections in these crustaceans, especially blue crab fishers. Biological studies
can be conducted on the causes of black gill infections in blue crabs as well. Another
future study could be assessing the socioeconomic impact of black gill infections on
shrimp size. Black gill has been observed as impairing shrimp respiration (SCDNR 2012;
Couch 1978), which impacts oxygen intake. Low oxygen consumption can impact shrimp
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growth (Re and Díaz, 2011) and reduce the average shrimp size and consequently, count
per pound. Most of the shrimpers stated that they related black gill infections with
smaller sized shrimp. If the physiological impact of black gill is influencing shrimp to be
smaller during specific months, then black gill may indirectly impact the profit that
shrimpers make each month. Additionally, the negative economic impact of black gill
infections might be amplified when shrimpers are not catching larger shrimp because
larger shrimp sizes generally provide a higher price per pound.
Within this study, the hypothesis that black gill infections varied by month was
supported by the GADNR-EMTS data as well as shrimpers. Future work could also
address which water quality variables contributed to the fluctuation of black gill
infections in Georgia shrimp by month (i.e. salinity and temperature). Black gill
infections have been observed as being highest in warm to moderately cool weather
(Couch 1978). As observed in this study, black gill infections maybe highest in
September and October and lowest in June, July and December. This study showed that
black gill infections were not statistically different by location. From this observation, a
future study could be to investigate how black gill infections are distributed in similar
proportions along the Georgia coast; looking more specifically at hydrological trends as a
potential contributing factor. Another future study could be to investigate whether the
speculations that shrimpers provided about the causes of black gill infections are true.
A portion of the shrimpers attributed the cause of black gill infections to the
GADNR closing the Georgia sounds to shrimp trawling. This type of response shows the
distrust of some shrimpers in the GADNR and their regulations. In order to reestablish
trust between the shrimpers and the GADNR, the regulating agency may have to first
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acknowledge the distrust that shrimpers have in their organization and inform them how
their regulating methods are beneficial for the shrimpers. A gatekeeper, especially a wellseasoned shrimper, would be helpful with reestablishing trust within the shrimping
community. Once trust is reestablished, the GADNR could relay information that maybe
beneficial to shrimpers such as how to increase their shrimp and avoid black gill
infections. Establishing trust is the first step for any organization to effectively
communicate a message to their audience.
Results found in this study could be communicated to shrimpers in an effort to
assist them with catching shrimp without the negative effects of black gill infections.
Such negative effects have been observed as impaired respiration in shrimp (SCDNR
2012; Couch 1978) and the associated reduction in energy output that makes shrimp more
vulnerable to predators and extreme environmental changes (SCDNR 2012; Lafferty and
Kuris 1999). Shrimpers could be informed that shrimp catch is highest near the beginning
and end of the shrimping season when black gill infections are low, and that shrimp catch
is low during the middle of the shrimping season (i.e. September and October) when
black gill infections are high. This information may prevent shrimpers from wasting time,
money (i.e. in operation and fuel costs) and effort associated with producing shrimp that
may not be available during the middle of the shrimping season. Helping shrimpers to
identify more profitable months may prevent a reduction in Georgia shrimpers and
fishing effort that has been suggested through a reduction in shrimp landings and
commercial food shrimp trawling vessels (GADNR 2012; GADNR 2013c; Jackson, pers.
observation). This information could be disseminated through the GADNR website, local
newspapers, and/or flyers posted at docks, which are the current methods that the
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GADNR uses to inform shrimpers of the opening and closing dates of the shrimping
season. Spreading information by word-of-mouth, especially through the use of a
gatekeeper, maybe affective as well.
Minimal information about black gill infections have been shared with consumers
and seafood houses through newspapers and news broadcasts. During this study, after the
selection letters were mailed to fishers, the term “black gill disease” was suggested to be
changed to “black gill condition” to alleviate fears among consumers about eating shrimp
with a potential disease. As the media normalizes the idea of black gill by keeping
consumers informed of the infection and reassured that the infection has not been proven
to affect humans, more consumers and seafood houses may start accepting shrimp with
visible black gill in the future. However, if information about black gill infections remain
discrete and an organization attempts to inform others about black gill infections, but
consumers and sellers are not seeing these infections, then these stakeholder groups may
feel deceived. Therefore, every organization informed about black gill infections needs to
be in agreeance of what they will share with stakeholders.
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Table 1. Latitude and longitude coordinates of the 12 stations where shrimp were
collected and assessed for black gill infections. Surveys were conducted by the Georgia
Department of Natural Resources (GADNR) during their monthly Ecological Monitoring
Trawl Surveys (EMTS) in 1996-2014. These stations were located in authorized Georgia
commercial food shrimp trawling areas (from the edge of the sounds to 3 miles offshore).
“A” and “B” sites were not uniformly distributed among each sound, but site “A”
denoted the northernmost site.
Station

Latitude

Longitude

Wassaw Sound A

31.91500

-80.91500

Wassaw Sound B

31.91000

-80.91670

Ossabaw Sound A

31.80167

-80.99170

Ossabaw Sound B

31.79000

-81.00000

Sapelo Sound A

31.53333

-81.15830

Sapelo Sound B

31.52500

-81.17500

St. Simons Sound A

31.10833

-81.35830

St. Simons Sound B

31.10000

-81.34170

St. Andrews Sound A

30.99333

-81.41670

St. Andrews Sound B
Cumberland Island A
Cumberland Island B

30.95000
30.88833
30.87833

-81.31670
-81.38330
-81.39170
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Table 2. Demographic data of piloted survey respondents.
ID
#

Gender

Age

1

Male

61

2

Male

75

3

Male

41

4
5
6
7
8
9
10

Male
Male
Male
Male
Male
Male
Male

N/A
N/A
N/A
N/A
N/A
N/A
58

11

Male

53

Qualifying
Affiliation
Shrimper/Boat
Captain
Boat Captain
Part-time
shrimper/striker &
dock owner
Retired Shrimper
Fisherman
Fisherman
Shrimper
Shrimper
Shrimper
Retired Shrimper/
Current Boat
Captain
Retired SC
Shrimper/ Current
GA Boat Captain

Shrimping
Experience
(yrs)
42
Observing
4 yrs
22

Survey Method

Mailedquestionnaire
Mailedquestionnaire
Mailedquestionnaire

Location

Brunswick
Savannah
Savannah

N/A
N/A
N/A
N/A
N/A
N/A
1975-1981

Face-to-face
Face-to-face
Face-to-face
Face-to-face
Face-to-face
Face-to-face
Phone

Darien
Darien
Darien
Valona
Valona
Valona
Brunswick

N/A

Phone

Savannah
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Table 3. Shrimper responses to questions about their observations of black gill that were piloted in mailed-questionnaires and during
face-to-face and telephone interviews.
Question
1a. Have you ever seen shrimp with black gill?
1b. If “Yes” to 1a, during which year did you first see shrimp with black
gill?
2a. Since the first year you saw black gill, have you noticed the number of
shrimp infected with black gill increase, decrease, both increase and
decrease, or stay the same?
4a. ***Have you always shrimped in the same areas in Georgia (circle
one)?
4b. If you answered “No” to 4a, have you chosen to change where you
shrimp because of black gill (circle one)?
4c. Current and past shrimping areas and the percentage of shrimp
with black gill seen in the lasts year shrimped (condensed question)

1
Yes
1998

ID #
2
Yes
Just
Recently

3
Yes
2002

Both

Both

Yes

No

10
Yes
19901995
Both

11
Yes
1994

No

No

Same

Yes
1972-2009: Wassaw & St.
Catherine’s Sounds;
1972-2014: St. Simons
(10%), St. Andrews
(20%), St. Marys (10%)
Sounds

5a. Have you ever caught shrimp with black gill that were dead (circle
one)?
5b. If “Yes” to 5a, do you generally throw the shrimp with black gill that
are dead overboard (circle one)?
5c. If “Yes” to 5a, what percentage of dead shrimp in your catch
generally have black gill (circle one below)?
8. Do you see more of a particular shrimp species infected with black gill
If "Yes", which one?

Yes

Past:
Savannah
River,
Wassaw
Sound,
Ossabaw
Sound
No

No

Yes
No

25%
Yes
White shrimp
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White
shrimp

Yes
White
shrimp

White
shrimp

Table 4. Themes that were identified during the pilot survey among the comments of shrimpers during face-to-face interviews,
telephone interviews, and the written responses given in the mailed-questionnaire.
Theme
Species Type

Sub-theme
Shrimp
Characteristics
Other

Shrimp
Infected with
Black Gill
Characteristics

Shrimp
Habitat and
Environmental
Characteristics

BG Parasite
references
Black gill
distribution

Explanation
Any reference to shrimp size, type, months or seasons
shrimp are caught, and the impact of black gill on any
of these variables.
Observing black gill in other species, and what
byproducts can be used for.
Explaining what the black gill parasite is

Terms
Small shrimp, white shrimp, brown
shrimp, July-Sept., Sept-Oct., fall

Sources
2

References
4

Crab, other creatures, cat food

4

4

Bacteria

1

1

Distribution from land to the ocean, states, counties

In the ocean, down the whole east
coast, Georgia, Carolina, St. Mary’s
Florida, Jacksonville, Rockville, SC
Smaller, killing em, can’t breathe, gills,
dead, weaker, less active, lethargic,
stunted the growth, mortality, size,
larger
All of em, a little bit, it fluctuates, years
ago, increased

2

3

4

9

5

18

drought
Year(s), summer, fall, season,

1
2

1
6

Filth, rain, fresh water

2

3

Tide, stirred up, turn them

1

4

4

8

3

4

Behavior and
physical
attributes

Explaining effect of black gill on shrimp, where the
parasite is located on shrimp

