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Executive Summary 

The Goby Biomarker Study was conducted as part of the Bay Protection and Toxic 
Cleanup Program (mandated by the California State Legislature in 1989). The project was 
designed to assess the impact of sediment contaminants on fish, with special emphasis on 
evaluation of bay gobies (Lepidoglobius lepidus) as a potential indicator species for the 
California coast. The study area included nine sites in the Los Angeles Harbor area. 
Sediments were analyzed by the California Department of Fish and Game for metals, 
pesticides, polyaromatic hydrocarbons, and polychlorinated biphenyls. In addition, pore water 
was tested for metals and sediments assayed for toxicity to amphipods. Analysis revealed that 
six sites were moderately to severely contaminated and designated as impacted. The 
remaining three were substantially less contaminated and were designated as reference sites. 

A total of 127 fish were collected in October 1993. None of the sampled fish were 
bay gobies. Instead, four different teleost species (yellowfin gobies, white croakers, 
tonguefish, and basketweave cusk-eels) and one elasmobranch (round stingrays) were caught. 
Contaminant exposure was assessed: 1) grossly via determination of hepatosomatic index 
(HSI), gonadosomatic index (GSI), and condition index (CI); 2) biochemically via evaluation 
of cytochrome P4501A (CYP1A) induction with the ethoxyresorufin 0-deethylase (EROD) 
assay; and 3) histologically via examination of liver and spleen. In addition, to augment the 
EROD assay, P450 immunohistochemistry was used to localize CYPlA induction in tissue 
sections. All organ and tissue samples were assayed blind and site codes revealed only when 
analyses were finished. 

The most striking lesions were splenic lymphoid and myeloid necrosis. Lesions were 
observed in all five species and average scores were consistently higher in fish from 
contaminated sites. Since both cell lines are major components of the immune system, their 
loss probably results in significant immunosuppression and increased susceptibility to 
infections. Hepatic lesions were not as severe, but three (eosinophilic cytoplasmic inclusions, 
megalocytes, and hyalinization of vessel walls) were consistently associated with impact sites. 
Both splenic and hepatic lesions were taken as direct evidence of deleterious effect. 

Of the two methods used to evaluate CYPlA activity, P450 immunohistochemistry 
proved more valuable and revealed clear differences between impact and reference sites. 
CYPlA was induced in all (gill, spleen, gonad, liver, kidney, and intestine) organs examined 
and scores were consistently and sometimes significantly higher in fish from impact sites. In 
contrast, EROD activity was often erratic and only when activity was evaluated based on the 
predominant species collected did differences emerge between reference and impact sites. 

Of the three indices examined, only HSI distinguished between impact and reference 
sites. HSI was consistently higher in croakers from impact sites. GSI is a valuable 
biomarker, but was not useful in this study because fish were often so small that obtaining 
accurate gonad weights was difficult or impossible. 

Overall, the biomarker approach was effective in separating reference from impact 
sites and enabled us to assess both contaminant exposure (CYPIA induction) and effect 
(splenic and hepatic lesions). Although we were unable to identify a single "indicator" 
species which could be used throughout California coastal waters, all five species examined 
did have lesions consistent with contaminant exposure. Recommendations for future studies 
include: 1) development of species priority lists based on habitat, availability, and 
responsiveness; 2) increasing sample size to allow for valid comparisons when multiple 
species are used; 3) aging fish to exclude age-related lesions; and 4) expanding organ 
sampling to thoroughly assess damage to the immune system. 
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Introduction 

The Bay Protection and Toxic Cleanup Program (BPTCP) was mandated by the 
California State Legislature in 1989. The BPTCP is administered by the California State 
Water Resources Control Board, in cooperation with the state's Regional Water Quality 
Control Boards, California Department of Fish and Game, and Office of Environmental 
Health and Hazard Assessment. This study ("Goby Biomarker Study") was one of several 
special studies conducted as part of the BPTCP, but was also planned and conducted in 
cooperation and partial funding from two National Oceanic and Atmospheric Administration's 
(NOAA's) programs: National Status and Trends Program; and the Coastal Ocean Program. 

Hundreds of sainples (primarily sediment) from California's coastal bays and estuaries 
have been collected and analyzed since the BPTCP began its field sampling effort in 1992, 
with most of the assessment effort focused on toxic "hot spot" screening. Results have 
identified numerous coastal locations, throughout the state, which were termed impacted, as 
demonstrated by sediment contaminants, benthic community data, and laboratory toxicity 
bioassays. 

Included in the field studies were about 100 sampling stations, nine of which were 
selected for this study with fish. All nine sites were in the Los Angeles Harbor area (see Map 
1). Sediments were analyzed for metals (appendix I), pesticides (appendix 3), polyaromatic 
hydrocarbons (appendix 4), and polychlorinated biphenyls (appendix 5). In addition, pore 
water was tested for metals (appendix 2) and sediments assayed for toxicity to amphipods 
(appendix 6). Analysis of the data revealed that six sites were moderately to severely 
contaminated and designated as impacted (appendices 6-10). The remaining three were 
substantially less contaminated and were designated as reference sites. 

In order to assess the impact of sediment contaminants on fish, it was proposed that 
bay gobies (Lepidoglobius lepidus) be collected, at all nine Los Angeles sites, and evaluated 
by a variety of biomarker assays. Although several species of marine fish were considered, 
bay gobies were selected as the target species of choice because their habitat (burrows in the 
mud), habits (territorial), distribution (throughout 'the California coast), relative abundance, 
and ease of capture (by bottom trawls). contaminant exposure was assessed grossly via 
evaluation of condition and gonado-somatic indices, biochemically via analysis of cytochrome 
P4501A induction, and histologically via examination of liver and spleen. The ultimate goal 
of the study was to evaluate bay gobies as a potential "indicator species" for contaminated 
marine ecosystems along the California coast. 



0bjectives 

Objective 1: To determine the type and frequency of histopathological disorders, enzyme 
levels, and contaminant levels at reference and study sites. 

Approach: 1) 	 To determine type and frequency' of histopathological disorders; fish 
were necropsied, samples of liver and spleen fixed and paraffin 
processed, sections histologically evaluated for the presence of lesions, 
and lesions scored semi-quantitatively. 

2) 	 To determine enzyme levels; liver samples were homogenized and an 
EROD assay run to determine level of P450 induction. In addition, 
step-sections of paraffin blocks were cut and immunohistochemistry run 
using a monoclonal antibody specific for P450. 

3) 	 To determine contaminant exposure; fish carcasses, following organ 
removal, were frozen and assayed. 

Objective 2: To determine the appropriateness of goby biomarkers for use as indicators of 
bay and estuarine pollution. 

Approach: Evaluate the various gross (HSI, GSI, and CI), biochemical (EROD), histologic 
(liver and spleen histopathology), and immunohistochemical (P450)assays used in this study 
to determine if they can differentiate impact from reference sites, and if those differences are 
relevant (ie. consistent with contaminant exposure) and statistically significant. 

Specific Data Evaluation Includes Determination of: 
1. 	 the relative bioaccumulation of sediment-associated toxicants in the tissues of sampled 

fish 

2. 	 the relative performance of each of the biomarkers 

3. 	 the presence/absence of statistically significant results 

4. 	 the relative degree of severity of effects observed at each site 

5. 	 the relationships between the sediment, chemistry, and biological data 
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Fish Harbor Entran 



Materials and Methods 

Fish Collection: Fish collection was done by Califomia Department of Fish and Game from 
a 19 ft Boston Whaler and sampling was conducted over a period of five days in October 
1993. Initial collections were made using a fine mesh net (eye size approximately 1 cm)and 
beam trawls. A larger mesh net (approximately 2 cm eye) was also med with both beam and 
otter hawls. Following capture, fish were held on the boat and maintained with frequent 
water changes. When sampling was complete, fish were transferred to the Southem 
California Coastal Waters Research Project (SCCWRP) laboratory where they were held in 
flow-through fiberglass tanks. 

Necropsy and Tissue Sampling: Although provided with a NOAA protocol regarding a 
"clean technique" for necropsies, some equipment and supplies (ie. teflon cutting boards and 
10% HCl) were not available and some procedures proved impractical. As such, NOAA 
protocols were modified and streamlined. A large plastic cutting board was used to perform 
the initial dissection. A second smaller polyethylene board was used to separate individual 
organs for formalin fixation. Between fish, cutting boards were wiped clean with paper 
towels. Occasionally, the smaller board was briefly scrubbed and rinsed in tap water. 
Between sites, the smaller cutting board was wiped clean, rinsed in tap water, and dried with 
a paper towel. The larger board was scrubbed clean, then rinsed with tap water, distilled @I) 
water, 10% niaic acid, methanol, and milli-Q (MQ) water between sites. Two sets of 
instruments were used, one for the initial dissection (opening the abdomen), and a second set 
for the final dissection (separating organs). Between fish, the first set was wiped clean and 
rinsed in tap, DI, and MQ water. The second set was wiped clean between fish. Between 
sites, both sets were wiped clean, rinsed with tap and DI water, rinsed with 10% nitric acid 
and methanol, and then rinsed with MQ water. 

Fish were killed with an overdose of ticaine methanesulfonate (MS222), rinsed in tap, 
DI, and MQ water, then transferred to a clean paper towel covering the larger cutting board. 
Dissections were made using two sets of gloves, an inner latex set and an outer polyethylene 
set. With each fish, a new pair of polyethylene gloves was used. Following the initial 
dissection, polyethylene gloves were discarded and the final dissection made with the latex 
set. Latex gloves were used until tom or extremely soiled. 

Euthanized fish were weighed ("total weight"), measured for standard length (SL), and 
placed in right lateral recumbency on the larger board. The left abdominal wall was opened 
and left operculum removed to expose the gills. Internal organs were briefly examined for 
gross lesions. Gastrointes~al(GI)at,liver, and spleen were removed together by severing 
rectum and esophagus, and then transferred to the smaller cutting board. The heart and gils 
were then excised. Finally, gonads were excised, weighed;and transferred to the second 
cutting board. Although initially targeted for histologic analysis, kidneys were not routinely 
sampled. That decision was based on the small size of many fish and concern that renal 
excision would result in excessive loss of tissue from the carcass (slated for chemical residue 
analysis). A few kidney samples were taken if fish were large enough and if kidneys were 
readily accessible. Following organ removal, the carcass was weighed ("chemisny weight"), 
placed in a glass jar, and frozen at -20°C. 

The final dissecdon was made on the smaller cumng board. In teleost fish, gall 
bladders were dissected free of the liver, placed in amber vials, and frozen on dry ice. Bile 
samples from stingrays were taken by aspirating with needle and syringe. Following bile 



sampling, the liver was weighed ("total liver weight") Ad a piece cut free with razor blade. 
. The smaller section of liver was then weighed ("P450 liver weight") and homogenized (using 

a hand tissue grinder) with a volume of phosphate buffered saline (PBS) approximately three 
times the weight of the liver sample. The homogenate was cenaifuged for 10 minutes at 
11,000 x g and 2OC. The supernatant was decanted into a cryotube and frozen on dry ice. 

After the first day, it was apparent that many fish were too small for both liver EROD 
and histologic analyses. To augment biochemical EROD analysis, it was decided to take 
samples for P450 immunohistochemistry. The two organs selected for P450 
immunohistochemistry were liver and gill. Liver histopathology samples were fixed in 
fonnalin, along with spleen, heart, and gill in one 20 ml glass scintillation vial (vial "A"). 
Gonad, GI tract, and any skin or kidney samples were fxed in a second vial ("B"). 

Histopathology: Histology samples were fxed in 10% formalin for 14 to 17 days. Prior to 
cassetting, a list of random numbers was generated and one assigned to each fish (Appendix 
11). Each cassette was labelled with a processing number (93H63), a random number (from 
1-127), and a letter ("A" = liver, spleen, and gonad; "B" = gill; and " C  = skin). All tissues, 
except skin, were routinely p d m  processed. Skin samples were decalcSed in dilute 
hydrochloric acid for 24 hours, rinsed in tap water for 24 hours, and then paraffin processed. 
Paraffin blocks were sectioned at 4 pm and stained with hematoxylin and eosin (HE). All 
slides were read blind. 

