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Overview/ Introduction


This is a proposed continuation of NGI Gulf of Mexico Research Initiatives (GRI/BP) Phase 1 (A Comprehensive Assessment of Oil Distribution, Transport, Fate and Impacts on Ecosystems and the Deepwater Horizon Oil Release), Goal III. Assess impact of oil and dispersant on the coastal and estuarine habitat and living marine resources, Task 6: Monitoring the impacts of dispersed oil exposure on ecologically and economically important species in the northern Gulf of Mexico (Leeds: Joe Griffitt [laboratory experimental] and Robin Overstreet [field and analysis]). This proposal addresses the sub-task of using parasites as bioindicators of the effects of oil on the fish and the ecosystem biodiversity and assessing toxicological effects of contamination to fish based on histopathology of organs and tissues.


Fishes and invertebrates, including ecologically and economically important species, have been exposed to crude oil, water-soluble fractions of the oil, the dispersant Corexit, and combinations of those components in the Gulf of Mexico.  Their populations are likely to be directly impacted or adversely affected by the contamination.  The goals of this proposal are 1) to evaluate the histopathological affects of the spill on the economically important Atlantic croaker, Micropogonias undulatus, in the northern Gulf of Mexico, and 2) to assess the changes in parasite assemblages in and on the model fish in the aftermath of the spill.  These goals address the “observation,” “understanding,” and “apply” project clusters advocated by the NGI fellows.  


During Phase 1 of the NGI initiative, we addressed the “observation” project cluster by collecting Atlantic croakers associated with habitats that have been inundated with oil as well as from reference locations.  Collected fish have been both prepared for histological examination and examined for parasites (see Table 1).  Additional fish specimens collected before, during, and after the spill, but before funding are also being processed and sectioned for histopathological evaluation and parasitological data will be obtained from associated preserved lots.  All of the histological sections obtained will be compared with results of experimental studies conducted prior to our present work in which we exposed crude oil and oil fractions to two species of fish (Solangi and Overstreet, 1982).  The recently collected parasitological data will be compared with historical parasitological data from Atlantic croakers we collected during 1970, 1971, 1975, 1976, and 1992, some of which is presented in Table 2.
Both external and internal parasites of fish are useful bioindicators for separate reasons, and thus ideal for addressing the “understanding” project cluster.  Internal parasites, particularly internal helminths, serve as excellent markers for environmental health because their life cycles usually require that they inhabit from 1 to 4 specific invertebrates and vertebrates (usually by trophic interaction), on the way to their development to adulthood which only occurs in a final vertebrate host.  This means that depending on the parasite species, its presence in a fish represents a qualitative presence of a particular suit of invertebrates in the environment.  Absence of parasites suggests that an interruption in the life cycle has been caused by elimination of one or more of the obligate invertebrates or vertebrates from the system (Marcogliese and Cone, 1997; Overstreet, 1997; Hechinger et al., 2007).  One study confirmed that prevalence and mean intensity of certain gastrointestinal parasites is markedly reduced in fish exposed to crude oil in a laboratory setting (Khan and Kiceniuk, 1983).  In contrast, increases in external parasites are to be expected during environmental changes that cause stress to fish (Overstreet, 1997).  Mere presence of some rare external or surface parasites such as myxozoans in gills of fish can be seen after an acute environmental incident (Overstreet and Howse, 1977).  Most monogeneans on the gills and skin feed on blood or mucus produced by their host.  Mucus feeding parasites usually occur in greater density in environmentally stressed fish populations because the fish are producing more mucus (Overstreet, 1977).  Khan and Kiceniuk (1988) showed a marked delayed increase in monogenean prevalence and mean intensity after chronic exposure to aromatic hydrocarbons in experimentally retained fish. This phenomenon is clearly illustrated in the data from NGI phase 1, in which monogeneans on the gills of Atlantic croaker increase in prevalence and mean intensity dramatically from September to October in 2010 south of Horn Island, MS (see Table 1).  Our NGI phase 1 data suggest that the Atlantic croaker off the south coast of Horn Island in the northern Gulf of Mexico are currently being adversely affected and stressed, possibly by hydrocarbon fractions.  Additionally, our preliminary data suggest a possible shift in feeding behavior from the normal benthic feeding to a planktonic feeding trend based on the type of parasites that dominate the assemblages in different months.  Atlantic croakers normally feed primarily on the bottom, but our data from south of Horn Island show that mesenteric larval nematodes and a type of tapeworm larvae are very prevalent suggesting a shift to a planktonic diet. 