Abundance

Commenting on how many shrimp have the black gill
infection (also %), where in Georgia shrimp with
black gill have been seen, month(s) see black gill,
when first saw black gill, specie
Location of shrimp, what occurs in the ocean and
sound

Water Quality
Seasonality
and Months
Environmental
Change
Currents and
Tides

Seasonal
Changes

Environmental changes that may cause black gill
and/or kill shrimp

Ocean, sound, rivers, offshore

Non-shrimping months, months see black gill, months
to catch
shrimp, amount of shrimp being caught,

Role

Shrimper

References to different shrimpers

Little bo, cast netters
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Gear and
Fishing
Technology

Fisheries
Management
Economics

Black Gill
Causes

Processor
Patrons
Manager or
Policymaker
Trawl
Boat, ships
and vessels
Regulations
Selling and
marketing the
catch
Earning,
Revenue, and
Profitability
Costs and
operating
expenses
Competition
SC Shrimp
Farm
Runoff
Closing of
Sounds

Fish house, processing plants, market
People, fish houses, market
People in the office

People being sold the shrimp

1
2
1

2
2
1

1
2

1
2

People in the office
Closing, 3 miles offshore
Got to head em, shrimp prices, heads,
head-on, head-off, market

1
2
5

1
2
6

Bad, dollars, won’t be enough, money,
cheapest, profitable, landings,
productions, price
Pay to tie up, charging to dock, cents/lb

4

10

2

4

imports
Processing plants
Pond raised tiger shrimp

1
1
1

1
1
1

Runoff, rain
Closing, Sounds, open,

1
3

4
7

Picture reference
Picture reference

Reference to consumers, value of shrimp, removing
heads

Effects of closing the sounds, before the sounds were
closed
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Table 5. NVivo qualitative data analysis software (Version 10) was used to categorize the responses to the open ended question “Have
you noticed any other differences in shrimp with or without black gill?” (Appendix C: Section A: Question 13).
Node
Yes
No
Shrimp
Infected with
Black Gill
Characteristics

Sub-node1

Sub-node2

Shrimpers who only said “No”
Commenting on their shrimp catch when black gill
is present
Explanations of the activity level of shrimp with
and/ or without black gill

Abundance
Activity
Level
Dead

Weak

Ecology

Physical
Appearance
Rot Quicker

Smaller Size
Larger size
Species Type

Socioeconomics

Explanation
Shrimpers who only said “Yes”

Comments that shrimp with black gill in their
catch are dead, and die quicker, or die in particular
aquatic areas
Descriptions on the activity level of shrimp with
black gill, and also comparing to shrimp without
black gill
References to what happens to infection rates and
to shrimp with black gill in different aquatic areas

Descriptions of the physical appearance of shrimp
with black gill.
Explanations on how quickly black

gill causes infected shrimp to rot.
Comments on how black gill causes shrimp to be
smaller.
Comments on how black gill causes shrimp to be
larger.
Explanations on how black gill impacts different
shrimp species or categories.
Comment on how they handle shrimp with black
gill.
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Terms
“without”, “most
definitely”, “yes”
“No”, “None”
“less shrimp”, “less of
them”
“without…lively”,
“with…dead and slow”,
“does not function properly”
“dies quicker”, “they die”,
“hit the deck dead”, “die in
the sounds”
“weak”, “just lay there”,
“not active”

Sources
1

References
5

1
1

7
5

1

2

1

6

1

8

“die in the sounds”, “die
before…ocean”,
“Ocean…Black Gill…filter
out”

1

3

0

0

“rot quicker”, “beginning to
rot”

1

2

“not as plump & meaty”,
“smaller”, “do not get big”
“Shrimp get larger”

1

5

1

1

“Brown shrimp”, “Fall
white shrimp”, “Warm
water shrimp”
“throw out of pile don’t put
in basket”

1

2

1

1

Figure 1. Commercial food shrimp trawling in Georgia is authorized from the edge of the
sounds to three miles offshore and is regulated by the Georgia Department of Natural
Resources (GADNR). The Georgia offshore shrimping season is potentially May 15December 31, with a possible extension into January or February, depending on the
period that GADNR mandates. Shrimping in Economic Exclusive Zone (EEZ) (3-200 mi
offshore) is regulated by the South Atlantic Fishery Management Council (SAFMC).
These areas include North Carolina, South Carolina, Georgia, and the Florida Atlantic
coast. Federal shrimping is open unless requested by the state for the adjacent waters to
be closed. Commercial food shrimping in the gray areas is not authorized by either
permit.
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Figure 2. Shrimp were observed from 12 stations located in authorized Georgia
commercial food shrimp trawling areas (from the edge of the sounds to 3 miles offshore
(4.83 km) by the Georgia Department of Natural Resources (GADNR) during their
monthly Ecological Monitoring Trawl Surveys (EMTS). “A” and “B” sites were not
uniformly distributed among each sound, but site “A” denoted the northernmost site.
During each 15 minute trawl, the total weight of the shrimp catch, number of shrimp
collected, and catch per unit effort (CPUE) were recorded. The length and disease
condition for up to 30 individuals per shrimp species were assessed as well. Temperature,
salinity, and dissolved oxygen of the surface water were measured.
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p <.0001
A
A

B

B

B

B

B

B

Figure 3a. The percentage of shrimp with black gill by month from 1996-2014 (primary y-axis; green bars). The numbers of shrimp
caught during that time frame are also shown (secondary y-axis; black line). The different letters indicate the months when the
percentages of shrimp with black gill were statistically different from each other. A p-value from the Tukey test shows whether the
percentages of shrimp with black gill by month were statistically different. Shrimp were observed from 12 stations located in
authorized Georgia commercial food shrimp trawling areas (from the edge of the sounds to 3 miles offshore) by the Georgia
Department of Natural Resources (GADNR) during their monthly Ecological Monitoring Trawl Surveys (EMTS). Each trawl was 15
minutes.
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Figure 3b. The percentage of shrimp with black gill by month from 1996-2014 (primary y-axis; white bars). The numbers of shrimp
caught during that time frame are also shown (secondary y-axis; black line). The different letters indicate the months when the
percentages of shrimp with black gill were statistically different from each other. A p-value from the Tukey test shows whether the
percentages of shrimp with black gill by month were statistically different. Shrimp were observed from 12 stations located in
authorized Georgia commercial food shrimp trawling areas (from the edge of the sounds to 3 miles offshore) by the Georgia
Department of Natural Resources (GADNR) during their monthly Ecological Monitoring Trawl Surveys (EMTS). Each trawl was 15
minutes.
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Figure 4. The percentage of shrimp with black gill by year from 1996-2014 (primary y-axis; white bars). The numbers of shrimp
caught during that time frame are also shown (secondary y-axis; black line). Shrimp were observed from 12 stations located in
authorized Georgia commercial food shrimp trawling areas (from the edge of the sounds to 3 miles offshore) by the Georgia
Department of Natural Resources (GADNR) during their monthly Ecological Monitoring Trawl Surveys (EMTS). Each trawl was 15
minutes.
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Figure 5. The percentage of shrimp with black gill by month during the indicated shrimping season
from 1996-2015. A maximum of 30 shrimp were assessed for black gill during each trawl. Only the
months where shrimp with black gill were collected are shown. Each bar indicates the number of
shrimp that were collected that month, and the black portion of the bar shows the number of those
shrimp that were infected with black gill. The percentages of those shrimp that were infected with
black gill are indicated. Shrimp infections were not seen during months outside of the shrimping
seasons. The earliest occurrence of black gill was documented in December of 1996 (n=2). No shrimp
with black gill were collected from January 1997- May 2002. Data was not collected on January 2015.
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Number of Shrimp Collected

N

Station

0

2000

Wassaw Sound A

11.8%

Wassaw Sound B

9.5%

Ossabaw Sound A

7.1%

Ossabaw Sound B

5.9%

Sapelo Sound A

8.2%

Sapelo Sound B

7.5%

St. Simons Sound A

6.7%

St. Simons Sound B

6.9%

St. Andrews Sound A

7.3%

St. Andrews Sound B

8.4%

Cumberland Island A

6.7%

Cumberland Island B

6.8%

4000

6000

8000

10000

12000

14000

16000

Assessed

Figure 6a. The number of shrimp collected by GADNR (white) and assessed for the black gill infection (grey) from 1996-2014. The
percentage of the assessed shrimp that had black gill at each station are indicated within the grey bars. A maximum of 30 shrimp were
assessed for black gill during each trawl. The locations are oriented from north to south with Wassaw Sound A being closest to South
Carolina and Cumberland Island B being closest to Florida (Table 1 and Figure 2). “A” and “B” sites were not uniformly distributed
among each sound, but site “A” denoted the northernmost site. These stations were located in authorized Georgia commercial food
shrimp trawling areas (from the edge of the sounds to 3 miles offshore).
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N

Figure 6b. The number of shrimp collected by GADNR (grey bars) and percentages of
shrimp that were infected with black gill at each station during the 2014-2015 shrimping
season. A maximum of 30 shrimp were assessed for black gill during each trawl. The
stations are oriented from north to south with Wassaw Sound A being closest to South
Carolina and Cumberland Island B being closest to Florida (Table 1 and Figure 2). “A”
and “B” sites were not uniformly distributed among each sound, but site “A” denoted the
northernmost site. These stations were located in authorized Georgia commercial food
shrimp trawling areas (from the edge of the sounds to 3 miles offshore). A p-value from
the Tukey test shows whether the percentages of shrimp with black gill by month were
statistically different.
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Figure 7. The percentage of shrimp with black gill by month at the 12 Georgia Department of Natural Resources (GADNR) Ecological
Monitoring Trawl Survey (EMTS) stations located in authorized commercial food shrimp trawling areas (from the edge of the sounds to 3 miles
offshore). A maximum of 30 shrimp were assessed for black gill during each trawl. Shrimp were observed monthly from 1996-2014. Samples
were not collected January 2015. Only the months where shrimp with black gill were collected are shown for each station. Each bar indicates the
number of shrimp that were collected that month, and the black portion of the bar shows the number of those shrimp that were infected with black
gill. The percentages of those shrimp that were infected with black gill are indicated. Shrimp infections were not seen during months outside of
the shrimping seasons.
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Figure 8. The percentage of each shrimp species that was assessed from 1996-2014. The percentage of each shrimp species that was
infected with black gill is indicated above each bar. A maximum of 30 shrimp were assessed for black gill during each trawl. Shrimp
were observed from 12 stations located in authorized Georgia commercial food shrimp trawling areas (from the edge of the sounds to
3 miles offshore) by the Georgia Department of Natural Resources (GADNR) during their monthly Ecological Monitoring Trawl
Surveys (EMTS). Each trawl was pulled for 15 minutes. A p-value from the Tukey test shows whether the percentages of shrimp with
black gill by month were statistically different.