An initial screen of 50 slides was used to identify the range of lesions present and to 
determine which were included in the fmal score sheet The initial screen was also used to 
identify "type lesions" in both liver and spleen. "Type lesions" were specific examples of 
lesions with emphasis on s e p a r a ~ g  lesion types based on severity. Severity scores were 
semiquantitative and based on a scale of 0 to 3 (0 = not present, 1= mild, 2 = moderate, and 
3 = severe). Once "type lesions" were identified, specific criteria (size, number, composition) 
for severity scores were generated and the slides read. Two organs, liver and spleen, were 
scored for lesions. Four other other organs (skin, kidney, gill, and gonad) were screened for 
lesions, but were not scored. 

P450 Immunohistochemistry: Sections for P450 immunohistochemistry were taken from the 
same paraffin blocks used for routine histopathology. There were two blocks for each fish 
and both blocks were cut at 4 pm and mounted on a single "Superfrost" (Fisher Scientific) 
elecaically charged glass slide. Slides were air dried and shipped to Dr. John Stegeman in 
Woods Hole, Massachusettes. Immunohistochemismy was performed with a monoclonal 
antibody (MAb 1-12-3p5) developed against scup (Stenotomus versicolor) cytochrome 
P4501A. All slides were stained using a standard ABC (avidin-biotin complex) technique. 
Slides were read and scored blind. P450 score was reponed as a staining index by 
multiplying the "occurrence" by the "intensity" (0x I) of the stain. 
EROD: Frozen liver samples (homogenate supernatant) were shipped to Dr. John Stegeman 
in Woods Hole, Massachusettes on dry ice. 7-ethoxyresorufin 0-deethylase (EROD) activity 
was evaluated either spectrophotomemcally, according to the method of Klotz et al. (1984), 
or flurometrically, by modifications of the method of Eggens and Galgani (1992) using 
Millipore Cytofluor fluorescent plate reader. Hepatic EROD activity was reponed as 
pmol/min-mg. 

Indices: Gross measurements included standard length (SL in millimeters), body weight (BW 
in grams), liver weight (LW), and gonad weight (GW). Gross measurements were used to 



determine three indices; hepatosomatic index (HSI), gonadosomatic index (GSI), and 
condition index (CI). HSI was determined by taking LW/BW and multiplying by 100. GSI 
was determined by taking GWDW and multiplying by 100. CI was determined by taking 
BW/SL~and multiplying by 100,000. 

Statistical Analysis: Dr. Neil Willits (Senior Statistician, UCD) was the statistical consultant 
for this study. Two types of data were generated, non-continuous and continuous. Non- 
continuous data included semi-quantitative scores used with both the histopathology lesions in 
spleen and liver (range = 0-3), and similar semi-quantitative P450 itnmunohistwhemistry 
scores (range = 0-15). Continuous data included EROD activity, gross measurements, and 
indices. 

Non-continuous data was analyzed using Principal Components Analysis (PCA), 
followed by analysis of variance (ANOVA) or multivariate analysis of variance (MANOVA) 
of the scale values derived from PCA. This type of analysis has several advantages 
including: 1)accounting far the presence and severiry of lesions; 2) identifying the source of 
variability; 3) identifying the most significant lesions; and 4) determining the significance of 
"impact" versus reference site differences with a single P value. PCA was run separately on 
the lesion (spleen and liver) data and on the P450 imrnunohistochernistry data. Four principal 
components were used with the lesion data and only one fur the P450 analysis (only one 
component accounted for appreciable variability). Two types of post hoc comparisons among 
sites were used following PCA and MANOVA, Tukey's and Least Square Means. The 
disadvantage to the Tukey comparisons are they do not adjust fur possible impact of gender 
and species. The Least Square Means comparisons do adjust for gender and species, and 
were considered the more relevant of the two. 

Continuous data was analyzed using MANOVA, and site to site comparisons made 
using Least Square Means. 



Results 

Fish Collection: Initial collection attempts were made at night on 10-4-93 at sites 40015 and 
site 40006. Trawling speed and time were varied. Through trial and error, a 15 minute mwl 
at a speed just above idle provided the best results. Faster speeds tended to "fly" the sled 
above the bottom, and longer trawls resulted in excessive mud in the "caught end" of the net. 
Longer trawls also resulted in higher morbidity and mortality. 

10 hours of sampling yielded no Bay gobies and only 13 yellowfin gobies. Following 
a meeting between UCD,AMS, and CADFG personnel, and a subsequent conference call on 
10-5-93 with NOAA, the decision was made to go with multiple species. The four species 
selected were: 1)yellowfm goby (Acanthogobusfrmimanus);2) basketweave cusk-eel 
(Ophidion scrippsae); 3) California tonguefish (Symphurus anicauda); and 4) white croaker 
(Genyonemus lineatus). Selection was based on; relative abundance and availability at the 
initial reference site (site 40015), habits and habitat, size, and distribution. In addition, a fifth 
species - round stingrays (Urolopus halleri) - was added because it was the predominant 
species at site 80027 and no croakers, cusk-eels, or tonguefish were caught. Although the 
stingrays were relatively large (they could not be weighed on the balance used), rays did fit 
some selection criteria being bottom dwellers and relatively abundant 

The final collection total of 127 fish included; 31 yellowfin gobies, 49 white croakers, 
7 basketweave cusk-eels, 30 tonguefish, and 10 round stingrays (Table 1). Fish were 
collected from nine different sites over a period of four days, from 10-4-93 to 10-7-93. 
Sorting the data by site (Appendix 12) revealed that the distribution of species was highly 
variable. Two examples are site 40013, where only white croakers were caught, and site 
80027 where 10 of 12 fish were stingrays. 

Necropsy and Tissue Sampling: Histopathology samples included; 127 liver, 127 spleen, 
127 heart, 127 gill, 127 gonad, 127 GI tract, 14 skin, and a small ( 4 0 )  number of kidney 
samples (Appendix 13). 85 liver samples were collected for EROD analysis and 212 (106 
liver and 106 gill) samples taken for P450 immunohistochemisny. The total number of liver 
and gill samples for P450 immunohistochemistry was less than the histopathology totals (127) 
because 21 fish died prior to necropsy and tissues were mildly to severely autolyzed. 99 gall 
bladderbide samples were taken, frozen, and archived at -80°C. 



Table 1. Goby Biomarker Study. Sample Number and Species of Teleost Fish Collected from Nine Sites in the Los Angeles Harbor area. 

Firh S w ~ i p .IN\\-., 
# Sile # Site Name Goby Croaker Cusk-eel Tonguefish Stingray total 
1 40001 Southwest Slip 3 2 0 0 0 5 

West Basin Pier 143 15 
Consolidated Slip 18 

Long Beach Harbor, channel 2 15 
Inner Queensway Bay 15 

Entrance to Fish Harbor 15 
Term Island Stop 22 

Pola 19 10 
Huntington Harbor, middle 12 

total 127 
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Histopathology - Results: 

Definitions 

Basophilic: Blue to purple color when sections are stained with hematoxylin and eosin (HE). 

Congestion: Stasis of blood in a blood vessel (usually a vein). 

Diffuse: Spread out. 

. Eosinophilic: Red to orange color when sections are stained with HE. 

Focus: A small area. 

Granuloma / granulomatous: Granuloma refers to a mass lesion centered around either a 
foreign body (ie. a parasite) or cluster of bacteria (ie. tuberculosis tubercles). The wall of a 
granuloma is composed of a mixture of mamphages, giant cells (fused macrophages), and a 
peripheral rim of connective tissue. Granulomatous refers to a more diffuse inflammatory 
reaction cornposed of primarily macrophages, but mixed with some giant cells and 
lymphocytes. 

Hyalinization: Hyalinization refers to thickening or infiltration of a tissue or organ by an 
acellular, hyaline (glassy) material which can be composed of a variety of materials (ie. 
immune complexes or amyloid). 

Hyperplasia: Hyperplasia is an increase in the number of cells of a particular organ or tissue. 
Hyperplasia is differentiated from neoplasia (cancer) in that it is usually a reversible 
condition. 

Inflammation: Inflammation refers to the influx, into an organ or tissue, of inflammatory 
cells. Inflammatory cells can be broadly classified as mononuclear (macrophages, 
lymphocytes) and polymorphonuclear ( P W cells (neutrophils, eosinophils, basophils), which 
have "segmented" nuclei @inched in multiple places). 

Karyomegaly: Enlarged nucleus. 

Karyorrhexis: Karyorrhexis is the fragmentation of a pyknotic nucleus in a dead cell. 
-

Lymphocyte: Lymphocytes are mononuclear inflammatory cells which specifically target 
foreign antigens. They can be divided into B-cells which produce antibody and T-cells which 
do not produce antibody, but are responsible for cell-mediated immunity. 

Macrophage: Macrophages are mononuclear inflammatory cells which have the capability of 
phagocytizing foreign material or micro-organisms. 

Necrosis: Cell death. 



Definitions continued: 

Nematode: Round worn. 

Neoplasia / neoplasms: Neoplasms are nunon and can be divided into benign and malignant. 
Cancer usually refers to malignant neoplasms. 

Megalocyte: Megalocytes are excessively large cells which often have large (karyomegalic) 
nuclei. 

Phagocytosis: Phagocytosis is the process whereby by a cell (usually an inflammatory cell) 
surrounds, engulfs, and digests a small fragment of foreign material or a micro-organism (ie. 
bacteria). 

Pyknosis: Pyknosis is one of the initial changes the nucleus of a dying cell undergoes. 
Pyknosis involves nuclear shrinkage with condensation of chromatin and hyperpigmentation 
(usually dark blue-black with HE stain). 

Tinctorially Altered Foci: Tinctorially Altered Foci (TAF)are small focal preneoplastic 
lesions in the liver which are primarily distinguished by color (ie. basophilic foci = blue; 
eosinophilic foci = red). 



Histopathology - Results: 

I. 	 Splenic Lesions: 

A. 	 Splenic Netrosis 
1. 	 Lymphoid Necrosis (LN): Lymphoid necrosis was a surprisingly 

common lesions. The necrosis involved individual lymphocytes in the 
white pulp and was characterized by cellular shrinkage, nuclear 
pyknosis, and karyorrhexis (Figures 1 & 2). Necrotic lymphocytes were 
often phagocytized by macrophages and macrophage aggregates were 
often centered within the white pulp. 

Type lesions for LN: 
a. 	 Score = O; no necrosis (type spe&mens = 57*) 
b. 	 Score = 1; 1-4 necrotic lymphocytes per 150 micron diameter 

field in a lymphoid follicle (type specimen = 76) 
c. 	 Score = 2; 5-10 necrotic lymphocytes per 150 micron diameter 

field (type specimen = 1) 
d. 	 Score = 3; >10 necrotic lymphocytes per 150 follicle diameter 

field (type specimen = 69) 

* "Type specimen" numbers refer to UCD random ID numbers; 
ie. 57 = 93H63-57. 

2. 	 Red Pulp Necrosis (RPN): The red pulp of the spleen is composed of 
hematopoietic cells, including both red and white blood cells in various 
stagesof maturation from stein cells through well-differentiated blood 
cel ls  Careful examination revealed that~lany fish had necrosis of 
individual cells in the red pulp, similar to that observed in the lymphoid 
follicles. Necrotic hematopoietic cells were characterized by nuclear 
pyknosis and karyorhexis, and phagocytosis by individual macrophages 
(Fi'igures 3 & 4). 

Type lesions for RPN: 
a. 	 Score = O; no necrosis (type specimen = 18) 
b. 	 Score = 1; 1-4 necrotic cells per 150 micron diameter field of 

hematopoietic tissue (type specimen = 23) 
c. 	 Score = 2; 5-10 necrotic cells per 150 micron diameter field 

(type specimen = 9) 
d. 	 Score = 3; >10 necrotic cells per 150 micron diameter field (type 

specimen = 73) 



B. 	 Splenic Hyperplasia: 
1. 	 Periarteriolar macrophage sheath hyperplasia (PSH): The 

periarteriolar macrophages are generally considered antigen presenting 
cells, in mammalian spleens, and are believed to process antigen and 
present it to T-cells. The lesions which occurs in some fish appears to 
be an increase in the thickness of the sheath surrounding small arterioles 
in the spleen (Figure 5). The increased sheath thickness is the result of 
increased numbers of macrophages forming multiple concennic layers 
around the arteriole. 