 In the present proposal (NGI Phase 2), the prevalence and mean intensity of parasites observed in populations of Atlantic croaker from habitats affected and unaffected by the Deepwater oil spill will be assessed for the coming year (1 January 2011 through 31 December 2011) and compared with the historical data mentioned and Phase 1 data.  The obtained histopathological and parasitological data sets will allow for a direct assessment of the impact from the oil spill on the overall health of the fish and their parasite assemblages.  Monitoring of their parasite assemblage will provide a simple indirect method to observe and understand the affects of the spill on the invertebrates that serve as intermediate hosts for many of the Atlantic croaker parasites.  Knowledge of the parasites present in the analysis over time will allow for a more thorough assessment of the dietary habits of the fish and allow us to monitor trends in trophic interactions in the spill region and develop a model system. 
Ultimately, the parasite data from Atlantic croakers and the histological examination of organs and tissues for lesions will provide a mechanism for estimating overall environmental health and will provide a strong mechanism for understanding the incremental stages of recovery as the environment stabilizes.

Table 1.  Representative parasite data from Atlantic croakers collected in autumn 2010 in the wake of the Deepwater Horizon oil spill in Mississippi and Louisiana.  Prev= (Prevalence)= % of individuals infected. Mean In= (Mean Intensity)= average number of parasites per infected host.

	Date
	17-18 Sept
	24 Sept
	1 Oct
	14 Oct
	21 Oct

	Location
	Biloxi Channel, MS
	South of Horn Is, MS
	Biloxi Channel, MS
	Grand Isle, LA
	South of Horn Is, MS

	Fish sample size
	N=32
	N=29
	N=30
	N=30
	N=30

	External Parasites
	
	
	
	
	

	
	Prev/meanIn
	Prev/meanIn
	Prev/meanIn
	Prev/meanIn
	Prev/meanIn

	Encrusting gill protozoans
	
	
	
	
	

	Free swimming gill protozoans
	
	
	
	
	

	Gill monogenean A
	59.0/2.4
	55.0/3.0
	76.0/3.0
	50.0/1.8
	90.0/9.4

	Gill Monogenean B
	
	
	10.0/1.3
	6.0/1.9
	36.0/1.5

	Copepod A
	6.0/1.0
	
	
	
	

	Argulus sea lice
	
	
	
	
	

	Isopod
	3.0/1.0
	
	
	
	

	others
	
	
	
	3.0/1.0
	3.0/1.0

	Internal parasites
	
	
	
	
	

	Aspidogastrea
	
	
	
	
	

	Adult Monorchiidae
	4.0/3.15
	48.0/9.0
	46.0/8.1
	76.0/50.8
	93.0/75.7

	Adult Cryptogonimidae
	6.0/1.0
	
	23.0/4.6
	3.0/100.0
	

	Adult Opecoeilidae A
	6.0/1.0
	
	3.0/8.0
	
	

	Adult Opecoeilidae B rectum
	9.0/1.6
	3.0/1.0
	3.0/1.0
	3.0/1.0
	3.0/1.0

	Adult Hemiuriidae A
	
	
	3.0/1.0
	6.0/1.0
	

	Adult Hemiuriidae B
	
	
	
	
	

	Other adult Hemiuridae
	
	
	
	
	

	Adult Apocreadiidae
	
	
	
	3.0/1.0
	

	Adult Zoogonidae rectum
	
	
	
	23.0/47.9
	

	Other adult digeneans
	3.0/1.0
	6.0/1.0
	6.0/3.0
	
	

	Bucephalid Metacercariae
	21.8/4.0
	3.0/1.0
	3.0/6.9
	6.0/15.0
	

	Tetraphyllidean Type A
	4.0/3.0
	79.0/38.0
	16.0/2.0
	13.0/29.7
	70.0/36.3

	Tetraphyllidean B tiny in rectum
	6.0/2.5check?

diff species…
	
	
	
	60.0/438.9

	Other trypanorynch big in rectum
	
	
	