61

Number of Respondents

9a.
20
15

9b.

n=46

𝑥̅ =54±10.9

13%

87%

10

n=46

5
Male

Female

0
20

30

40

50

60

70

Age

9d.

9c.

23%

35%

2%
65%

75%
n=43

n=43
Captain

Striker

Number of Respondents

9e.
15
10

State

Federal

Both

9f.

n=46
𝑥̅ =31±16.4

31%
69%
n=45

5
Full-time

Part-time

0
1

10

20 30 40 50
Years Shrimped

60

Figure 9. Demographics of the mailed questionnaire participants who indicated that they
were commercial shrimpers who trawled for food shrimp in Georgia. Survey questions
can be found in Appendix C: Section B. 9a. Survey respondent age groups (Question 1).
The lowest age for each response category is given. 9b. Gender of the survey respondents
(Question 2). 9c. The shrimping roles of the survey respondents (Question 4). 9d.
Percentage of shrimpers with a state license, federal license, or both (Question 5). 9e. The
number of years shrimper respondents shrimped within the state waters of Georgia
(Question 6). 9f. Survey participants indicated whether they were full-time or part-time
shrimpers (Question 3).
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Figure 10. Observations of shrimp with black gill by respondents who were Georgia
commercial food shrimpers. Survey questions can be found in Appendix C: Section B.
10a. Shrimpers indicated whether they had seen shrimp with black gill (Question 1a).
10b. Shrimpers indicated the first year they saw shrimp with black gill (Question 1b).
10c. Shrimpers indicated whether they noticed the number of shrimp with black gill
increase, stay the same, decrease, or vary year to year since the first year they saw black
gill (Question 2a). 10d. Shrimpers stated whether they saw more black gill within a
particular shrimp species (Question 4). 10e. Shrimpers indicated whether they saw more
black gill in white or brown shrimp (Question 4b). 10f. Shrimpers indicated whether they
related black gill with smaller sized shrimp (Question 11). 10g. Shrimpers answered
whether they related black gill with shrimp that were less active (Question 12).
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Figure 11. Shrimpers indicated the month during the 2014-2015 shrimping season when they observed the highest percentage of
shrimp with black gill (Appendix C: “How much black gill have you seen” chart). Forty shrimpers responded to this portion of the
survey, but indicated more than one month where they observed the highest percentage of shrimp with black gill.
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Figure 12. Shrimpers indicated the areas during the 2014-2015 shrimping season where they observed the highest percentage of
shrimp with black gill (Appendix C: “How much black gill have you seen” chart). Forty shrimpers indicated where they shrimped
during this shrimping season (black bars) and the highest percentages of shrimp with black gill that they observed. The map to the
right shows where these areas are located.
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CHAPTER 2
Shrimper responses to black gill in shrimp and their experiences with producing and
marketing infected shrimp
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ABSTRACT

The shrimp infection, commonly referred to as “black gill,” is a disease that many
have contributed to the loss of shrimp landings along the Atlantic Coast of the United
States. Caused by a parasitic ciliate that lives under the gills of shrimp, it has been
observed in South Carolina between August and October, a period which overlaps with
the state offshore shrimping season in Georgia (potentially May 15-December 31;
possibly extended into January or February). The infection does not cause shrimp
mortality directly; however, it impairs respiration and reduces the energy output of
shrimp. This makes shrimp more vulnerable to predation and environmental conditions
such as extreme temperature fluctuations. Still, shrimpers have reported catching dead
shrimp. Shrimp fatalities due to black gill may affect the ability of shrimpers to catch
enough shrimp to make a profit. Alternatively, infected shrimp that are caught alive may
have a black discoloration caused by the parasite that may make the shrimp product less
marketable if consumers are not accustomed to seeing the discoloration. Shrimp fishers
may then choose to take the heads off of shrimp in a process known as “heading” before
selling them to markets or may sell shrimp as is. Heading represents more effort on the
part of shrimp fishers, whereas selling shrimp as is leaves the task to retailers. This extra
effort may affect overall cost for the shrimper or the final market pathway to sell their
catch. The attitudes and behaviors of shrimp fishers needs to be understood to
characterize potential uncertainties that may result due to the occurrence of black gill.
The objective of this study was to assess whether the presence of the disease was a factor
that impacted the production and marketability of shrimp that resulted in socioeconomic
consequences for shrimpers. In this study, 46 Georgia commercial shrimp trawlers were
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surveyed for their perceptions and behavior related to their experiences with black gill.
The expected outcome of this study was an assessment of how black gill infections
impacted production costs, processing methods and the marketability of shrimp for
shrimpers, as well as addressing the implications that black gill infections have on the
future of shrimping in Georgia.
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INTRODUCTION
Shrimp was the most consumed seafood item in the United States from
2004-2012 (NFI 2014). Kinnucan et al. (1993) observed the consumer
preferences of U.S. residents for seafood items, in which the average for the
greater preference increased on a scale of 0 to 1. Consumers of various
demographics and income groups preferred to purchase shrimp (0.5386) over
lobster (0.2225), catfish (0.1717), cod (0.0917), flounder (0.0961), scallops
(0.0981) and salmon (0.0831) despite the cost of shrimp (Kinnucan et al., 1993).
Fishing effort for shrimp has decreased in Georgia in recent years. For a
fishery to be economically viable, sufficient quantities of fish must be landed over
the course of the season to support shore-side infrastructure (Sainsbury 1971).
However, the landings of shrimp for food in Georgia have declined from
7,255,073 lbs in 1995 to 2,775,605 lbs in 2011 (using all gear types) (GADNR
2012). The number of trawling vessels licensed for commercial fishing for food
shrimp in Georgia has declined as well from 1,471 licenses in 1979 to 253
licenses in 2014 (GADNR 2013c; Jackson, pers. observation). The actual number
of persons shrimping in Georgia is unknown, but the reduction in licensed
shrimping vessels may signify a reduction in shrimpers. Despite potential social
reasons that may have caused the reduction in shrimp landings and licensed
vessels (i.e. generational shifts from this trade), economic reasons may be
increased fuel costs, disease, and competition with cheap imported shrimp. These
factors in-turn have led to a reduction in fishing effort (SCDNR 2006; Jackson,
pers. observation).
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The shrimp infection, commonly referred to as “black gill,” is a disease that may
have contributed to the loss in shrimp landings in the southeastern United States
(PRAISE 2002; SCDNR 2012; Jackson, pers. observation). Along the Atlantic Coast of
the U.S., the black gill disease in commercial shrimps is caused by a single celled
organism, an apostome (SCDNR 2012). The apostome is a ciliate under the order
Apostomatida and the family Foettingeriidae, but the genus of this species is unknown
(Couch 1978). Shrimp mortality is not caused directly by black gill; however, it does
impair respiration in shrimp (SCDNR 2012; Couch 1978), and consequently, reduces the
energy output of shrimp. Reduced energy output makes shrimp more vulnerable to
predation and environmental conditions such as extreme temperature fluctuations
(SCDNR 2012; Lafferty and Kuris 1999). Shrimp fatalities due to black gill may affect
the ability of shrimpers to catch enough shrimp to make a profit. Consequently, shrimpers
are impacted economically when an increase in shrimping effort results in a decrease in
pounds of shrimp caught. A fisherman in a news report mentioned that he did not make
enough money during the 2013 state offshore shrimping season to get through the winter
and could hardly pay a month of bills because of black gill (McLeod 2013).
There is no evidence that the parasite affects humans who consume the shrimp,
but the parasite may make the shrimp appear less appetizing. Infections that alter the
flesh of fish such as black gill in shrimp can cause retailers, wholesalers, and consumers
to reject the seafood product (Kent and Fournie 1993). Therefore, shrimpers may have to
head 2 their shrimp before selling to markets and patrons. This represents more effort on
their part, which can incur a cost. The alternative is for fishermen to sell the shrimp as is