Type lesions for PSH: 

a Score = 0; 0-2 layers of APC per arteriole (type specimen = 18) 

b. 	 Score = 1; 3-4 layers of APC per arteriole (type specimen = 4) 
c. 	 Score = 2; 5-6 layers of APC per arteriole (type specimen = 6) 
d. 	 Score = 3; r 6  layers of APC per arteriole (type specimen = 3) 

2. 	 Lymphoid hyperplasia (LH): Lymphoid hyperplasia can be 
characterized by increase in the number and size of the lymphoid 
aggregates in the spleen. Although lymphoid hyperplasia was left on 
the final score sheet, none of the spleens examined had any significant 
hyperplasia and there are no "type specimens." 

C. 	 Vascular Lesions 
1. 	 Splenic Congestion (SC): Splenic congestion was a relatively common 

finding and characterized by dilation of splenic blood vessels, and stasis 
and pooling of blood in the red pulp (Figures 6 and 7). The white pulp 
was often obscured with severe congestion, making it difficult to 
evaluate. 

Type lesions for SC: 
a . 	Score = 0; no congestion (type specimen = 18) 
b. 	 Score = 1; mild red pulp congestion, but no expansion or 

compression of white pulp (type specimen = 10) 
c. 	 Score = 2; moderate congestion resulting in partial to complete 

obscuring of interstitial connective tissue and white pulp (type 
specimen = 44) 

d. 	 Score = 3; severe expansion of the red pulp with complete loss 
of interstitium and white-pulp, often with bulging capsule (type 
specimen = 90) 

2. 	 Splenic hemorrhage and necrosis (SHN): One fish (109) had a large 
focus of hemorrhage and necrosis in the spleen. The lesion was 
characterized by an irregular necrotic cenral mass of pale eosinophilic 
proteinaceous material and fibrin, surrounded by extravasated red blood 
cells (figures 8 & 9). This lesion was not included in the final score 
sheet and there are no "type specimens." 



D. 	 Splenic macrophage aggregates (SMA): Macrophage aggregates were a 
common finding in the spleen and were characterized by accumations of 
large macrophages packed with granular green-brown pigment (Figures 10 & 
11). Macrophage aggregates were often located within the white pulp, amongst 
lymphocytes. 

Type lesions for SMA: 
1. 	 Score = 0; none present (type specimen = 5) 
2. 	 Score = 1; 1-5 macrophage aggregates per 50X field, macrophage 

aggregates are 2 50 microns diameter (type specimen = 18) 
3. 	 Score = 2; 5-10aggregates per 50X field (type specimen = 27) 
4. 	 Score = 3; >10aggregates per 50X field (type specimen = 4) 

E. 	 Lymphoid depletion (LD):Lymphoid depletion was another relatively 
common lesion characterized by decreased number and size of lymphoid 
follicles in the spleen (Figures 12 and 13). 

Type lesions for LD: 
1. 	 Score = 0; 2 5 follicles per 50X field with a follicle defined as a 

cluster of lymphocytes 150microns in diameter (type specimen = 18) 
b. 	 Score = 1; 3-4 follicles per 50X field (type specimen = 23) 
c. 	 Score = 2; 1-2follicles per 50X field (type specimen = 8) 
d. . 	Score = 3; 5 1 follicle per 50X field (type specimen = 10) 





Figure 1. Spleen of fish 93Hb.i-69 (white cioaiiti. fron: sire 40(313! 
wiih ;ever: iyrnpkoid n e ~ ~ o s i s  The 'nc~.ro>iz: (&owheads). i s  confined 
io ~:?c,!!niphoid follicles (white pulp) and does I I<>~lilvoite hi. 
h e r r ~ ~ m p i e d c  . HE 50X.ussue of .thr red pulp (RP). 



Figure 3. Spleen of fish 93R63-83 (white croaker from site 40002) 
with severe red pulp necrosis (arrowheads). Note that the lymphoid 
follicles (white pulp; WP) is only mildly affected with scattered 
individually necrotic lymphocytes (arrow). HE 50X. 

Figure 4. Higher magnification of figure 3. Note the large number of 
individually necrotic cells (arrowheads) in the rcd oulo. l'hc 
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Figure 5. Spleen of fish 93H63-88(yellowfi goby fmm site 40015) 
with moderate periarteriolar sheath hyperplasia. The arteriole in the 
center (arrow) has only two layers, but several others (arrowheads) have 
three to six layers of antigen. presencing cells. HE 100X. 



Figure.6..Spleen of fish 93H63-41,(yellowfin.goby from site -10015; 
with severe congestion. The vasc.ulature of the red pulp (RP) is 
niarkedly expanded and congested with blood. l~yrnphoid follicles 
iarrowheads) are small and ofien partially obscured by the di1ate.d. 
congested blood vessels. HE 25X. 

Figure 7. Higher n~agnificatiori o i  figure 6 .  Thc hernaropoietic cells of 
the red nuln :rrr vent i l i f f i r ~ ~ l rrn irlr.nrifv of rhr.b r . n ~ ~ c t .  <ibvi.rp 
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Figure 9. Higher magnific21ian of f;,gu~:'i 'Tie 3plenii vein rb! is 
hen.lnrrhaging ~;mo\i-headyinlo rht pz~:n:hyzx! ;an3 ihtre we mulripie 
fn:i :>in.al., 7 . . + r r i - < i  : I r r r u  ; . ? f  37a.i ?!?Dr?)eni;.,-v<in..\nh:li,-,~;.;.)l,il:ii 



Figure 10. Spleen of fish 93H6.7-88 iyellowfm goby f n m  site 4G015) 
with large numbers of macrophage aggregates !arrowheadsj. HE 50X. 

Figure 11. Splisn of fish 93Hh?.-hh (yel!owfin goby iron) site 4iXX)h~ 
! _ L  . ~~. 4 .. , . . , .  9 ...,. ..: 3 
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Figure 12. Spleen of fish 93H63-70 (hasketwsave cusk-eel fiom sire 
10007!with severe ly~:.;phoid dcpiittion. To i r  lhal there no 
Iymphoid ioilic.lei prescnr. HE 5 0 X .  

Figure 13. t3ighcr ma:~.i:i:3iioli ci t?gsre !2 .  ayan ized  lymphoid 
fol!iclez arc ~hccr?!2nd :\.x!he r td  pulr, ;!ape:?rj depleted of 
i I . . _  ..: .. .. . . I $  !T? ..n,->. 

. . 





Histopathology - Results: 

Splenic Histopathology Summary: Splenic lesion scores are given in appendix 14. 
Appendices 14a-14c include scores for all fish sorted on the basis of site. Scores in 
appendices 14-14h are sorted on the basis of both species and site. 

Average lesion scores are depicted in graphs 1-3. Graph la shows average lesion 
scores for lymphoid necrosis (LN) and red pulp necrosis (RPN)in all fish from all sites. 
Average scores for both LN and W N  are in general markedly lower in the three reference 
sites (40015, 40016, and 40032) when compared to the six "impact" sites. The only 
exception was impact site 40007 which had a lower average LN score than two reference 
sites (40015 and 40032). Of the three reference sites, site 40015 had the highest LN and 
RPN scores. 

When splenic lesion scores are examined on the basis of both site and species, the 
same general trend holds, with the majority of impact sites having higher average LN and 
RPN scores than the three reference sites. Average LN and RPN scores for gobies (graph lb) 
at the two impact sites, with sample sizes greater than three (40002 and 40006), were higher 
than those in the only reference site (40015) with an "N" over three. In croakers (graph lc), 
average LN scores were only markedly higher at impact site 1 when compared to the three 
reference sites, but RPN scores were consistently higher in four of five impact sites where 
croakers were collected. Tonguefish (graph id) were collected from four sites and average 
LN and RPN scores at the two impact sites (40002 and 40007) were elevated above scores 
from two reference sites (40016 and 40032). 

Graph 2a depicts average lesion scores for splenic macrophage aggregates (SMA) and 
splenic lymphoid depletion (LD).There were no consistent trends with either lesion. 
Average LD scores were high at two reference sites (40016 and 40032) and one impact site 
(40007). SMA scores were highest at reference site 40032. Impact site 80027 (primarily 
composed of stingrays) had the lowest SMA and LD scores. 

Additional analysis of SMA and LD scores, with respect to species, uncovered mends 
in croakers (graph 2c) and tonguefish (graph 2d). In croakers, there were no consistent 
findings with regard to SMA, but croakers from the impact sites tended to have more LD than 
those from the reference sites. LD scores in croakers from four impact sites were slightly 
higher than scores from reference site 40016, and the other two reference sites had no LD. 
Average SMA scores in Tonguefish were highest in fish t om reference site 40032, second 
highest in reference site 40016, and lowest at the two impact sites. Interestingly, the same 
pattern with respect to size (both standard length and body weight) also occurs in Tonguefish, 
with the largest (and presumably oldest) fish coming from reference site 40032, second 
largest from reference site 40016, and smallest from the two impact sites (Graph 17c). LD 
scores were slightly lower in tonguefish from the two impact sites. 

Graph 3a shows average lesion scores for periarteriolar sheath hyperplasia (PSH) and 
splenic congestion (SC). There were no consistent mends with respect to these two lesions. 
Sorting of the data, based on species, did not reveal any wends in gobies (graph 3b). 
Analysis of average scores in croakers (graph 3c) and tonguefish (graph 3d) reveals that fish 
from reference sites tend to have higher SC scores than fish from impact sites. The only 
exception was impact site 40013 which had the highest average SC score in croakers. 



Histopathology - Results: 

Splenic Histopathology - Statistics: The SAS statistical program was used to analyze for 
differences in individual scale values with MANOVA, nested for site effect and blocked for 
species. Due to missing values only 115 of 127 fish were used in the analysis. With 
principal components analysis (PCA), a correlation mahix, eigenvalues of the correlation 
maaix, and eigenvectors were calculated. From the proportion part of the "eigenvalues of the 
correlation manix," the fist  principal component accounted for 11.8% of the variability; the 
second principal component, 10%; the third principal component, 8.9%; and the fourth, 7.7%. 

From individual scale values for the first principal component, splenic lymphoid 
necrosis (LN)and red pulp necrosis (RPN)were most important (eigenvectors with the 
greatest absolute values contribute most to variab'ity). With the second*principal component, 
hepatic glycogen depletion (GD) and lipidosis (LIP)were most important With the third 
principal component, hepatic melanomacrophage aggregates (MM) and splenic penarteriolar 
sheath hyperplasia (PSH) were most important With the fourth principal component, hepatic 
macrophage aggregates (HMA) and splenic macrophage aggregates (SMA) conmbuted most 
to variability. 

MANOVA, using al l  four principal components, showed that there were significant (P 
< 0.05) differences among the nine (six impact and three reference) sites, but not any overall 
species effect. Comparisons among sites, with respect to the fxst principal component, using 
Least Square Means revealed that impact site 40002 was highly significantly (F' (P 0.01) 
different from all three reference sites. The fact that the two lesions contributing most to 
variability in the first principal component were LN and RPN indicates that these two splenic 
lesions are important markers differentiating impact from reference sites. 
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Histopathology - Results: 

11. 	 Liver Lesions: 
A. 	 Hepatocyte Storage Defects: 

1. 	 Glycogen depletion (GD): Hepatic glycogen depletion was a common 
f i n g .  In contrast to "normal" liver with abundant glycogen stores 
(Figures 14 & 15), glycogen depleted livers were characterized by; 
decreased size of individual hepatocytes, loss of the ''lacy" cytoplasmic 
vacuolation typical of glycogen, and increased cytoplasmic basophilia 
(Figure 16). 

Type lesions for GD: 
a. 	 Score = 0;no glycogen depletion (type specimen = 8) 
b. 	 Score = 1; mild, glycogen vacuoles are present, vacuoles are 

smaller than normal, but larger than hepatocyte nuclei, 
hepatocytes are slightly smaller in size due to loss of glycogen 
(type specimen = 34) 

c. 	 Score = 2; moderate, glycogen vacuoles are present and the 
aggregate of vacuoles are smaller than hepatocyte nuclei, 
hepatocytes are moderately smaller than normal, or there is 
patchy loss of glycogen with some areas of mild glycogen 
depletion and other foci of complete glycogen depletion (type 
specimen = 16) 

d. 	 Score = 3; severe, glycogen vacuoles are absent from the 
majority of hepatocytes, hepatocytes may be significantly smaller 
than normal and are often markedly basophilic, glycogen 
vacuoles may be replaced by lipid vacuoles (type specimen = 

21) 

2. 	 Lipidosis (LIP): Hepatic lipidosis was another common finding and 
was characterized by the presence of discrete, round, clear, cytoplasmic 
vacuoles. Hepatocytes were often enlarged and nuclei displaced to the 
periphery (Figure 17). 