	
	3.0/12.0

	Mesenteric Trypanorhyncha
	12.0/8.75
	3.0/5.0
	26.0/3.0
	33.0/3.0
	13.0/1.8

	Enteric Trypanoryncha
	
	3.0/3.0
	23.0/1.4
	3.0/4.0
	3.0/5.0

	Intestinal Nematoda Camallanidae
	
	
	16.0/2.0
	26.0/2.87
	23.0/3.9

	Intestinal Ascaridoid nematode
	9.0/1.0
	2.0/2.33
	10.0/4.3
	
	16.0/2.4

	Intestinal Cuculinidae nematode
	
	?/1.3
	
	
	

	Mesenteric larval nematodes
	9.0/4.0
	75.0/14.9
	16.0/4.4
	60.0/3.1
	70.0/13.2

	Intestinal Acanthacephala
	3.0/1.0
	3.0/1.0
	
	
	

	Myxosporan spores mesentary
	
	
	
	3.0/5.0
	13.0/3.5


Table 2. Representative historical parasite data from Atlantic croakers collected in autumn in Ocean Springs, MS.  Prev= (Prevalence)= % of individuals infected. Mean In= (Mean Intensity)= average number of parasites per infected host.

	Date
	Oct  1970
	Oct  1971
	Oct  1975
	Oct  1976
	Oct  1992

	Fish sample size
	N=72
	N=57
	N=60
	N=39
	N=30

	External Parasites
	
	
	
	
	

	
	Prev/mean In
	Prev/mean In
	Prev/mean In
	Prev/mean In
	Prev/mean In

	Encrusting gill protozoans
	2.8/5.0
	
	
	
	

	Free swimming gill protozoans
	8.3/2.3
	3.5/1.0
	3.3/1.0
	2.6/1.0
	

	Gill monogenean A
	58.3/5.5
	47.4/3.0
	20.0/1.5
	15.4/1.0
	40.0/1.4

	Gill Monogenean B
	1.4/5.0
	1.8/2.0
	
	
	

	Argulus Sea lice 
	5.6/2.3
	1.8/1.0
	
	
	23.3/22.4

	Argulus sea lice
	1.4/2.0
	
	
	
	

	isopod
	8.3/1.2
	1.8/1.0
	11.7/1.1
	
	3.3/1.0

	others
	
	
	
	
	3.3/10.0

	Internal parasites
	
	
	
	
	

	Aspidogastrea
	4.2/2.3
	
	1.7/2.0
	
	

	Adult Monorchiidae
	76.4/22.6
	38.6/8.0
	36.7/2.8
	74.4/18.3
	16.7/1.8

	Adult Cryptogonimidae
	37.5/12.1
	64.9/24.0
	78.3/7.7
	69.2/11.6
	93.3/14.1

	Adult Opecoeilidae A
	29.2/1.5
	17.5/1.7
	15.0/1.1
	2.6/2.0
	3.3/1.0

	Adult Opecoeilidae B
	4.2/2.3
	5.3/2.3
	
	
	

	Adult Hemiuriidae A
	
	
	
	
	3.3/2.0

	Adult Hemiuriidae B
	
	3.5/1.0
	3.3/1.0
	2.6/1.0
	

	Other adult Hemiuridae
	2.8/1.0
	
	
	
	

	Adult Apocreadiidae
	15.3/3.6
	15.8/2.2
	
	10.3/1.3
	

	Other adult digeneans
	
	
	
	
	3.3/3.0

	Tetraphyllidean Type A
	6.9/61.6
	3.5/29.5
	13.3/36.4
	5.1/2.0
	26.7/5.9

	Tetraphyllidean B
	59.7/11.3
	19.3/10.7
	
	
	

	Other Tetraphyllideans
	28.0/45.0
	10.0/27.0
	
	
	

	Mesentaric Trypanorhyncha
	1.4/11.0
	3.5/1.5
	3.3/1.0
	
	3.3/1.0

	Enteric Trypanoryncha
	4.2/8.0
	1.8/1.0
	3.3/1.0
	
	

	Intestinal Nematoda A
	59.7/6.0
	26.3/5.1
	28.3/2.9
	15.4/5.2
	

	Intestinal Hysterothylacium
	
	3.5/2.0
	
	
	

	Mesenteric larval nematodes
	25.0/22.5
	5.3/11.3
	66.7/5.7
	12.8/8.0
	3.3/1.0

	Intestinal Acanthacephala
	50.0/20.4
	70.2/85.8
	50.0/5.2
	71.8/30.2
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