2

To “head” shrimp means to remove the heads of shrimp.
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and retailers may have to process them differently. Additionally, if local markets are not
accepting shrimp from local shrimpers because they have black gill, then shrimpers may
have to find another method to sell their shrimp product. Shrimp fishers may have to find
another market to sell their shrimp, sell shrimp to consumers directly, or possibly take an
economic loss.
A preliminary study was conducted to assess whether the appearance of black
gills in shrimp prevented seafood markets from buying shrimp from local fishers in
Chatham County, GA. Eight markets were surveyed in November 2013. Only one
merchant was interviewed from each market (n=8). Seventy-five percent of the merchants
were aware of black gill (n=6). Two of those merchants stated that they had accepted
shrimp with black gill. Two other merchants who were aware of black gill received
shrimp both headless and pinched the heads off themselves. Four of the merchants who
heard of black gill received shrimp headless (one received both headless and whole) and
said that shrimpers have not brought them shrimp with black gill and therefore were not
receiving shrimp with the infection; two of those merchants sold more domestic shrimp
than imported shrimp. If shrimpers sold headed domestic shrimp to two seafood markets,
then the retailer may not have been aware that they were receiving shrimp with black gill.
Failed attempts at selling shrimp with visible black gill in the past may have caused
shrimpers to have a negative perception of black gill in shrimp (Thompson et al. 2000;
Manfredo 2008). Shrimpers will likely choose a processing method that they believe will
be most efficient in response to their shrimp having black gills. They may be pinching the
heads off shrimp that have black gill and not removing the heads of shrimp that do not
have black gill for their own economic benefit. Shrimp fishers may also remove the
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heads of all the shrimp. The amount of time needed to pinch the heads off shrimp may
result in less time allotted to catching shrimp. Therefore, shrimpers may catch less
shrimp and make less money when high quantities of shrimp are infected with black gill.
Once harvested, locally caught shrimp (parasitized or nonparasitized) may reach
the consumer market by various methods. Shrimp fishers may sell their seafood directly
to local seafood markets. Shrimpers may also sell their shrimp to dealers who sell shrimp
to local seafood markets that sell to consumers. Transactions may also occur between
shrimpers and the consumer directly.
In this study, marketability was used to describe the ability of shrimp fishers to
sell shrimp to patrons (i.e. seafood markets and consumers). The appearance of shrimp
with black gills may alter the marketability of shrimp. The black discoloration at the gills
may discourage patrons from purchasing the shrimp product. This may encourage
vendors to purchase more imported shrimp. Therefore, Georgia shrimpers may have to
head the shrimp before selling to patrons (representing more effort). Even before
reaching the market, shrimpers may have to expend more money in crew costs by paying
crew to head the shrimp before selling them.
Many news sources have reported on the issue of black gill disease in Georgia
(McLeod 2013; Landers 2013; Hall 2013; Caldwell 2013; Rand 2014; Fakour 2010).
However, research has not been conducted on the socioeconomic impact of this disease
on shrimpers in Georgia. The objective of this study was to determine if the presence of
the black gill disease had a socioeconomic effect on shrimpers, by impacting production
costs and the marketability of shrimp. Marketability is the degree to which the shrimp
were readily salable by commercial shrimpers to patrons.
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Hypotheses
Ho: Shrimpers are not affected socioeconomically by black gill.
Ha: Shrimpers are affected socioeconomically by black gill.
Sub-hypotheses:
1. Ho: The presence of black gill does not impact the production cost of shrimp.
Ha: The presence of black gill impacts the production cost of shrimp.
2. Ho: The presence of black gill does not impact the marketability of shrimp.
Ha: The presence of black gill impacts the marketability of shrimp.

MATERIALS AND METHODS
Qualitative Methodology
Various methods can be used to collect information about groups of people,
including face-to-face interviews, telephone interviews, and self-administered
questionnaires. However, each method has advantages and disadvantages. Face-to-face
interviews are the most versatile method and allows researchers to observe the reactions
of respondents, and to direct the interview accordingly (Dillman 1978). Sample size and
geographic location of the respondents are major factors that determine the amount of
time that is spent conducting face-to-face interviews. If a large sample of people is not
within close proximity of each other, then substantial time and money may be used to
reach participants. Telephone interviews may closely be defined as a face-to-face
interview by telephone (Dillman 1978). This interviewing method is one of the fastest
modes to reach more people within a short amount of time (Dillman 1978). The success
of this technique is dependent on the ability of the respondent to comprehend and
remember the question being asked to provide a relevant answer (Dillman 1978). The
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researcher cannot rely on physical clues of the respondent to determine whether the
respondent understands the question (Dillman 1978). The benefit of both face-to-face and
telephone interviews is that respondents seldom end an interview once it has started
(Dillman 1978).
Self-administered questionnaires can be administered to survey
participants in-person, by mail, or via email, which the respondent completes on
their own. The use of a self-administered questionnaire allows the respondent to
be in control of the pace with which they answer the questions (Dillman 1978).
Self-administered questionnaires that are mailed or emailed are ideal for reaching
persons who are not accessible for extended periods of time (Dillman 1978).
However, the respondent must follow directions and comprehend the question
without the aid of an interviewer (Dillman 1978). Paper surveys could be lost by
the potential respondent or other persons handling the forms.
Several factors can influence the response rate of surveys. Feveile et al. (2007)
conducted a study to compare mailed questionnaires and telephone interviews for an
epidemiologic study. The questionnaire administered was 27 pages long and contained
257 items that included sensitive questions of health, behavior and self-assessment
(Feveile et al. 2007). The telephone interview, which had similar questions as the mailed
questionnaire, typically required 30-45 minutes to complete. The response rate for the
mailed questionnaire was similar to that of the telephone interview (p=0.26; 58.1% and
56.2%, respectively) (Feveile et al. 2007). Therefore, the length of either survey method
may not impact the response rate (Dillman 1978). However, the name being used to send
the survey may influence the response rate (Dillman 1978). The Texas Parks and Wildlife
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Department conducted a study on “the economic health of the shrimp industry”, which
involved collecting social and economic perspectives from commercial shrimp fishers
and dealers (Anderson and Ditton 2002). Mailed questionnaires were distributed to all
licensed Texas shrimp fishermen (n=2,309 individuals) (Anderson and Ditton 2002).
However, few shrimpers responded with usable surveys potentially because of their lack
of trust in government funded programs, which resulted in a low response rate (19%)
(Anderson and Ditton 2002). Displayed logos of controversial affiliations (i.e.
governmental) could also discourage the responsiveness of people for conducting face-toface interviews (Hoskins, pers. communication).
Mailed questionnaire, face-to-face and telephone interviewing methods were
piloted prior to mailing the final shrimper survey. Demographic data on each pilot
respondent was recorded in Table 1. NVivo qualitative data analysis software (Version
10) was used to identify themes among the open-ended survey responses and additional
participant comments. For this study, the pilot was used to identify methods for heading
shrimp (Table 2), how black gill impacted production costs (Table 3), how black gill
impacted the marketability of shrimp (Table 4), and how black gill impacted shrimpers
socioeconomically (Table 5). As a result of the pilot, some questions were revised and
others were removed. Some opinion and behavior based questions were reduced from the
final mailed questionnaire. To reduce the complexity of the survey, questions that
directed respondents to answer an additional subset of questions because they answered
the original question in a certain way were used sparingly. The mailed questionnaire
method was selected for surveying shrimpers because only about 20% of shrimper
telephone numbers from the GADNR list of persons with vessels licensed for commercial
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shrimping in Georgia were operable (Lisa Liguori, personal communication, 2014). The
mailed questionnaire method was also useful for reaching shrimpers who were not
accessible for extended periods of time, whether during or outside of the shrimping
season.

Mailed Questionnaire Population
GADNR provided two address lists available for public use, neither of which
contained the actual number of Georgia licensed commercial shrimpers in Georgia. Two
shrimpers who were interviewed during the pilot study were not found on either list,
meaning that the lists provided a slight underestimate of the target population. One list
contained the addresses of 279 persons with vessels licensed for commercial shrimping in
Georgia. The disadvantage of using this list was that not all shrimpers were vessel
owners, and not all vessel owners were shrimpers. This list was a greater underestimate
of the target population. The second list contained the addresses of 1,254 persons with
Georgia commercial fishing licenses as of September 2, 2014. This list more closely
encompassed the target audience. Therefore, the most ideal method to reach as much of
the target population was to mail questionnaires to all persons with Georgia commercial
fishing licenses. A list updated near the end of the shrimping season was available, but
was not used because most shrimpers would have applied for a license by September 2,
2014 (Julie Califf, personal communication, September 24, 2015).
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Shrimper Survey on Black Gill
Personalized selection letters were sent on February 24, 2015 to alert fishers that a
mailed questionnaire would be sent to them in the following weeks (n= 1,254) (Appendix
A). Seventy-eight selection letters were returned primarily due to inaccurate mailing
addresses. Thirty-eight selection letters were re-mailed after the correct addresses were
found. Mailed questionnaires were mailed to 1,196 fishers on July 23, 2015.
The survey package contained a personalized cover letter (Appendix B), the
questionnaire (Appendix C), and a return envelope. The Shrimper Survey on Black Gill
mailed–questionnaire contained 39 items that were divided into 16 questions (Appendix
C). To distinguish shrimpers from non-shrimpers, the first question of the mailed
questionnaire asked the participant if they were a shrimper. Instead of discouraging nonshrimpers from returning the survey, asking this question provided information on what
proportion of the mailing list constituted shrimpers and non-shrimpers. Questions 2b-3c
and 5a-10 within the survey (Appendix C: Section A) addressed topics of processing
methods, production costs, and marketability, which were discussed in this study.
Confidence intervals were created to describe means for the shrimping population with
regards to their age (Question 1; Appendix C: Section B), the number of years they had
been shrimping in the state waters of Georgia (Question 6; Appendix C: Section B), the
percentage that shrimping contributed to their household income (Question 8; Appendix
C: Section A), their belief of how much black gill increased the cost of harvesting shrimp
(Question 2g; Appendix C: Section A), and the number of years they would continue
shrimping because of black gill (Question 9b; Appendix C: Section A).
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RESULTS
Two different sets of pseudoreplicates were identified within the sample and were
removed. Both comprised Georgia commercial shrimp trawlers. One set consisted of a
male and female who had the same address and identical responses. While there were
slight differences in their open ended and demographic responses, the male was selected
to represent that household because he was the active shrimper. The other set of
pseudoreplicates consisted of two males living in the same household who responded
similarly. The oldest male was selected to represent that household.
Of the 1,196 surveys that were mailed, 125 usable surveys were completed and
returned (10.5% of the surveys mailed), excluding the two pseudoreplicates who were
removed from the sample. An additional forty-two survey packages were returned to the
investigator by the post office because of inaccurate mailing addresses. Among the usable
surveys, 93% of the participants indicated whether they were or were not shrimpers
(n=117). Thirty-nine percent of the survey participants were commercial shrimpers who
trawled for food shrimp in Georgia (n=46) and 61% of the participants were not (n=71).
Some participants who were not commercial shrimpers indicated that they were bait
shrimpers, cast-netting shrimpers, freshwater fishers, catfish fishers, and blue crab
fishers. Of the 45% of participants who responded that they observed black gill (n=57),
89% of the participants said “yes” (n=51) and 9% of the participants said “no” (n=5).