Type lesions for LIP: 
a. 	 Score = 0;no lipidosis (type specimen = 8) 
b. 	 Score = 1; mild, diffuse lipidosis with hepatocytes with small 

lipid vacuoles (vacuoles smaller than hepatocyte nuclei) or 
patchy lipidosis wit! scattered small foci of hepatocytes with 
large vacuoles (vacuoles larger than hepatocyte nuclei)(type 
specimen = 56) 

c. 	 Score = 2; moderate, diffuse lipidosis with 50-80% of 
hepatocytes with large vacuoles (type specimen = 11) 

d. 	 Score = 3; severe, diffuse lipidosis with 80-100% of hepatocytes 
with large lipid vacuoles, hepatocyte nuclei displaced to the 
periphery of the ceil (type specimen = 15) 



3. 	 Eosinophilic cytoplasmic inclusions (ECI): Hepatocytes in a few 
livers had distinct, round, refractile, eosinophilic cytoplasmic inclusions 
(Figure 18). 

Type lesions for ECI: 
a. 	 Score = 0; no inclusions (type specimen = 8) 
b. 	 Score = 1; <50% of hepatocytes have inclusions (type specimen 

= 56) 
c. 	 Score = 2; 50-80% of hepatocytes have inclusions (type 

specimen = 105) 
d. 	 Score = 3; 80-100% of hepatocytes have inclusions (type 

specimen = 67)-

B. 	 Hepatic Inflammation (Hepatitis): 
1. 	 Macrophages: 

a. 	 Macrophage Aggregates (HMA): The majority of macrophage 
aggregates were clusters of mature macrophages packed with 
coarsely granular yellow-brown pigment (Figure 19). 
Occasionally; an aggregate would be composed of activated 
macrophages with little or no pigment. 

Type lesions for HMA: 

1) Swre = 0;no MA (type specimen = 8) 

2) Score = 1; <1 MA per 50X field (type specimen = 16) 

3) Score = 2; 1-3 per 50X field (type specimen = 15) 

4) Score = 3; >3 MA per 50X field (type specimen = 88) 


b. 	 Melanomacrophages (MM): Melanomacrophages were 
individual macropharzes packed with dark brown-black melanin 
pigment and were characteristic of stingray livers (Figure 20). 

Type lesions for MM: 

1) Score = 0;none present (type specimen = 5) 

2) Score = 1; < lo  per l00X field (type specimen = 33) 

3) Score =2;  10-20 per l00X field (type specimen = 40) 

4) Score c 3 ;  >20 per l00X field (type specimen = 72) 


c. 	 Granulomatous inflammation (BGI): Granulomatous 
inflammation was a rare finding and not scored for. The lesion 
was characterized by infiltration of the hepatic parenchyma with 
a mixed population of mononuclear inflammatory cells; 
macrophages, lymphocytes, and multinucleated giant cells 
(Figure 21). 



d. 	 Foreign body granulomas (FBG): Foreign body granulomas 
were focal accumulations of macrophages, lymphocytes, and 
occasionally multinucleated giant cells, clustered around a 
foreign body (Figures 21 & 22). The foreign body could often 
be identified as a nematode larva. 

Type lesions for FBG: 

1) Score = O; none present (type specimen = 8) 

2) Score = 1; mild, <1 per 25X field (type specimen = 13) 

3) Score = 2; mcxlerate, 1-3 per 25X field (type specimen = 


none) 
4) Score = 3; severe, >3 per 25X field or fewer large 

granulomas (type specimen = none) 

2. 	 Lymphocytic inflammation (LYM): Lymphocytic inflammation in the 
liver was an uncommon finding, except in stingrays. Lymphocytes were 
usually penvascular in location, but could occasionally be found within 
the parenchyma (Figure 23). 

Type lesions for LYM: 
a. 	 Score = 0;no inflammation (type specimen = 8) 
b. 	 Score = 1; <1 per 50X field (type specimen = 32) 
c. 	 Score = 2; 1-3 per 50X field (type specimen = 33) 
d. 	 Score = 3; >3 per SOX field (type specimen = none) 

C. 	 Hepatic Necrosis: 
1. 	 Focal necrosis (FN):Focal necrosis was not observed. 

2. 	 Individual hepatocyte necrosis (IHN): Individual hepatocyte necrosis 
was occasionally seen and characterized by shrinkage, rounding up, 
cytoplasmic eosinophilia, and nuclear pyknosis (Figures 24 & 25). 
Necrotic hepatocytes were often phagocytized by macrophages. 

Type lesions for IHN: 
a. 	 Score = O; no necrosis (type specimen = 8) 
b. 	 Score = 1; <1 per lOOX field (type specimen = 56) 
c. 	 Score = 2; 1-3per lOOX field (type specimen = 110) 

- d. Score = 3; >3 per lOOX field (type specimen = 88) 



D. 	 Hepatic Preneoplasia and Neoplasia: 
1. 	 Tinctorially Altered Foci (TAF): TAF were a rare occurrence and 

characterized by small clusters of hepatocytes distinguished from the 
adjacent parenchyma by altered staining. Types of TAF include 
basophilic, eosinophilic, amphophilic, and clear cell. TAF were not 
scored on the basis of severity, but were simply counted and described. 
There were only four fish with TAF; two with basophilic foci (1 & 42), 
one with an amphophilic focus (93, and one with a clear cell focus 
(118). 

2. 	 Liver neoplasms: Neoplasms were not observed. 

E. 	 Other liver lesions: 
1. 	 Megalocytosis (MEG): Hepatocyte megalocytosis was characterized 

primarily by nuclear enlargement or karyomegaly (Figures 26 & 27). 
Hepatocytes were not considered megalocytes unless nuclei were at 
least twice the average size in the section. There was usually little or 
no cellular enlargement associated with karyomegalic nuclei. 

Type lesions for MEG: 
a. 	 Score = O; none present (type specimen = 8) 
b. 	 Score = 1; <1 per lOOX field (type specimen = 109) 
c. 	 Score = 2; 1-3 per lOOX field (type specimen = none) 
d. 	 Score = 3; >3 per lOOX field (type specimen = none) 

2. 	 Fibrin whorls (FW): Fibrin whorls were an unusual lesion and were 
seen only in stingray livers. Fibrin whorls were characterized by 
nodular accumulation of pale eosinophiiic, acellular material which was 
fibrinous and laminated in irregular, concenmc, laminated whorls 
(Figures 28 & 29). Small numbers of spindle cells mixed in with the 
fibrinous material. 

Type lesions for FW: 
a. 	 Score = O; none present (type specimen = 8) 
b. 	 Score = 1; <1 per 25X field (type specimen = 5) 
c. 	 Score = 2; 1-3 per 25X field (type specimen = none) 
d. 	 Score = 3; >3 per 25X field (type specimen = none) 

3. 	 Exocrine Pancreas (EP): Exocrine pancreas was not a lesion, but was 
assessed on the basis of presence (1) or absence (0). 



4. 	 Nematodes (NEM): A few fish had small numbers of nematode larvae 
either in the capsule of the liver or hepatic parenchyma (Figure 22). 
The nematodes were usually associated with small granulomas. 

Type lesions for NEM: 
a. 	 Score = 0;none present (type specimen = 8) 
b. 	 Score = 1; <1 per 25X field (type specimen = 13) 
c. 	 Score = 2; 1-3 per 25X field (type specimen = none) 
d. 	 Score = 3; >3 per 25X field (type specimen = none) 

5. 	 Hyalinization of Vessel Walls (HVW): A few fish had mild to 
moderate intimal and medial thickening of hepaijc blood vessels (both 
arteries and veins). The thickening was often irregular and composed of 
pale eosinophilic to eosinophilic, acellular, amorphous, acellular 
material. In some vessels, this hyalin thickening was associated with 
mixed mononuclear and EGL inflammation. 

Type lesions for HVW: 
a. 	 Score = 0;none present (type specimen = 8) 
b. 	 Score = 1;1 3  vessels per 25X field (type specimen = 1) 
c. 	 Score = 2; 3-5 vessels per 25X field (type specimen = none) 
d. 	 Score = 3; 25 vessels per 25X field (type specimen = none) 
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Figure 16. Liver of fish 93H63-21 (white croaker from sire 300.32) 
with severe glycogen depletion. Kote hepatxytes are devoid of 
cyroplasmic vacuoles indicative of glycogen. HE 50X. i 



Figure 18, Liver of fish 93H63-67'(tonguefish from 'site 40002) with 
large numbers of eosinophilic cytoplasmic inclusions (arrowheads). HE 
132X. 

~ ~ O I I P P10. 1.ive.r of fish 93H63-88(vellowfin gobv from site 40015) 
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Figure 22. Liver of fish 93H63-13 (basketweave cusk-eel from site 
40016) with severe lipidosis. There are several granulomas on the 
hepatic capsule and many are centered around nematode larvae 
(arrowheads). HE 50X. 



Figure 24. Liver of fish 93H63-88 jyellowfin goby from site 40015) 
with severe necrosis of individual hepatocytes (arrowheads) and 
numerous macrophage aggregates (arrows). HE 100X. 

Figure 25. Liver of fish 93H63-88 (yellowfin goby from site 40015). 
%,---A&:-h..-a+e.-v7+.=.- /O-A,.PL.=~A~ n h ~ v ~ , - + a A ~ ~ Ihw ~ x r t n n l o c m i ~  



Figure 26. Liver of fish 93H63-109(yellowfin goby fTom site 40002). 
, The liver has severe glycogen depletion and mild Lipidosis. There are 

scattered megalocytes (arrow) present HE 100X. 



Figure 28. Liver of fish 93H63-5 istingray from site 80027) with 
numerous fibrin whorls (arrowheads). HE 50X. 

Riorrre 29. Higher magnification of figure 28. Note the laminated I 
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Histopathology - Results: 

Hepatic Histopathology Summary: Hepatic lesion scores are given in appendix 15. 
Appendices 15a-15c include scores for all fish from all sites sorted on the basis of site. 
Average scores and standard error were computed for each lesion. Appendices 15d-15h 
lesion scores sorted on the basis of both site and species 

Average lesion scores for three specles (gobies, croakers, and tonguefish), which were 
found at more than one site, are depicted in graphs 4-6. Graph 4a shows average lesion 
scores for thee hepatic storage defects; glycogen depletion (GD), lipidosis (LIP), and 
eosinophilic cytoplasmic inclusions (ECI). Average scores for GD,LIP, and ECI were 
consistently lower at two reference sites (40016 and 40032) when compared to five of the six 
impact sites. The primary exceptions to this trend were impact site 40013 which had lower 
average scores than all three reference sites and reference site 40015 which had the highest 
average scores for both GD and LLP. Site 40015 also had some ECI, whereas the other two 
reference sites had no ECI. 

Further separation of average lesion scores on the basis of species revealed that there 
were some significant differences between species. With gobies (graph 4b), ECI correlated 
well with three of five impact sites, but there were no striking differences with respect to GD, 
and LIP tended to be lower at the two reference sites. With croakers, low levels of LIP were 
consistently found at the impact sites (versus none at the two reference sites), but there were 
no obvious trends with either GD or ECI. In tonguefish, GD scores were higher at the two 
impact sites when compared to two reference sites, and the only site with any ECI was at one 
of the impact sites. 

Graph 5a depicts average lesion scores for hepatic macrophage aggregates (HMA), 
individual hepatocyte necrosis (IHN), and megalocytes (MEG).There were no obvious trends 
with respect to any of the three lesions. Sorting of the data on the basis of species revealed 
that average HMA scores for gobies (graph 5b) were highest at impact site 40001 and that 
gobies from impact site 40002 had an average MEG score which was markedly higher than 
that in the two reference sites. With croakers, there were no consistent trends with respect to 
HMA and IHN,but two impact sites had low levels of MEG while the three reference sites 
had none. In tonguefish, the only consistent finding was higher average HMA score at the 
two reference sites. 