Commercial Food Shrimper Respondents
The average shrimper age was 54, with the minimum age being 29 and the
maximum age being 77 (Figure 1a). A majority of the participants were males (87%,
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n=40), and 13% of the participants were females (n=6) (Figure 1b). Over half of the
shrimpers were boat captains (65%, n=28), and 35% of the shrimpers were strikers
(n=15) (Figure 1c). Most of the respondents were licensed to shrimp in both state and
federal waters (75%, n=32) (Figure 1d). The average number of years the respondents
shrimped in the state waters of Georgia was 31years (min=2 years, max=60 years)
(Figure 1e). Most of the respondents were full-time shrimpers (69%; Figure 1f).

The Impact of Black Gill on Production Costs
More than half of the shrimpers related seeing higher amounts of black gill to
increased time spent at sea catching shrimp (66%, n=27) (Figure 2a) and trawling for
shrimp (67%, n=27) (Figure 2b). Shrimpers also related an increase in black gill to
increased fuel used during shrimping trips (65%, n=26) (Figure 2c) and cost of harvesting
shrimp (73%, n=29) (Figure 2d). On average, shrimpers indicated that the cost of
harvesting shrimp increased by 40% (Figure 2e).

Processing Methods
Ninety-five percent of the shrimpers indicated that they headed shrimp before
selling them (n=35) (Figure 3a), and of these, over half of the respondents answered that
they headed their shrimp often (59%; n=22) (Figure 3b). More than half of the shrimpers
mentioned that they related an increase in black gill to an increase in time spent
processing shrimp (59%, n=26) (Figure 3c). However, more shrimpers indicated that they
removed the heads of shrimp if they were able to gain a better price for the headed
shrimp (n=18) than due to the appearance of black gill (n=9) (Table 7). Shrimpers also
stated that they removed shrimp heads to prevent the shrimp from decomposing quickly
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in order to keep shrimp fresh longer (n=7) (Table 7). Eighty-nine percent of the shrimpers
threw the removed shrimp heads over board (n=33) (Figure 3d).

The Impact of Black Gill on Marketability
Marketability is the ability of shrimpers to sell their shrimp to patrons. Most of
the shrimpers attempted to sell head-on shrimp with black gill visibly showing (73%,
n=27) (Figure 4a). Forty-one percent of the shrimpers who tried to sell shrimp with
visible black gill indicated that their shrimp with black gill was rejected by customers or
fish houses (n=12) (Figure 4b). More than half of the respondents indicated that their
shrimp with black gill was accepted with visible black gill (59%, n=17) (Figure 4b).
Seventy-four percent of the respondents indicated that neither they nor crew members
tried to sell shrimp with black gill to a customer who initially rejected their shrimp with
black gill (n=20) (Figure 4c). Seven respondents indicated that either they or crew
members attempted to sell headed black gill shrimp after a customer initially rejected
their shrimp with visible black gill (26%) (Figure 4c). More respondents answered that
the customer accepted the shrimp with black gill that were headless after the customer
initially rejected their visible black gill shrimp (n=13, 93%) (Figure 4d). Only one
respondent indicated that the customer did not accept the headless shrimp (Figure 4d).

The Impact of Black Gill on Shrimpers
The majority of the shrimpers indicated that getting rid of black gill was very
important to them (97%, n=36) (Figure 5a). Over half of the respondents perceived that
black gill impacted their ability to contribute to their household income to a great extent
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(70%, n=32) (Figure 5b). On average, shrimpers stated that shrimping contributed to 69%
of their household income (Figure 5c).

Implications on the Future of Shrimping in Georgia
More than half of the shrimpers stated that they would quit shrimping if the
number of shrimp with black gill continued as they had observed it thus far (74%, n=32)
(Figure 6a). On average, shrimpers stated that they may continue shrimping for 4.86
years because of black gill (Figure 6b). Over three-fourths of the shrimpers would
consider discouraging future generations from shrimping if black gill continues as they
have observed currently (78%, n=36) (Figure 6c).

Shrimping Population
There is a 95% probability that sample means calculated from the shrimper
responses can be used to describe the Georgia commercial food shrimping population
(α=.05). Based on observations made about the shrimper respondents, the average age of
the Georgia commercial food shrimping population was between 51 and 57 (α=.05). The
average number of years this population may have shrimped in Georgia was 31 years
(95% confidence interval ±4.7 years). Shrimping may contribute to 69% (95%
confidence interval ±9%) of the population’s household incomes. On average, shrimpers
may believe that the cost of harvesting shrimp increased 50% (95% confidence interval
±9%) because of an increase in black gill infections. The average shrimper may continue
shrimping for 4.86 years (95% confidence interval ±2.26 years) if black gill infections
persist.
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Nonshrimper Respondents
Respondents who responded “no” or did not answer the initial survey question
“Are you a commercial shrimper who trawls for food shrimp” were grouped into this
nonshrimper category. Some of the respondents may have fit within the target population,
but because they did not respond to this question, they were classified as nonshrimpers.
Those who responded “no” to the initial question were asked to discontinue the survey,
but some of the nonshrimpers chose to answer select questions and made their responses
applicable to their form of shrimping or fishing. Some of the nonshrimper respondents
indicated that they were bait shrimpers, cast-netting shrimpers, freshwater fishers, catfish
fishers, and blue crab fishers. On average, the respondents shrimped for less years than
shrimpers within the target population (17 and 31 years, respectively). Most of the
respondents did not rely on shrimping as much as the shrimpers within the target
population. On average, shrimping contributed to 31% of the respondents’ household
incomes (n=7). Only one respondent stated that shrimping contributed to more than 90%
of their household income. Black gill in shrimp did not impact these respondents as much
as respondents within the target population. Respondents indicated that black gill
impacted their ability to contribute to their household income to a great extent (n=1),
somewhat (n=2), very little (n=1), and not at all (n=4). A majority of the respondents did
not relate higher amounts of black gill to increased production costs (i.e. increased time
spent at sea, trawling for shrimp, fuel used, time processing shrimp, and cost of
harvesting shrimp). If black gill continued as they had observed it so far, 83% of the
respondents would continue shrimping. Nonshrimper participants made similar
observations of black gill infections as observed by the shrimp trawlers and GADNR.
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Two respondents noticed black gill in white shrimp just as shrimp trawlers and GADNR
observed. The majority of the nonshrimpers also related black gill with less active shrimp
(n=4 out of 5) as did shrimpers.

DISCUSSION
Commercial Food Shrimper Responses
Most shrimpers were over the age of 50 (n=34) (Figure 1a), and 60% of the
respondents shrimped for more than 30 years. Therefore, the majority of the responses
were largely influenced by the older generation of shrimpers, especially those who
shrimped for most of their lives. This older generation may have maintained a longer
mental record of the history of shrimping and black gill infections (Figure 1e). When
describing the number of years they shrimped in Georgia (Figure 1e), some shrimpers
included their adolescent years before shrimping was considered their occupation. These
respondents potentially had a greater dependency on shrimping as a source of income for
most of their lives (Figure 1e), and may have represented a portion of the shrimping
population who were at a greater risk of being impacted by black gill infections. The
actual number of commercial shrimpers who trawl for food shrimp in Georgia is
uncertain. However, a retired Georgia shrimper interviewed by telephone during the pilot
survey indicated that there may be about 100 shrimpers within the target population.
Therefore, it is possible that a little less than half of the target population responded to
this survey (n=46 respondents). Additionally, since 77% of the respondents had federal
permits (n=33), and 79 federal permits were issued to shrimpers in Georgia by December
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of the 2014-2015 shrimping season, then 42% of the federally permitted shrimpers were
reached during this study (Liese, personal communication).

The Impact of Black Gill on Production Costs
Shrimpers related seeing higher amounts of black gill to increased time spent at
sea catching shrimp and trawling for shrimp (Figure 2a and 2b, respectively). Some
shrimpers commented that they have collected shrimp with black gill that have “hit the
deck dead” (Appendix C: Section A: Question 13). When shrimpers collect dead shrimp,
they may have to spend more time at sea trawling for live shrimp. Activating the trawl
net causes a drag on the boat and requires the use of more fuel. A majority of the
shrimpers related seeing higher amounts of black gill to increased fuel used for shrimping
(Figure 2c). Deploying additional trawls to counteract catching dead shrimp incurs
increased fuel costs. Increases in fuel cost have been observed as a potential factor
contributing to the reduction of fishing effort (SCDNR 2006; Jackson, pers. observation).
Overall, shrimpers related seeing higher amounts of black gill to increased costs of
harvesting shrimp. Shrimpers indicated that the cost of harvesting shrimp increased on
average by 40% (Figure 2f).