Graph 6a shows average lesion scores for foci of cellular alteration PCA) and 
hyalinization of vessel walls (HVW) for all fish from all sites. There were no consistent 
trends. Additional sorting based on species revealed higher average HVW score in both 
gobies and croakers from impact sites when compared to the same species from reference 
sites. With tonguefish, the opposite trend was in effect, with the two reference sites having 
higher HVW scores than the two impact sites. 

Hepatic Histopathology - Statistics: Hepatic lesion scores were statistically analyzed 
together with splenic lesion scores. Principal components Analysis (PCA) was covered in the 
splenic histopathology statistics section and in the material and methods. None of the hepatic 
lesions were significantly higher in the six impact sites when compared to the three reference 
sites. All comparisons were made between individual impact and reference sites. 
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~ i s t b p a t h o l o ~ ~- Results: 

111. 	 Histopathology of Other Organs 
A. 	 Skin: 

1. 	 Stingrays: Ten stingrays were caught at site 80027. Five rays had foci 
of melanosis over their dorsal surface and one had a black focus on the 
venual skin. Foci varied from 0.1 to 8 rnm in diameter and were non- 
raised and grey to black. Histologically, these foci of melanosis were 
characterized by mild hyperplasia of melanophores in both the dennis 
and epidermis. In contrast to normal skin (Figures 30 & 31) with only 
widely scattered small melanophores in the superficial dermis, 
melanophores in hyperplastic foci were prominent with dark brown 
melanin pigment. Hyperplastic melanophores were spindle to stellate 
with finely tapered cell processes (Figures 32-35). 

In addition, some rays also had acanthosis (hyperplasia of 
squamous epithelial cells), mucous cell hyperplasia, and scattered single 
cell necrosis in the epidermis (Figures 34 & 35). 

2. 	 Tonguefish: Many tonguefish had mild to marked melanosis involving 
the caudal aspect of the dorsal and ventral fins, and the tail. 
Histologically, the melanosis was characterized by mild to moderate 
hyperplasia of melanophores in the ~ u p e ~ c i a l  dermis (Figures 36 & 
37). With mild melanophore hyperplasia, the melanophore layer was 
still intermittent. With moderate hyperplasia, the melanophore layer 
was continuous and in some areas, in multiple layers. 

B. 	 , Kidney: A few stingray kidneys were examined histologically and some had 
marked membranous glomerulonephritis, along with a few mbular casts 
(Figures 38 & 39). 

C. 	 Gills: The gills were briefly screened, in some fish, and observed lesions 
included: 1) mucus cell hyperplasia (Figures 40 & 41); 2) lamellar epithelial 
hyperplasia; 3) interstitial fibrosis (Figures 40 & 41); and 4) inflammation 
(primarily with EGLs). 



Histopathology - Results: 

111. 	 Histopathology of Other Organs 
D. 	 Gonads: Ovaries had varying degrees of oocyte atresia and mixed 

inflammation involving both lymphocytes and eosinophilic granular leukocytes 
(EGLs). Testes in some white croakers were very small (<lrnm diameter) with 
little or no sperm production. These testes were either atrophic (testes of 
sexually mature males which had undergone atrophy) or were immature (testes 
of young sexually immature male fish). A few croakers with 
auophic/immature testes also had small numbers of developing oocytes and 
these fish were classified as "intersex." 

[Processing note: Gonads were fixed and processed together with the 
liver, spleen, and gonad. In retrospect, his was a mistake. Because gonads, 
especially testes, were often very small many were lost during routine paraffin 
processing. Tissues could have been lost either via passing through the slots in 
the cassettes or may have been inadvertently "sectioned through" when the 
hktotech was sectioning the blocks. In the future, liver, spleen, and gonad 
should be fixed in separate vials and processed in separate cassettes. The 
addition of small sponges in the cassettes would prevent loss during 
proccessing. Having individual blocks for each tissue would also prevent 
accidental "sectioning through" when looking for other tissue.] 
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Figure 32. Dorsal skin from fish 93H63-40 (stingray from site 80027). 
There is mild melanophore hyperplasia in both the epidermis (E) and 
dermis @). Melanophores are concentrated (arrowheads) in the dermis 
near the junction with the epidermis. HE 25X. 



Figure 34. Dorsal skin from fish 93H63-14(stingray from site 80027). 
There is marked acanthosis of the epidermis (E) and mild melanophore 
hyperplasia in both the epidermis and dermis. HE 25X. 



Figure 36. Dorsal and veneal skin from fish 93H63-16 (tonguefish 
from site 40016). There is mild melanophore hyperplasia (arrowheads) 
in the dermis of the dorsal skin. Note that there are still gaps in the 
melanophore layer where no pigment cells are visible. HE 25X. 



Figure 40. Gill of fish 93H63-41 (stingray from site 80027). Note the 
mucous cell hyperplasia (arrowheads) along the fiaments and the 
numerous interstitial foci of fibrosis (arrows). HE 10X. 





Figure 40. Gill of fish 93H63-41 (stingray from site 80027). Note the 
mucous cell hyperplasia (arrowheads) along the Naments and the 
numerous interstitial foci of fibrosis (arrows). HE 10X. 





P450 Immunohistochemistry - Results: P450 activity was detected in all organs examined. 
In the gills, P450 was concentrated in lamellar epithelium, pillar cells, and endothehum of 
large blood vessels in the arch (Figures 42 & 43). In the gonad and spleen, P450 was 
detected in the endothelium of major blood vessels (Figures 4 4  & 45). In liver, P450 was 
induced in hepatocytes and in the endothelium of major blood vessels (Figure 46). In kidney, 
P450 was detected in tubular epithelium and blood vessels. In intestine, P450 was found in 
the lining epithelium and blood vessels. 

Immunohistochemical P450 scores for gill, gonad, spleen, liver, kidney, and intestine 
are given in appendix 16. Apendices 16a-16c include scores for all fish from ali sites sorted 
on the basis of site. Average P450 score and standard error were determined for each organ 
at each sit&. Appendices 16d-16g are P450 scores sorted on the basis of both site and 
species. 

Average P450 scores of selected organs are depicted in graphs 7-9. Graph 7a shows 
that the three reference sites (40015,40016, and 40032) had markedly lower P450 scores in 
gill epithelial cells (GEC) and endothelium of gill arch (E-GA) when compared to the five 
impact sites where teleost f s h  were caught. Impact site 80027 (where 10 of 12 fish were 
stingrays) had low P450 gill scores which were comparable to those in two reference sites. 
Of the three reference sites, site 40032 appedred to be the "cleanest" with respect to induction 
of gill P450. When gill P450 scores were sorted on the basis of species, the same general 
trend (higher scores at impact sites) was also observed in gobies (graph 7b), croakers (7c), 
and tonguefish (graph 7d). 

Graph 8a shows average P450 scores for endo the l i~  in gonadal blood vessels (GO-
VE) and splenic blood vessels (SVE). Again, the three reference sites have markedly lower 
P450 scores when compared to impact sites where teleost fish were caught In addition, 
impact site 80027, where stingrays were collected, also had higher vascular P450 scores. 
Sorting the data based on species revealed similar patterns among gobies (graph 8b), croakers 
(8c), and tonguefish (graph 8d) with lower P450 scores at reference sites. 

Graph 9a depicts average P450 scores for hepatocytes W P )  and major liver blood 
vessels (LVE). The trends were similar to P450 scores in other organs, with the three 
reference sites having markedly lower average P450 scores. The only exception was with the 
LVE P450 score at site 80027 which was the lowest amongst all nine sites. Sorting the data 
based on species revealed that although gobies from impact sites still had higher average liver 
P450 scores, when compared to reference sites, goby scores (graph 9b) were lower than those 
in tonguefish (graph 9d) from impact sites and markedly lower when compared to croakers 
from impact sites (graph 9c). Hepatic (both HEP and LVE) P450 goby scores from impact 
sites were even lower than scores from croakers collected from reference sites. Average HEP 
P450 scores in croakers from two reference sites (40015 and 16) were similar or higher than 
three of five impact sites where croakers were collected. LVE in contrast was consistently 
higher in croakers from impact sites when compared to the reference sites. Both HEP and 
LEV P450 scores were markedly higher in tonguefish from two impact sites when compared 
with those from two reference sites. 



P450 Immunohistochernistry - Statistics: Due to missing values, only 82 fish were used 
with this analysis. Only one principal component was used as only one accounted for 
appreciable variability. From individual scale values, three vascular P450 categories [liver 
vascular endothelium (LVE), splenic blood vessels (SVE), and endothelium of gill arch blood 
vessels (E-GA)] were most important (eigenvectors with the greatest absolute values). Three 
other categories [gill pilar cells (GPC), gill epithelial cells (GEC), and hepatocytes (HEP)] 
also had high eigenvector values and there was strong positive correlation between almost all 
tissues where P450 activity was observed. 

MANOVA revealed that there were significant (P = 0.01) differences among the nine 
sites, but no overall species effect. Comparisons among sites using both Tukey's and Least 
Square Means revealed significanr differences between impact and reference sites. With 
Tukey's, P450 scores from impact site 40001 were significantly (P < 0.05) higher than scores 
at reference sites 40016 and 40032. P450 scores were also significantly (P < 0.05) higher at 
impact site 40002 when compared to reference site 40032. 

Using Least Squares Means, three impact sites (40001,40002, and 40006) had P450 
scores which were significantly (P < 0.01) elevated over two reference sites (40016 and 
40032). In addition, P450 scores from two impact sites (40001 and 40002) were also 
significantly (P (0.01) higher that scores frbm the third reference site, 40015. 



Figure 42. Gill of fish 93H63-98(white croaker from site 40006). 
There is marked induction of P450 activity in both lamellar epithelium 
and pilar cells of gill filaments. Immunohistochemical stain with 
hematoxylin counterstain. 



Figure 44. Ovary of fish 93H63-98(white maker from site 40006). 
There is marked induction of P450 activity in the endothelium of 
interstitial blood vessels (arrowheads)., Immunohistochemical stain with 
hematoxyh counterstain. 

V i n n w ~l L  Snlren nf fish 93H63-91 (white maker from site 40002). I 



Figure 46. Liver of fish 93H63-98 (white croaker from site 40006). 

There is marked induction of P450 in hepatocytes throughout the liver. 

Blood vessels (arrowheads) centered within foci of exocrine pancreas I
are also positive. Immunohistochemical stain with hematoxylin 

counterstain. 
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EROD - Results: Hepatic EROD activity as expressed in pmol/min-mg is given in Appendix 
17. The data was sorted on the basis of site and species. Average EROD activity and 
standard error was determined for each site. 

EROD activity for all fish from all sites is depicted on graph 10a. There are no sharp 
trends, but one reference site (40016) does have lower average EROD activity than five of six 
impact sites. The second reference site (40015) had higher EROD activity than three impact 
sites, but lower activity when compared to the other three impact sites. Sorting the data, with 
respect to species (graphs lob-lOd), did not clarify mams. 

Graph 11 shows average hepatic EROD activity for the dominant species taken from 
each site. Although it is somewhat unconventional way of examining the data, the differences 
between sites does become more distinct. Reference site 40016 now has the lowest average 
EROD activity and the second reference site (40015) has EROD activity which is lower than 
five of six impact sites. 

EROD - Statistics: MANOVA revealed that there were significant (P < 0.01) differences 
with respect to site and highly significant differences (P = 0.0001) with respect to species. 
Comparison between sites, using Least Squares Means, revealed that impact site 40007 
(composed of primarily cusk-eels) had significantly (P < 0.01) higher EROD activity when 
compared to reference sites 40015 (gobiesj and 40016 (tonguefish). Impact site 40006 
(gobies) had significantly (I) < 0.05) lower EROD activity than fish from reference site 40015 
(gobies). 
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Graph 10c. Hepatic EROD Activity In Whlte 
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Indices - Results: 

Hepatosomatic Index: Hepatosomatic indices (HSI), sorted on the basis of site, are given in 
appendices 18a-18c and depicted in graph 12a. HSI from two reference sites (40016 and 
40032) are moderately to markedly lower when compared to the six impact sites. Site 80027, 
where 10 of 12 fish were stingrays, had the highest HSI. 

HSI, sorted on the basis of site and species, are given in appendices 18d-18h and 
depicted in graphs 12b-12d. Average HSI in gobies (graph 12b) and tonguefish (graph 12d), 
from impact and reference sites, were similar. Average HSI in croakers from five impact 
sites was higher than HSI in croakers in all three reference sites. The highest HSI was in 
croakers from impact site 40013. 

MANOVA revealed that there were significant (P = 0.05) differences in HSI with 
respect to site, and highly significant (P = 0.0001) differences with respect to species. 
Comparisons among sites using Least Squares Means revealed that HSI in fish from impact 
site 40013 was significantly (P < 0.05) higher than HSI in fish from all three reference sites. 
Average HSI was also higher in fish from site 40013 when compared to two other impact 
sites (40006 and 40007). 

Comparisons between species, using Least Squares Means, showed that there were 
numerous differences with respect to HSL HSI in cusk-eels was significantly (P < 0.001) 
different from tonguefish and croakers. HSI in stingrays was significantly (P < 0.01) different 
from tonguefish and croakers. HSI in tonguefish was significantly (P = 0.0001) different 
from croakers and gobies. HSI in croakers was significantly (P = 0.0001) different from 
gobies. 

Gonadosomatic Index: Gonadosomatic indices (GSI), sorted on the basis of site, are given 
in appendices 18a-18c. GSI, sorted on the basis of site and species, are given in appendices 
18d-18h. Although there appears to be a slight trend towards higher GSI at the three 
reference sites (graph 13a), separation of GSI scores on the basis of species (graph 13b-13d) 
did not reveal any consistent patterns. MANOVA and comparisons among sites, using Least 
Squares Means analysis, did not reveal any significant differences in GSI between sites or 
species. GSI differences between sexes were highly significant (P < 0.001), but this was 
expected. 

Condition Index: Condition indices (CI), sorted on the basis of site, are given in appendices 
18a-18c. CI, sorted on the basis of site and species, are given in appendices 18d-18h. 
Average CI for all fish from all sites is depicted in graph 14a. The highest average CI were 
in two impact sites (40013 and 40006), but there were no consistent trends. Additional 
somng of the data based on species also did not reveal any consistent uends. Average CI, 
with very few exceptions was very similar in both impact and reference sites for gobies, 
croakers, and tonguefish. Comparisons between sites could not be made for cusk-eels and 
stingrays, as they were only collected in significant numbers from a single site. 

MANOVA revealed that there were significant differences in CI with respect to both 
site (P < 0.01) and species (P = 0.0001). Comparisons between sites, using Least Squares 
Means, revealed that average CI in fish from impact site 40007 was significantly (P < 0.01) 
lower than CI in all three reference sites. Average CI from impact site 40007 was also 
significantly (P < 0.01) lower than CI in fish from two other impact sites (40002 and 40006) 
and cusk-eels comprised 33.3% of the sample taken from site 40007. Comparisons between 
species, using Least Squares Means, revealed that CI in all five speces were significantly (P 5 
nl ) l )  r l i f f ~ r ~ n rfrnm n n e  another  
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Sex Determination - Results: Determination of sex was made via gross and histologic 
examination of the gonads. In the majority of fish, histology was needed to determine sex. 
Unfortunately, 17 gonad samples were lost either during processing or sectioning. The data, 
sorted on the basis of site, is given in appendices 18a-18c. Additional sorting on the basis of 
species in shown in appendices 18d-18h and depicted in graphs 15a-15d. Graph 15a shows 
the distribution of mature males (testes with sperm) and females (ovaries with developing 
oocytes) in all fish for all sites. There were no obvious differences in between impact and 
reference sites. 

When gobies were examined separately (graph 15b), there appear to be sharp site to 
site difference with respect to the sex. Two sites, impact site 40007 and reference site 40016, 
had samples with 100% female gobies. Sample sizes, however, were small with an " N  of 
two at site 40007 and only one at site 40016. Sample sizes were also small in the two other 
species (croakers and tonguefish) found at multiple sites, and no trends were uncovered with 
respect to prevalence of mature male or female fish. 

Some male fish with very small (< 1 mm diameter) testes were observed when gonads 
were surveyed to determine sex. These testes had minimal to no sperm production and were 
classified as immature andlor atrophic (Mi/a). In addition, a few male fish had 
immature/atrophic testes which had small numbers of immature oocytes. These fish were 
classified as intersex. Prevalence of intersex and Mi/a male fish for all sites is shown in 
graph 16a. All three intersex fish were from impact sites. Two impact sites (40006 and 
40007) had markedly higher prevalences of Mila males when compared to the three reference 
sites. Reference site 40032 had no intersex fish nor any Mifa males. 

Sorting the data on the basis of sex revealed that almost all the intersex and Mi/a fish 
were croakers (graph 16b). Prevalence of Mila males among croakers was not consistent with 
the pattern when all five species were evaluated together. Prevalence of Mi/a croakers at 
reference site 40016 was higher than prevalences in all of the impact sites. In addition, the 
Mi/a males at reference site 40015 was higher than four of five impact sites where croakers 
were collected. Sample sizes at both reference and impact sites were often small (N = 2-5 at 
six of eight sites where croakers were collected). Average size of Mi/a croakers (mean SL = 
77.9 mm) was markedly smaller than croakers with mature testes (mean SL = 118.3 rnm). 

No intersex or Mi/a males were observed in gobies, tonguefish, or stingrays. One 
intersex fish and one Mila male cusk-eel were found at impact site 40007. 

Size - Results: Although fish were not aged, both standard length (mm) and body weight (g) 
were determined for the majority of fish sampled (appendices 18a-18h). SL and BW data 
were sorted on the basis of both site and species for the three species which were collected at 
more than one site. Average SL and BW were similar in gobies from both impact and 
reference sites (graph 17a). In croakers (graph 17b), fish from four of five impact sites were 
consistently smaller (shorter and lighter) than croakers from the three reference sites. A 
similar mend was observed with tonguefish, where fish from the two impact sites (40002 and 
40007) were markedly smaller than fish from two reference sites (40016 and 40032). 
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Discussion 

The major goal of this study was to evaluate bay gobies (Lepidogobius lepidus) as a 
suitable indicator organism for contaminated sites along the California coast. Previous 
approaches by the National Oceanic and Atmospheric Administration (Myers er a/., 1992; 
1994) to study impacted sites, on the West Coast of the United States, have used bottom 
dwelling fish. In those studies, contaminants in sediment were linked to body burdens and 
chronic histopathologic alterations in liver h m  older mature fish. 

The present study differed in some important respects. Fist, gobies were specifically 
targeted as an optimal organism due to their burrowing nature within sediment. Secondly, a 
tiered approach was used, utilizing; 1) gross biomarkers of effect (body and organ weight 
indices); 2) biochemical and immunochemical biomarkers of exposure (P450 
irnmunohistochemis~ and EROD activity); and 3) histologic biomarkers of effect (splenic 
and hepatic histopathology). Third, in addition to assessing prevalence, severiry of histologic 
lesions and P450 induction was also evaluated and results included in the statistical analysis. 
Finally, the majority of sampled fish were small and presumably young, providing us with 
important information on the acute effects of contaminant exposure on perhaps most 
vulnerable members of the population. 

In one respect, the study failed miserably in that we were unable to collect sufficient 
numbers of bay gobies at any of the sampling sites. Instead we were forced to utilize 
multiple species, including a different species of goby (yellowfin) and one elasmobranch 
(round stingrays). Significantly, our results demonstrate a trend - across all five species 
examined - for the association of sediment contamination with induction of cytochrome 
P4501A (immunochemically and biochemically) and with formation of splenic and hepatic 
lesions in exposed fish. 

Histopathology: 
Spleen. The spleen in both bony (class Osteichthyes, order teleostei) and cartilaginous 

(class chondrichthyes, subclass elasmobranchii) fish is anatomically and functionally similar 
to mammalian spleen (Zapata, 1985; Fange, 1982; Fange and Nilsson, 1985; Ellis, 1980). 
The key components in the spleen of both fish and mammals are the white pulp (lymphoid 
tissue) and red pulp (myeloid tissue). The mammalian white pulp is further organized into 
periarteriolar cuffs of T-cells and discrete follicles with germinal centers (B-cells and plasma 
cells). While fish lack discrete periarteriolar cuffs of T-cells, many species have lymphoid 
aggregates which appear analogous to mammalian follicles. Lymphoid follicles are especially 
prominent and well-developed in elasmobranchs (Fange, 1982). 

The functional importance of spleen, as a protective immunologic organ in fish, has 
been questioned by Ferren (1967) who observed no effect on the intensity of antibody 
production after splenectomy in marine elasrnobranchs and teleosts. Numerous studies, 
however, using plaque techniques (Neale and Chavin, 1971; Omz-Muniz and Sigel, 1971; 
Sailendri and Mhukkaruppan, 1975; Smith et al., 1967) have demonstrated antibody producing 
cells in fish spleen and the general consensus is that this organ is an important source of 
immunoglobulins,in both elasmobranchs and teleosts, and serves a vital role in the fish 



immune system. Yu er a[. (1970) observed that splenectomy in the blue gourami 
(Tn'chogasrer trichoprerus), immunized against infectious pancreatic necrosis virus, resulted in 
complete shutdown of immunoglobulin production. The importance of the fish spleen as a 
lymphoid organ would certainly seem to be magnified since fish (both cartilaginous and bony) 
lack lymph nodes. Similarly, the spleen's importance as a myeloid organ increases in fish 
since they also lack functional hematopoietic tissue in their bone marrow. 

The most saiking lesions observed in this study were in the spleen. Necrosis of 
lymphoid md myeloid cells were particularly impressive. The lesions, observed in all five 
species, were often widespread and severe, especially in fish collected from impacted sites. 
Targeting of these two splenic cell lines may be a result of both their function and mitotic 
state. Both cell types are in a constant state of tumovkr, with large numbers of stem ceUs 
undergoing mitotic division. This normally high level of mitotic activity may predispose 
them to circulating cytotoxins, as their DNA is more exposed - especially in comparison to 
differentiated cells. 

We regard the loss of these two cell rypes as a direct indication of deleterious effect. 
Both are major components of the immune system (lymphocytes with the production of 
immunoglobulins, and hematopoietic cells with the production of a variety of white blood 
cells). The loss or derangement of one or kith of these cell lines probably results in 
significant impairment to the immune system, with resultant increased susceptibility to a host 
of viral, bacterial, and protozoan infections. 

The fact that fish in the three reference sites had markedly lower average lesion scores 
for both lymphoid and myeloid necrosis, when compared to the six impacted sites, is 
indicative of a relationship between sediment contaminants and splenic lesions. P450 
immunohistochemical and EROD site specific trends also indicate exposure to sediment 
contaminants. Spazier er al. (1992) documented (via LM and EM) extensive splenic damage 
(degeneration and necrosis of hematopoietic cells and macrophages) in eels (Anguilla 
anguilla) following a mixed chemical (phosphate esters, chlorinated and heterocyclic 
hydrocarbons, aromatic nitro compounds, urea derivatives, and pesticides with heavy metals) 
spill in the Rhine river. Splenic parenchymal necrosis has also been reported in Atlantic cod 
(Gadus morhua) exposed to crude oil (Khan and Kiceniuk, 1984), bream (Abramis brama) 
exposed to phenol (Waluga 1966), rainbow trout (Oncorhynchus mykiss) exposed to 
fumagillin (Lauren et al., 1989) and 2,3,7,8-temhlorodibenm-p-dioxin (TCDD)(Spitsbergen 
et al., 1988a), and yellow perch (Percaflavescens) exposed to TCDD (Spitsbergen et aL, 
1988b). Although a viral etiology cannot be completely ruled out, it is considered much less 
likely in light of the unequal dismbution of lesions (in impact versus reference sites), and 
because of the number of species involved (five including one elasmobranch). 