Processing Methods and Black Gill
Over half of the shrimpers indicated that they removed the heads of shrimp often,
though more shrimpers stated that they removed the heads of shrimp to gain a better price
for their shrimp product rather than to remove the appearance of black gill. However,
more than half of the respondents stated that they have removed the heads of shrimp with
black gill in order to sell their shrimp to patrons who originally rejected their shrimp with
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visible black gill (Figure 4c). Therefore, whether shrimpers have changed their
processing methods and applied more effort to removing the appearance of black gill
from their shrimp may only be used to represent a small percentage of shrimpers when
dealing with patrons who are not knowledgeable of black gill infections.
If the majority of commercial shrimpers in Georgia waters are throwing the heads
of shrimp overboard as did eighty-nine percent of the shrimpers interviewed in this study
(Figure 3d), then that processing method could have contributed to the spread of black
gill in Georgia. During a study at the Skidaway Institute of Oceanography (SkIO), when
the heads of shrimp with black gill were exposed to shrimp without the infection,
uninfected shrimp contracted the infection (Lee et al. 2014). Some shrimpers maybe
aware of this action, especially considering a shrimper initially asked the SkIO
researchers whether this action contributed to black gill infections, which started that
research. The majority of shrimpers maybe unaware of this action and should be
informed of how this processing method may impact their future harvest of shrimp, and
should be encouraged to use alternative methods of disposing the shrimp heads.
Shrimpers can wait until they reach shore to head shrimp, or hold the heads removed at
sea in a receptacle until they can trash them on shore.

The Impact of Black Gill on Marketability
Despite the black gill infection, a majority of the respondents have attempted to
sell shrimp with black gill visibly showing (Figure 4a). Some patrons have accepted
shrimp with black gill while others have not (59% and 41%, respectively) (Figure 4b).
Kent and Fournie (1993) observed that infections that alter the flesh of fish such as black
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gill in shrimp can cause patrons to reject the seafood product. During the preliminary
study used to assess whether merchants at seafood markets in Chatham County, GA
accepted local shrimp with visible black gill, merchants at two different fish houses stated
that they purchased shrimp with black gill. However, four merchants who heard of black
gill received shrimp headless (one received both headless and whole) and said that
shrimpers have not brought them shrimp with black gill and therefore they were not
receiving shrimp with the infection. Two of those merchants sold more domestic shrimp
than imported shrimp. By receiving headless shrimp, merchants may have unknowingly
accepted shrimp with black gill whether they were willing to accept infected shrimp or
not.
As the media normalizes the idea of black gill by keeping consumers informed of
the infections and constantly reassuring consumers that the infection has not been proven
to affect humans, more consumers and seafood houses may start accepting shrimp with
visible black gill in the future. In one of the Chatham County seafood markets that
accepted shrimp with black gill, a newspaper article was displayed to inform consumers
that farm raised shrimp from India were being impacted by a disease that was causing a
rise in the price of shrimp within the United States as well as within that store. Seafood
houses and consumers may become more accepting of change, whether in shrimp prices
or shrimp discoloration, if they are more aware of what is going on with their food.
Shrimpers who have had their shrimp product rejected because of visible black
gill may have developed negative feelings towards shrimp with this visible infection. A
majority of the shrimpers indicated that they related seeing higher amounts of black gill
with increased time spent at sea catching shrimp (Figure 2a), time trawling for shrimp

87

(Figure 2b), fuel used during shrimping trips (Figure 2c), and cost of harvesting shrimp
(Figure 2e). With the amount of time, money and effort that shrimpers put into catching
shrimp, shrimpers have to attempt to sell their product to earn a profit from their
investments, especially the 77% of shrimpers who rely on shrimping to support more than
half of their household income (Figure 5c). These considerations may have motivated the
shrimpers who removed the heads of shrimp with black gill to attempt to sell the headless
shrimp to customers who initially rejected the shrimp with visible black gill (74%)
(Figure 4c). A large percentage of shrimpers indicated that customers who initially
rejected shrimp with visible black gill accepted their headless black gill shrimp (93%)
(Figure 4d). Removing the heads of the shrimp may have encouraged customers to
believe that they were not receiving shrimp with black gill. Some customers might have
accepted visibly infected shrimp, but did not want to personally remove the heads of
infected shrimp for their own customers who may be alarmed by the discoloration. Data
suggested that it is less common for black gill infections to cause a rift in the business
relationship between shrimpers and their customers. Only one shrimper stated that a
customer who initially rejected their shrimp with black gill did not accept their headless
black gill shrimp (Figure 4d). The initial attempt in selling shrimp with black gill to the
customer may have caused distrust in the shrimper’s product, and that shrimper may no
longer be able to service that customer. Alternatively, the shrimper may have to sort
through their shrimp and only sell nonvisible black gill shrimp with their heads on to that
customer.
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Implications on the Future of Shrimping in Georgia
The reduction in landings of food shrimp in Georgia and the decline in the
number of trawling vessels licensed for commercial food shrimping maybe indicative of
the reduction in commercial shrimpers who trawl for food shrimp in Georgia. Seventyfour percent of the shrimper respondents stated that they would quit shrimping if black
gill continued as they had observed (Figure 6a). The majority of the shrimper respondents
were full-time shrimpers (69%) who shrimped in Georgia for more than 30 years (60%),
and were primarily over the age 50 years old (71%). Only one shrimper respondents was
under the age of 30. Eighty-four percent of the shrimpers indicated that they may quit
shrimping within 10 years (Figure 6b). It is inferred that the average shrimper within the
shrimping population may quit shrimping after 5 years (95% confidence interval ±2.3
years). If black gill is not mitigated, then the shrimp fishery in Georgia may collapse
within the next 3-10 years. A majority of the shrimpers stated that if black gill continues
as they have observed so far that that would be a reason for them to discourage future
generations from shrimping (Figure 6c). If a majority of the shrimpers decide to quit
shrimping and future generations are deterred from shrimping, then the economic
viability of the Georgia commercial shrimping industry may be at risk. Other factors that
may contribute to a decline in the Georgia shrimping industry may include increased fuel
costs, other shrimp diseases, and competition with cheap imported shrimp.
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Table 1. Demographic data of piloted survey respondents.
ID
#

Gender

Age

1

Male

61

2

Male

75

3

Male

41

4
5
6
7
8
9
10

Male
Male
Male
Male
Male
Male
Male

N/A
N/A
N/A
N/A
N/A
N/A
58

11

Male

53

Qualifying
Affiliation
Shrimper/Boat
Captain
Boat Captain
Part-time
shrimper/striker &
dock owner
Retired Shrimper
Fisherman
Fisherman
Shrimper
Shrimper
Shrimper
Retired Shrimper/
Current Boat
Captain
Retired SC
Shrimper/ Current
GA Boat Captain

Shrimping
Experience
(yrs)
42
Observing
4 yrs
22

Survey Method

Mailedquestionnaire
Mailedquestionnaire
Mailedquestionnaire

Location

Brunswick
Savannah
Savannah

N/A
N/A
N/A
N/A
N/A
N/A
1975-1981

Face-to-face
Face-to-face
Face-to-face
Face-to-face
Face-to-face
Face-to-face
Phone

Darien
Darien
Darien
Valona
Valona
Valona
Brunswick

N/A

Phone

Savannah
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Table 2. Shrimper responses to questions about their methods for heading shrimp that
were piloted in mailed-questionnaires and during face-to-face and telephone interviews.
Question
7a. Are the heads taken off of
shrimp with black gill
7b. Are the heads of shrimp with
black gill thrown overboard
(circle one)?
7c. How much are dealers
charged when the heads of shrimp
with black gill are removed?
7d. Does the price that dealers are
charged reflect the time it takes to
remove the heads of shrimp with
black gill
7e. Heads are taken off of:
7f. If you answered “all
shrimp” to 7e, are the heads
taken of all the shrimp removed
because of black gill (circle one)?
7g. If you answered “only
shrimp with black gill” to 7e,
are the heads taken off of all the
shrimp if the following
percentages (25%, 50%, 75%,
100%) of the trawl catch is
infected with black gill (circle
Yes or No for each percentage)?
If you answered “No” to any of
the percentages in this question,
are all the shrimp with black gill
“Kept” or “Discarded” overboard
(circle one)? 25%, 50%, 75%,
100%
8. Do you see more of a particular
shrimp species infected with
black gill

1
Yes

2

ID #
3
Varies

Yes

Yes

No

No

All shrimp
No

Keep

Yes

Yes

93

10

11

Table 3. Shrimper responses to questions about whether or not black gill impacted their
production costs, which were piloted in mailed-questionnaires and during face-to-face
and telephone interviews.
Question
For questions 2b-2f. Have the
following increased because of an
increase in black gill (circle Yes
or No):
2b. Time spent at sea catching
shrimp
2c. Time trawling for shrimp
2d. Fuel used during shrimping
trips
2e. Time processing shrimp
2f. Cost of harvesting shrimp
2g. If you answered “Yes” to 2f,
how much has the cost of
harvesting shrimp increased
(circle one below)?