The targeting of two different splenic cell lines and presence of s i i l a r  lesions in 
hematopoietic tissues (epigonal organ - elasmobranchs) of stingray gonads indicates that the 
lesions are probably not restrict& to spleen, but in all likelihood involve other lymphoid and 
myeloid organs. Rainbow trout exposed to TCDD develop a number of lymphomyeloid 
lesions including thymic lymphoid necrosis, premature thymic involution, splenic lymphoid 
depletion, and loss of renal hematopoietic tissue (Spitsbergen et al., 1988a). Similar thymic 
and splenic lesions have been observed in yellow perch exposed to TCDD (Spitsbergen et al., 
1988b) and have been well-documented in TCDD-exposed mammals (Allen and Carstens, 



1967; McConnell, 1980). 
In order to properly assess damage to both the lymphoid and hematopoietic systems, 

both thymus and head kidney should be included, along with spleen, in any future studies of 
teleost fish. With elasmobranchs, the Leydig organ (lympho-myeloid aggregates associated 
with the esophagus), epigonal organ, and spleen all need to be examined. Spitsbergen et al. 
(1988a and 1988b) observed leukopenia and thrombocytopenia in TCDD exposed rainbow 
trout and yellow perch. Evaluation of peripheral blood could provide additional avenues of 
assessment of the immunologic and hematologic status of wild fish. A final means of 
assessing the status of lymphomyeloid tissue would be to simply weigh the lymphomyeloid 
organs of sampled fish. Although weights of lymphomyeloid organs vaq  between fish 
species (Fange, 1982), careful dissection and establishment of reference site standards could 
provide valuable information with respect to gross atrophy in fish from impact sites. 

Splenic lymphoid depletion (LD) was an expected sequela to severe lymphoid 
necrosis. It was surprising, therefore, to discover that two reference sites (40016 and 40032) 
had higher average lymphoid depletion scores than five of six impact sites when all fish from 
all sites were examined together. Average LD scores for both reference sites were falsely 
elevated, however, because 76% (16121) of fish from site 40016 and 50% (418) of fish from 
site 40032 were tonguefish which had markedly higher LD scores when compared to the 
other four species. 

Sorting of lesion scores on the basis of species and site revealed that average LD 
scores for tonguefish from the two impact sites were only marginally lower than scores from 
the two reference sites. Some of that difference may also be age related, as tonguefish from 
the two reference sites were markedly larger (longer and heavier) and presumably older than 
fish from the two impact sites. Another possibility is that tonguefish may simply be a species 
which has a minimal complement of splenic lymphoid tissue. The quantity and proponion of 
lymphomyeloid tissue among fish species has been shown to vary (Fange and Nilsson, 1985). 
Icefish (Chaemcephalus aceratus),for example, have almost no myeloid tissue and their 
spleens are dominated by lymphoid cells and macrophages (Walvig, 1958). 

Examination of sorted scores in the other two species, collected from more than one 
site, revealed that LD scores in croakers were higher in four of five impact sites when 
compared to reference site 40016, and that the other two reference sites had no LD. In 
gobies, scores were mixed with two impact sites having higher LD scores than reference sites, 
but three impact sites having similar or lower LD scores. 

Splenic macrophage aggregates (SMA) are another "residual" lesion which could be 
expected following severe parenchymal necrosis. Examination of average SMA scores from 
all fish, however, revealed that in general scores were similar between impact and reference 
sites. The two exceptions were reference site 40032, which had the highest average SMA 
score, and impact site 80027 which had the lowest average score. Both deviations were 
probably related to species differences. Site 80027 was composed of 83% (10112) stingrays 
which did not develop SMA (stingrays instead had scattered macrophages with melanin). In 
contrast, reference site 40032 was composed of 50% (4/8) tonguefish and 37.5% (3/8) 
croakers. Both tonguefish and croakers from site 40032 had the highest average SMA scores 
when compared to the same species collected from other sites. Tonguefish and croakers from 
site 40032 also happened to be the largest and presumably oldest groups of fish of their 



respective species. 
The distribution of larger/older fish in reference sites is important with respect to SMA 

because macrophage aggregates in yellow perch (Percaf7avescens)(Brown and George, 1985) 
and Pacific hemng (Clupea harengus)(Mw er al., 1993) have both been found to be age- 
related. In both species, incidence andlor severity of macrophage aggregates (renal MA in 
perch; hepatic, splenic, and renal MA in hen-ing) were found to increase with increasing age. 
If size is a function of age in croakers and tonguefish, macrophage scores should be evaluated 
with respect tc a e  size of fish collected. For example, although croakers from impact sites 
40006 and 40007 had average SMA scores which were similar to reference sites 40015 and 
40016, their scores are probably more significant since fish. from both impact sites were also 
the smallest (and presumably youngest) croakers sampled. The distribution of largerlolder 
tonguefish at two reference sites also provides some explanation for their higher than 
expected SMA scores. 

Another possible explanation for lower than expected SMA scores at impact sites is 
that xenobiotic exposure may have had a direct impact on splenic inflammatory response by 
killing macrophages andlor their precursors. Spazier er al. (1992) found markedly reduced 
numbers of splenic macrophages and a complete absence of SMA in eels from the Rhine river 
exposed to a mixed pesticide spill. Lower than expected impact site SMA scores, in this 
study, could represent a similar phenomenon. 

In summary, moderate to severe necrosis of splenic lymphoid and myeloid tissue was 
associated with impact sites and could be related to xenobiotic contamination at those sites. 
While nbt immediately lethal, both lesions would severely compromise the immune system 
and result in increased infections, morbidity, and mortality. A more thorough assessment of 
the immune system, in future studies, should include histopathologic examination of all major 
lymphomyeloid organs including thymus and head kidney in teleosts, and Leydig and 
epigonal organs in elasmobranchs. Hematologic assessment of peripheral blood, gross 
weights and measurements of lymphomyeloid organs would be two additional means of 
helping to assess damage to the immune system. 

Liver. Glycogen depletion (GD) was one of three lesions, observed in this study, 
associated with loss or accumuiation of material within hepatocyte cytosol. Fish hepatocytes 
normally have abundant glycogen stores and loss of glycogen is a common, non-specific 
lesion which can be seen under a variety of stressful conditions including infection, 
parasitism, and exposure to xenobiotics (Meyers and Hendricks, 1985; Eurell and Haensly, 
1981; Sabo et al., 1975; Hawkes, 1977; Hawkes, 1980; Woodward er al., 1983; Spitsbergen et 
al., 1988b). Only in tonguefish were GD scores from impact sites markedly higher than 
scores in fish from reference sites. Tonguefish from impact sites, however, were also 
markedly smallerlyounger than fish from reference sites and differences in GD may simply be 
an age-related phenomenon. 

Lipidosis (LIP), another non-specific lesion characterized by the accumulation of 
excessive cytoplasmic lipid in hepatocytes, was seen in many fish, but was not consistently 
associated with impact sites. Gobies from three of five impact sites had lower LIP scores 
than gobies from reference sites. In contrast, LIP was observed in croakers from three impact 
sites while croakers from two of three reference sites had none. Increased hepatic lipidosis, 



following xenobiotic exposure, has been documented in many studies (Eurell and Haensly, 
1981; Fletcher et al., 1982; Khan and Kiceniuk, 1984; McCain et al., 1978; Solangi and . 

Overstreet, 1982; Spitsbergen et al., 1988b). Other studies, however, have shown decreased 
levels of hepatic lipid in response to xenobiotic exposure (Haensly et al., 1982; Sabo et al., 
1975; Woodward et al., 1983). The question of whether or not the accumulation or loss of 
lipid is species related should be addressed in any future studies. In addition, the mechanisms 
of fatty change in teleost liver need investigation. These may reflect uansient diminution of 
ATP levels, presentation of excessive fatty acids to hepatocjrtes, diiknished apoprotein 
synthesis, and possibly microtubule disaggregation (Hinton et al., 1978). 

The third hepatocyte storage defect, observed in this study, was eosinophilic 
cytoplasmic inclusions (ECI). Although we have not definitively identified what the lesion 
represents, a viral etiology seems unlikely based on the irregular nature of the inclusions and 
lack of distinct margins. A more likely possibility is that the inclusions represent either large 
lysosomes/phagolysosomes, peroxsosomes, or degenerative vacuoles. Hepatic ECI were a 
common finding in rainbow trout exposed to TCDD (Spitsbergen et al., 198th; Helder, 1982) 
and were occasionally observed in yellow perch exposed to TCDD (Spitsbergen et al., 
1988b). Transmission electron microscopy (TEM) studies by Helder (1982) and others 
studying the effects of halogenated aromati6 hydrocarbons in laboratory animals (Norbeck and 
Allen, 1972; Turner and Collins, 1983; Z i e r m a n ,  1978) revealed that ultrastructurally ECI 
were "myelin figures," a common hepatocellular response to chemical damage. ECI certainly 
may be associated with xenobiotic exposure, in this study, as ECI were observed in gobies 
from three of five impact sites, and were found in tonguefish from one of two impact sites 
where tonguefish were collected. In contrast, no ECI were seen in either gobies or tonguefish 
collected from the three reference sites. Hepatic ECI should probably be monitored in any 
future studies, at least in two species (gobies and tonguefish), and the use of TEM could help 
to definitively identify what these inclusions represent. 

Hepatic macrophage aggregates (HMA) have been previously associated with 
xenobiotic exposure (Woke, 1992; Woke et al., 1985; Haensly et al., 1982; Marty et al., 
1993), but there were few differences between impact and reference sites in this study. The 
only exception were tonguefish which had no HMA at two impact sites, compared to low 
levels at two reference sites. This again is probably age-related as larger/older tonguefish 
were collected from reference sites. 

Hepatic megalocytosis (MEG)is an interesting lesion characterized by marked 
karyomegaly andlor cytomegaly, and is thought to represent a form of sublethal hepatic injury 
which may persist for months (Groff et al., 1992; Kent et al., 1988). MEG has been 
observed in rainbow trout exposed to pyrmlizidine alkaloids (Hendricks et al., 1981) and 
medaka (Oryzias latipes) exposed to diethylnitrosamine (Hinton et al., 1988). 'Megalocytic 
hepatosis" is also the most commonly encountered idiopathic lesion found in English sole 
(Parophrys vetulur) from contaminated sites within Puget Sound (Myers et al., 1987) and has 
been seen in fish from chemically contaminated sites in the Kanawha river, West Virginia 
(Hinton and Lauren, unpublished observations) and in Sebastes rockfish from Prince William 
sound exposed to crude oil from the Exxon Valdez oil spill (Marty et al., 1993). 

MEG was observed in gobies collected from two of five impact sites. Interestingly, 
croakers from the same two impact sites (40002 and 40006) also had low levels of MEG, as 



did tonguefish from site 40002. No MEG was found in croakers collected from the three 
reference sites. Although MEG was found in gobies and tonguefish from one reference site 
each, average scores were low and MEG may be a good hepatic biomarker of exposure and 
effect (Myers et al., 1991). 

Hyalinization of vessel walls (HVW) was a lesion targeting the major blood vessels in 
the liver. Although HVW has not been reported in the literature, its pathogenesis may be 
similar to sinusoidal fibrosis (deposition of collagen in hepatic perisinusoidal spaces) observed 
in rainbow trout experimentally exposed to crude oil via feeding (Hawkes, 1977) and in 
Sebastes rockfish from Prince William sound exposed to crude oil from the Exxon Valdez oil 
spill (Marty et al., 1993). Damage to yascular endothelium, with subsequent collagen 
deposition and/or fibrosis, may be a common pathway for both H W  and sinusoidal fibrosis. 
Prevalence and severity of HVW were quite low, but the trend in both gobies and croakers 
was for higher average scores in impact versus reference sites, and the lesion may be 
associated with xenobiotic exposure. The trend was strongest in croakers, where fish from 
four of five sites had H W  (compared to none at reference sites). The pattern was reversed 
with HVW scores in tonguefish (HVW present in fish from reference sites and not at impact 
sites), but this again may be age-related as fish from reference sites were larger and 
presumably older. 

Foci of cellular alteration (FCA) were only observed in four fish (three from impact 
sites and one from a reference site). FCA are putative prenwplastic lesions and have been 
associated with both contaminated marine habitats (Johnson et al., 1993; Landahl er al., 1990; 
Murchelano and Woke, 1991; Myers et al., 1987; Myers er al., 1991) and fish experimentally 
exposed to known carcinogens (Hinton er al., 1985; Hinton et al., 1988; Hendricks et al., 
1984). Although, in this study, FCA were rare and no hepatic neoplasms were found, the 
vast majority of fish collected were small (and presumably young) and were not expected to 
present with many preneoplastic or neoplastic liver lesions. Sampling largerlolder fish would 
certainly increase the probability of fmding such lesions. Interestingly, FCA have been 
recently been reported (Myers er al., 1994) in adult white croakers sampled from several U.S. 
westcoast sites including the Los Angeles area. Three of the four fish with FCA in this study 
were croakers. 