1

2
No

ID #
3

No
No

No
No

No

No
No

Yes
30-49%

94

10
No

11

Table 4. Shrimper responses to questions about whether or not black gill impacted their
marketability of shrimp, which was piloted in mailed-questionnaires and during face-toface and telephone interviews.
Question
6. If the following percentages of
live shrimp in your catch had
black gill, would you KEEP them
or DISCARD them (circle one)?
25%
50%
75%
100%
9a. Have you (or your crew
members) tried to sell shrimp
with black gill visibly showing
(circle one)?
9b. If “Yes” to 9a, what
percentage of patrons accepted
the shrimp with black gill
(circle one below)?
9c. If you answered “Some,
Half, or Most” to 9b, have you
(or crew members) ever removed
the heads of shrimp with black
gill and tried to sell them to a
patron who initially rejected your
shrimp with black gill (circle
one)?
9d. If you answered “Yes” to 9c,
did the patrons accept the
headless shrimp (circle one)?

1
Keep

2

ID #
3
Keep

Keep
Keep
Keep
Yes

Keep
Keep
Keep
Yes

Most
(75%)

All (100%)

No

95

10

11

Table 5. Shrimper responses to questions about whether or not black gill was impacting
them socioeconomically, which were piloted in mailed-questionnaires and during face-toface and telephone interviews.
Question
3a. ***Do you primarily consider
yourself a Full-time or Part-time
shrimper (circle one)?
3b. ***Have you always been a
Full-time/ Part-time shrimper
(circle one)?
3c. Has black gill influenced you
to change to part-time
employment?
10. ***How important is getting
rid of black gill to you (check one
box)?
11. ***How do you perceive
black gill impacts your ability to
contribute to your household
income
12. ***What percent does
shrimping currently contribute to
your household income (check
one box)?

1
Fulltime

2

ID #
3
Part-time

Yes

No

Yes

No

Important

Very
Important

To a Great
Extent

Very
Important
To a Great
Extent

10-29%

90%<

96

10

Very
Important

11
Yes

Importa
nt

Table 6. Themes that were identified during the pilot survey among the comments of shrimpers during face-to-face interviews,
telephone interviews, and the written responses given in the mailed-questionnaire.
Theme
Species Type

Sub-theme
Shrimp

Other

Shrimp
Infected with
Black Gill
Characteristics

Shrimp
Habitat and
Environmental
Characteristics

BG Parasite
references
Black gill
distribution

Explanation
Any reference to shrimp size, type, months or seasons
shrimp are caught, and the impact of black gill on any of
these variables.
Observing black gill in other species, and what
byproducts can be used for.
Explaining what the black gill parasite is

Terms
Small shrimp, white shrimp, brown
shrimp, July-Sept., Sept-Oct., fall

Sources
2

References
4

Crab, other creatures, cat food

4

4

Bacteria

1

1

Distribution from land to the ocean, states, counties

In the ocean, down the whole east
coast, Georgia, Carolina, St.
Mary’s Florida, Jacksonville,
Rockville, SC
Smaller, killing em, can’t breathe,
gills, dead, weaker, less active,
lethargic, stunted the growth,
mortality, size, larger
All of em, a little bit, it fluctuates,
years ago, increased

2

3

4

9

5

18

Ocean, sound, rivers, offshore
drought
Year(s), summer, fall, season,

1
2

1
6

Filth, rain, fresh water

2

3

Tide, stirred up, turn them

1

4

Behavior and
physical
attributes

Explaining effect of black gill on shrimp, where the
parasite is located on shrimp

Abundance

Commenting on how many shrimp have the black gill
infection (also %), where in Georgia shrimp with black
gill have been seen, month(s) see

black gill, when first saw black gill, specie
Location of shrimp, what occurs in the ocean and sound
Water Quality
Seasonality and
Months
Environmental
Change
Currents and
Tides

Environmental changes that may cause black gill and/or
kill shrimp
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Seasonal
Changes
Role

Gear and
Fishing
Technology

Fisheries
Management
Economics

Black Gill
Causes

Non-shrimping months, months see black gill, months to
catch shrimp, amount of shrimp being caught,
Shrimper
Processor

References to different shrimpers

Patrons
Manager or
Policymaker
Trawl
Boat, ships and
vessels

People being sold the shrimp

Regulations
Selling and
marketing the
catch
Earning,
Revenue, and
Profitability
Costs and
operating
expenses
Competition
SC Shrimp
Farm
Runoff
Closing of
Sounds

4

8

3
1

4
2

2
1

2
1

1
2

1
2

People in the office
Closing, 3 miles offshore
Got to head em, shrimp prices,
heads, head-on, head-off, market

1
2
5

1
2
6

Bad, dollars, won’t be enough,
money, cheapest, profitable,
landings, productions, price
Pay to tie up, charging to dock,
cents/lb

4

10

2

4

imports
Processing plants
Pond raised tiger shrimp

1
1
1

1
1
1

Runoff, rain
Closing, Sounds, open,

1
3

4
7

Little bo, cast netters
Fish house, processing plants,
market
People, fish houses, market
People in the office

Picture reference
Picture reference

Reference to consumers, value of shrimp, removing
heads

Effects of closing the sounds, before the sounds were
closed
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Table 7. NVivo qualitative data analysis software (Version 10) was used to categorize responses to the open ended question “If you
head your shrimp, why do you head them?” (Appendix C: Section A: Question 14).
Node

Sub-node1

No
Personal
Use
Marketing
Aesthetics
Black Gill

To Shrimp
Longer

To Keep
Longer/
Freshness
Transport
Better
Tradition

Subnode2

Explanation

Terms

Sources

References

Shrimper heads the shrimp for personal use.

“No”
“Home use”

1
1

2
1

0

0

1
1

2
7

1

4

1

18

1

1

1

4

1

7

1

1

1

1

Shrimpers head shrimp for various marketing
purposes.
Explanations that headed shrimp look better.
Comments that black gill makes shrimp look bad,
and thus they are headed.

Customer
Request

Customers request for shrimp heads to be removed.

More Money

Removing heads of shrimp brings more money.

Requirement

Required to remove the heads of shrimp.
Heads are removed to

increase the duration of shrimping trips.
Heads are removed to keep the shrimp longer.

“they look bad”
“rid of black gill”, “Black
gill…look terrible”, “looks
damaged”
“for the buyers”, “how most
buyers want them”, “customer
requests”
“better price per. Lb”, “More
money”, “for sales”, “sometimes
not worth the money to…head
them”
“if not sold within 24 hrs shrimp
are headed & frozen”
“stay at sea longer”, “stay out

Heads are removed to transport shrimp better

longer”
“to stay out longer, shrimp keep
better headed”, “freshness”,
“transport better”
“transport better”

Heads are still removed because of past tradition

“that is the way it was done”
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Number of Respondents

1a. 20

𝑥̅ = 54±10.9

15

1b.

n=46

13%

87%

10
5
Male
0
20

30

40

50

60

Female
n=46

70

Age

1c.

1d.
23%

35%

2%
65%

Captain

75%
State

Striker

Federal

1e.

Number of Respondents

n=43
15

10

n=43
1f.

n=46

𝑥̅ = 31±16.4

Both

31%
69%

5
Full-time
0
1

10

20
30
40
Years Shrimped

50

60

Part-time
n=45

Figure 1. Demographics of the mailed questionnaire participants who indicated that they
were commercial shrimpers who trawled for food shrimp in Georgia. Survey questions
can be found in Appendix C: Section B. 1a. Age ranges of the survey respondents
(Question 1). The lowest value for each response category is given. 1b. Gender of the
survey respondents (Question 2). 1c. The shrimping roles of the survey respondents
(Question 4). 1d. Percentage of shrimpers with a state license, federal license, or both
(Question 5). 1e. The number of years shrimper respondents shrimped within the state
waters of Georgia (Question 6). The lowest possible value for each response category is
given.1f. Survey participants indicated whether they were full-time or part-time
shrimpers (Question 3).
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2a.

2b.
33%

34%
66%

67%

Yes No
n=41

Yes

No
n=40

2d.

2c.
35%

28%
65%
72%

2e.

Number of Respondents

Yes No
n=40

Yes
12

No
n=40

n=30
𝑥̅ =50%±25%

10
8
6
4
2
0
0%

5% 20% 40% 60% 80% 95%
Responses

Figure 2. Respondents who were Georgia commercial food shrimpers indicated whether
or not black gill impacted their production costs. Survey questions can be found in
Appendix C: Section A. 2a. Shrimpers indicated whether they related seeing higher
amounts of black gill to increased time spent at sea catching shrimp (Question 2b). 2b.
Shrimpers indicated whether they related seeing higher amounts of black gill to increased
time trawling for shrimp (Question 2c). 2c. Shrimpers indicated whether they related
seeing higher amounts of black gill to increased fuel used during shrimping trips
(Question 2d). 2d. Shrimpers indicated whether they related seeing higher amounts of
black gill to increased cost of harvesting shrimp (Question 2f). 2e. Shrimpers indicated
how much they perceived that the cost of harvesting shrimp increased (Question 2g). The
midpoint values for the responses are given. Zero percent represents those who said that
they did not relate seeing higher amounts of black gill to increased cost of harvesting
shrimp from Question 2f.
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3b.

5%

95%

Yes

No

Number of Respondents

3a.

Often

n=37

3c.

n=37

24
22
20
18
16
14
12
10
8
6
4
2
0

3d.

Sometimes Rarely
Responses

Never

11%

40%
60%

Yes

89%

Yes No
n=37

No
n=42

Figure 3. Respondents who were Georgia commercial food shrimpers indicated their
methods for heading shrimp. Survey questions can be found in Appendix C: Section A.
3a. Shrimpers indicated whether they head their shrimp before selling them (Question
3a). 3b. Survey participants who head their shrimp before selling them indicated how
frequently they head their shrimp (Question 3b). 3c. Shrimpers indicated whether they
related seeing higher amounts of black gill to increased time processing shrimp (Question
2e). 3d. Shrimpers who head their shrimp before selling them indicated whether they
throw the removed head overboard (Question 3c).
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4a.

4b.
27%

41%
59%

73%

Yes

No

Yes

n=37

4c.

No
n=29

4d.

7%

26%
74%
93%

Yes

No

Yes

n=27

No

n=14

Figure 4. Respondents who were Georgia commercial food shrimpers indicated whether
or not black gill impacted their marketability of shrimp. Survey questions can be found in
Appendix C: Section A. 4a. Shrimpers answered whether or not they have tried to sell
head-on shrimp with black gill visibly showing (Question 5a). 4b. Shrimpers indicated
whether customers or fish houses refused to buy their head-on shrimp with visible black
gill (Question 5b). 4c. Shrimpers responded whether or not they or crew members ever
removed the heads of shrimp with black gill and tried to sell the headless shrimp to a
customer who initially rejected the shrimp with visible black gill (Question 5c). 4d.
Shrimpers indicated whether a customer who initially rejected shrimp with visible black
gill accepted headless black gill shrimp (Question 5d).
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5b.

n=37

40
35
30
25
20
15
10
5
0

Number of Respondents

Number of Respondents

5a.

n=46

35
30
25
20
15
10
5
0

Responses

Responses

Number of Respondents

5c.

n=46

20
15

𝑥̅ =69%±30%

10
5
0
5%

20% 40% 60% 80% 95%
Responses

Figure 5. Respondents who were Georgia commercial food shrimpers indicated whether
or not black gill was impacting them socioeconomically. Survey questions can be found
in Appendix C: Section A. 5a. Shrimpers responded how important getting rid of black
gill was to them (Question 6). 5b. Shrimpers indicated how they perceived that black gill
impacted their ability to contribute to their household income (Question 7). 5c. Shrimpers
specified the percentage that shrimping contributed to their household income at the time
the survey was taken (Question 8). The midpoint percentages for the responses are given.
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26%
74%

Yes

No

Number of Respondents

6b.

6a.

20

n=36
𝑥̅ =4.9±6.9

15
10
5
0
0 yrs.

n=43

5 yrs. 10 yrs. 15 yrs. 20 yrs.
Responses

`
6c.
22%

78%

Yes

No

n=46

Figure 6. Respondents who were Georgia commercial food shrimpers implicated how
black gill may impact the future of shrimping in Georgia. Survey questions can be found
in Appendix C: Section A. 6a. Shrimper participants stated whether or not they would
quit shrimping if the number of shrimp with black gill continued as they had observed
(Question 9a). 6b. Shrimpers who had considered quitting shrimping if black gill
continued as they had observed so far indicated the amount of years they would continue
shrimping because of black gill (Question 9b). The lowest value for each response
category is given. 6c. Participants indicated whether black gill at its current state would
be a reason for shrimpers to discourage future generations from shrimping (Question 10).
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APPENDIX A

2015

SSU Black Gill Shrimper Project

February 23, 2015
JOHN DOE
17 DUNCAN DR.
SAVANNAH, GA 31406
Dear JOHN DOE,
“Black gill” is a disease that many have attributed to the loss in shrimp landings in the
southeastern United States. In Georgia, this disease overlaps with the inshore shrimping season,
which may impact how fishermen process and market shrimp. Researchers are currently studying
what is causing this shrimp infection, but how this disease is impacting commercial shrimp
trawlers who catch food shrimp in Georgia is not being documented. In order to document the
opinions of shrimpers, Savannah State University is conducting a study to assess how black gill is
impacting this community. The study will focus on participants' attitudes, experiences, and
observations. We will require a high rate of survey responses to provide a thorough description of
the sentiments of Georgia shrimpers. This is a unique opportunity for everyone to be heard.
ALL persons who have a Georgia fishing license will be sent this survey within the following
weeks. If you are not a shrimper, please fill out the portion of the survey that asks if you are a
commercial shrimp fisherman who trawls for shrimp in Georgia.
Thank you for your assistance with this important study.

Sincerely,

K. Jackson
M.S.M.S. Candidate
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APPENDIX C

Shrimper Survey on
Black Gill

Savannah State University
3219 College St.
Savannah, GA 31404

This survey is for commercial fishermen who trawl for
food shrimp off the Georgia coast.
Your opinion is needed for addressing the effects of
BLACK GILL on shrimpers in Georgia!
All questions are relevant.
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Are you a commercial shrimper who trawls for food shrimp?
(circle one below)
Yes

No

If yes, please continue with this survey. If no, thank you for your time, and please return
this survey using the envelope provided.

A. Black gill/Shrimping Information
1a. Have you ever seen shrimp
with black gill?
(circle one)

1b. If “Yes” to 1a, during
which year did you first
see shrimp with black
gill?

Yes

No

________________

If “Yes” to 1a, please continue answering all questions.
If “No” to 1a, only answer questions with stars (***).
Thank you!

2a. Since the first year you saw black gill, have you noticed the
number of shrimp with black gill increase, stay the same,
decrease, or vary year to year?
(circle one below)

Increase

Stay the Same
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Decrease

Vary

For questions 2b-2f. Do you relate seeing higher amounts of
black gill to increased:
(circle Yes or No)
2b. Time spent at sea catching
shrimp

Yes

No

2c. Time trawling for shrimp

Yes

No

2d. Fuel used during shrimping
trips

Yes

No

2e. Time processing shrimp

Yes

No

2f. Cost of harvesting shrimp

Yes

No

2g. If you answered “Yes” to 2f, how much has the cost of
harvesting shrimp increased? (circle one below)

<10%

10-29%

30-49%

50-69%

3a. Do you ever head your shrimp before
selling them? (circle one)

70-90%

90%<

Yes

No

3b. If you head your shrimp, how frequently do you do so?
(circle one below)

Often

Sometimes

Rarely

3c. If you head shrimp with black gill, do
you throw the heads overboard?
(circle one)
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Never

Yes

No

4. Do you see more black gill in a particular
shrimp species? (circle one)

Yes

No

If “Yes”, which one? (circle one below)

White shrimp

Brown shrimp

Other:_______________________

5a. Have you tried to sell head-on shrimp
with black gill visibly showing?
(circle one)

Yes

No

5b. If “Yes” to 5a, have any customers or
fish houses refused to buy shrimp with
visible black gill? (circle one)

Yes

No

Yes

No

Yes

No

5c. If “Yes” to 5b, have you (or crew
members) ever removed the heads of
shrimp with black gill and tried to sell
them to a customer who initially
rejected your shrimp with black gill?
(circle one)

5d. If “Yes” to 5c, did the customer accept
the headless shrimp? (circle one)
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 Very Important

6. ***How important is
getting rid of black gill to
you? (check one box)

 Important
 Somewhat Important
 Not Important

7. ***How do you feel black gill
impacts your ability to contribute
to your household income?
(check one box)

 To a Great Extent
 Somewhat
 Very Little
 Not at All

8. ***What percent does shrimping
currently contribute to your
household income?
(check one box)

 0-10%
 10-29%
 30-49%
 50-69%
 70-90%
 More than 90%

9a. If the number of shrimp with black
gill continues as you have seen it
so far, would that be a reason for
you to quit shrimping?

9b. If “Yes” to 9a, how many more
years do you think you will
continue shrimping because of
black gill? (check one box)

Yes

No

 0-5 yrs.
 5-10 yrs.
 10-15 yrs.
 15-20 yrs.
 More than 20 yrs.
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10. If black gill continues as is, would
that be a reason for you to
discourage future generations from
shrimping? (circle one)

11. Do you relate black gill with
smaller sized shrimp?
(circle one)

12. Do you relate black gill with shrimp
that are less active? (circle one)

Yes

No

Yes

No

Yes

No

13. Have you noticed any other differences in shrimp with or without black gill?

14. If you head your shrimp, why do you head them?
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15. Other than what has already been covered, in what other ways has black gill
impacted you and/or your fishing?

16. What do you think first caused black gill?

17. ***Do you have any further comments?
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B. Background (***)
1. Age: ________ years
2. Sex (circle one):

Male

Female

3. Are you a full-time or part-time shrimper (circle one)?
Full-time

Part-time

4. Position (circle one):

Captain

Striker

5. I am licensed to shrimp in the following waters (circle one):
State

Federal

Both

6. How many years have you been shrimping in the state waters of Georgia?
________ years
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C. Survey Follow-Up (***)
If you are willing to provide additional information, or care to elaborate more on
certain answers during a phone interview, please provide your name, preferred
telephone number, and e-mail below.
Name: ____________________________________________
Telephone Number: __________________________________
Email: ____________________________________________

Preferred time of contact (check all that applies):
Monday Tuesday Wednesday Thursday Friday
9 am- 12 pm
12 pm- 3 pm
3 pm- 5 pm
5 pm- 7 pm
Anytime
above

.......………………………….
Completion of this survey indicates your consent to participate in this study. Thank you
for supporting the advancement of black gill research.
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How much black gill have you seen?
1) Circle the areas you shrimped during the June 2014-January 2015 shrimping season.
2) Which month did you see the highest percentage of shrimp with black gill in a single tow?
3) Check () the amount of shrimp with black gill you observed during that tow. If you saw a percentage of shrimp with black gill that
is not given on the chart, please write that percentage in the “Other” section.
Highest percent of black gill seen in tow during
indicated month
Area
(circle if shrimped)
Savannah River

Month

Some
(25%)

Wassaw Sound
Ossabaw Sound
St. Catherine’s Sound
Sapelo Sound
Doboy Sound
Altamaha Sound
St. Simons Sound
St. Andrews Sound
St. Marys Sound
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Half
(50%)

Most
(75%)

All
(100%)

Other
(%)
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