An alternative to targeting older fish for FCA and hepatic neoplasms would be to 
utilize enzyme histochemisuy to determine if enzyme altered foci (EAF)are present. 
Although tissue preparation and analysis are more involved (snap freezing followed by either 
freeze-drying or cryostat sectioning and enzyme histochemical assays) compared to routine 
paraffm processing, EAF are the earliest preneoplastic lesion observed, following carcinogen 
exposure, and are often present in the abgence of other histologic alterations in the liver (Teh 
and Hinton, 1993). 

In summary, although the differences in liver lesion scores between impact and 
reference sites were not statistically significant, several hepatic lesions (ECI, MEG, and 
HVW) were consistently associated with the impact sites and should be monitored in future 
studies. Increasing the sample size and aging the fish would help to determine if these 
differences are real, and expansion of sampling to include older year classes would increase 
the probability of detecting slow developing, chronic lesions such as hepatic neoplasms. 



Skin. Cutaneous melanophore hyperplasia was observed in stingrays, from impact site 
80027, and tonguefish from both reference and impact sites. Although not overt neoplasms, 
rnelanophore hyperplasia is 'considered a preneoplastic lesion which could progress into 
malignant chromatophoromas (pigment cell tumors). Melanophore hyperplasia and neoplasia 
(as well as other foxms of chromatophore hyperplasia and neoplasia) have been associated 
with several species of fish from impacted aquatic environments including: 1) butterflyfish 
(Chaetodon spp.) from Hawaiian waters (Okihiro, 1988); 2) croakers (Nibea mitsukurii) from 
Pacific coast of Japan (Kimura et al., 1984); 3) mkfish (Sebmres spp.) from Cordell bank, 
north of the Farallon Island Radioactive Waste Dump (FIRWD)(Okihiro et al., 1993; 4) 
sablefish (Anoplopoma fimbria) from the FIRWD (Okihiro, unpublished data); and 5) 
freshwater drum (Aplodinotus grunnienr) from the Great Lakes (Okihiro, unpublished data). 
Melanophore/chromatophore hyperplasia and neoplasia should certainly be monitored in any 
future studies, especially if older year classes are sampled as these lesions are likely slow to 
develop and progress. 

Gills. Gills were collected primarily for use with P450 immunohistochemistry, but 
were briefly screened and did have some histologic lesions consistent with xenobiotic 
exposure. A more complete examination, alohg the lines of what was done with spleen and 
liver, is recommended. In addition, it would be interesting to see how well histopathology 
scores correlate with gill P450 immunohistochemistry. 

Gonads. In this study, ovaries from several species had varying degrees of oocyte 
atresia and mixed inflammation. Higher prevalence of oocyte atresia has been associated with 
xenobiotic exposure in several fish species including eels exposed to crude oil from the 
Amoco Cadiz oil spill (Lopez et al., 1981) and English sole from sites in Puget Sound, 
Washington contaminated with aromatic hydrocarbons and PCBs (Johnson et al., 1988). 
Premature oocyte necrosis has also been observed in mammals exposed to aromatic 
hydrocarbons (Mattison and Nightingale, 1980; Mattison er al., 1983). 

Testes from some white croakers and a few cusk-eels, in this study, were very small 
with little or no sperm production. Alrhough the majority of affected testes were from 
smaller (and presumably younger) fish, without age data we cannot be sure that the affected 
testes simply represent immature gonads from younger males. It is also certainly possible 
that the lesions represent anophic testes from fish exposed to xenobiotics, especially since 
three intersex fish were also taken from impact sites (and none from reference sites). Male 
feminization, testicular atrophy, and intersex gonads have been documented in fish, reptiles, 
buds, and mammals from contaminated environments (Colbom and Clement, 1992; Fry, 
1981). 

Again, increasing the sample size, aging fish, and thorough evaluation of gonads for 
histologic lesions will help to determine if ovarian and testicular lesions are related to 
xenobiotic exposure. 



Cytochrome P4501A: Induction of cytochrome P4501A (CYPIA) in fish is primarily 
associated with exposure to coplanar polyarornatic or polyhalogenated hydrocarbons (Jiminez 
and Stegeman, 1990; Lech er al., 1982; Stegeman and Hahn 1994) and numerous field studies 
have documented elevated CYPlA in fish from contaminated sites (Goksoyr and Forlin, 1992; 
Munkimick et al., 1994; Johnson et al., 1988; Stein et al., 1992). Despite the long 
association of CYPlA induction with contaminated sites, the relationship with toxicity has 
historically been uncertain at best. 

Recently, however, several studies have piessnted data suggesting that induction of 
CYPlA may be directly linked with adverse reproductive effects in mammals. TCDD, a 
halogenated aromatic hydrocarbon and established CYPlA inducer, is a known endocrine 
disrupter (Peterson et al., 1993) with antiestrogenic effects in mammals (Safe et al., 1991). 
The antiestrogenic effect of TCDD (and probably other CYPlA inducers) is mediated by the 
aryl hydrocarbon (Ah) receptor, resulting in alteration of the estrogen receptor (ER) and its 
ability to promote gene transcription. The exact means by which Ah receptor binding and 
activation accomplish these effects is still not fully understood, but potential mechanisms 
include: 1)decreased estrogen binding to the estrogen receptor (Wang er al., 1993); 2) 
increased estrogen metabolism (Spink et al., 1990); 3) down-regulation of estrogen receptor 
protein (White and Gasiewicz, 1993); and 4)'blocking of estrogen responsive gene 
transcription (Zacharewski et al., 1991; Zacharewski er al., 1994). 

Studies with fsh  have also revealed associations between CYPlA inducers and 
adverse reproductive effects. Zebrafish (Brachydanio rerio) exposed to TCDD have 
significantly impaired reproductive function (Wannernacher et al., 1992). In addition, chronic 
dietary exposure of rainbow trout to another CYPlA inducer, Aroclor 1254 (Lech et al., 
1982), resulted in decreased responsiveness to 17B-esaadiol as measured by plasma 
vitellogenin leveIs (Chen et al., 1986). Atlantic croakers (Micropogonias undulam) exposed 
to Aroclor 1254 and benzo[a]pyrene had depressed levels of plasma estradiol and vitellogenin, 
impaired steroidogenesis, and decreased ovarian growth (Thomas, 1990). Several field studies 
have also linked CYPlA induction with reproductive dysfunction in fish (Johnson et al., 
1988; Munkittrick er al., 1994). 

In this study, CYPlA was evaluated using two methods; immunohistochemistry and 
the 7-ethoxyresorufin 0-deeylase (EROD) assay. The two methods are both useful, but 
measure different things. The irnmunohistochernical assay (using monoclonal antibodies 
specific for CYPlA in rainbow trout or scup) localizes the enzyme in tissue section. 
Although intensity of stain can reflect relative amount of CYPIA, immunohistochemistry does 
not provide any direct information on enzyme activity. The EROD assay, in connast, while 
incapable of localizing enzyme activity within an organ, does provide direct information with 
respect to CYPlA activity (at least with respect to deethylation of synthetic ethoxyresorufin), 
and EROD activity is generally considered reflective of CYPlA induction (Stegeman er al., 
1990). 

Of the two assays, P450 irnmunohistochemisay generated much more consistent data 
with respect to defining differences between impact and reference sites, and when results were 
compared with splenic histopathology scores. In every organ examined (gill, gonad, spleen, 
and liver), P450 scores from impact sites were consistently higher than those from reference 
sites. In many cases, differences were dramatic and statistically higher in impact sites. 



In contrast, EROD activlty tended to be erratic and even when the data was sorted on 
the basis of species, no consistent patterns developed. Only when compansons were made 
based on the dominant species collected did some coherent patterns emerge. Average EROD 
activity at the two reference sites was sharply lower than that of fish from five of six impact 
sites, bringing them more in line with the immunohistochemical P450 and splenic lesion 
scores. Although we cannot in good conscience selectively ignore data, a case can be made 
for focusing primarily on EROD activity from the dominant species from both reference sites. 

At reference site 40015, EROD samples were taken from eight gobies and two 
croakers. Average EROD activity for the two croakers was more than twice as high (75 
pmol/min-mg) when compared to the eight gobies (31 pmol/min-mg). The argument could be 
made that based on numbers (8/10), habits (temtoriality), and habitat (burrows in the 
sediment) that gobies are more representative of site 40015 than are croakers. And since 
gobies from impact site 40001 were induced, lower EROD values at reference site 40015 
probably reflect site-specific conditions. 

Similar arguments can be made for reference site 40016 where tonguefish comprised 
73% (811 1) of the sample. Average EROD activity in tonguefish (8.5 pmoUmin-mg) was 6.5 
times lower than that in the two croakers in the sample and more than 17 times lower than 
EROD activity in the only cusk-eel caught at'the site. It simply makes no sense to average 
EROD activity from all three species and designate that as representative of the site. 

On the other hand, it also makes little sense to compare different sites with EROD 
data derived from five different species - which we were eventually forced to do. The 
obvious solution is to increase the sample size so that sufficient EROD samples are available 
from the different species to make valid site to site comparisons. Eventually, when habits and 
habitats of the different species are established, certain species may be selectively chosen for 
EROD analysis and other species avoided. If sufficient numbers can be obtained, the . 
burrowing habits of the goby make this species a strong candidate as an indicator of site 
specific contamination in future studies. 

OveraII, P450 immunohistochemistry proved to be superior to the EROD assay in this 
study. The advantages with imrnunohistochemistry included: 1) no additional samples needed 
to be taken (ie. paraffin blocks used for histopathology were also used for 
immunohistochemistry); 2) sample preservation was the same as histopathology (10% 
formalin); 3) P450 could be localized within organs; 4) multiple organs could be run 
simultaneously; and 5) the results consistently separated impact from reference sites. 
Although the EROD assay is useful in determining CYPlA activity, if sample size becomes 
limiting (as was the case in this study), imrnunohistmhemistry would be the assay of choice. 



Indices: 
Hepatosomatic Index (HSI). Hepatosomatic index (HSI) was determined for almost 

all fish. The only exception was stingrays, the majority of which were too large for the scale 
used. Average HSI was lower at two reference sites (40016 and 40032) when compared to 
the six impact sites. Sorting the data based on species revealed no significant differences in 
HSI with respect to site with gobies or tonguefish. In croakers, however, average HSI in fish 
from five impact sites was marginally to markedly higher than HSI from the three reference 
sites. 

Differences in HSI, in croakers from different sites, could be the result of several 
factors including; age, sex, body weight, and exposure to xenobiotics. Age, sex, and body 
weight are critical factors influencing HSI in juvenile (personal communication, Swee Teh, 
VM:APC, UCD) and adult medaka (unpublished data, Mark Okihiio, VM:APC, UCD). In 
juvenile medaka, HSI decreases from one to six weeks post-hatch, but following week six, 
HSI starts to increase. The rate of HSI increase, between six and 11 weeks, is similar 
between male and females, but following sexual maturity (11 weeks), differences between 
sexes become magnified and HSI is consistently higher in female medaka. Studies with adult 
(> 1 year) medaka have revealed that HSI continues to increaSe as fish grow and increase in 
body weight. Again, the increase is more pronounced in female medaka. 

Among croakers, there were no consistent uends with respect to sex which appear to 
account for HSI differences. There were, however, differences in size as fish from reference 
sites were consistently longer and heavier than croakers from four of five impact sites. The 
heavier body weight could explain the lower HSI in croakers from reference sites if the fish 
were in the initial stages of juvenile liver development when HSI is falling with increasing 
age. On the other hand, if croakers were sexually mature, then HSI differences between 
impact and reference sites are the opposite of what is expected (higher HSI in heavier fish) 
and may be due to xenobiotic exposure and subsequent Iiver growth by hyperplasia, 
hypertrophy, or both. Increased HSI (as well as increased EROD activity and decreased GSI) 
has been observed in male and female white suckers exposed to pulp mill effluent 
(Munkittrick et al., 1994). It is not known whether lower HSI has been associated with 
contaminated marine environments. Increasing the sample size and aging fish, in future 
studies, will help to determine if differences in HSI are attributable to xenobiotic 
contamination. 

Gonadosomatic Index (GSI). Gonadosomatic (GSI) was determined for the majority 
of fish collected, but there were few consistent differences between sites. Among gobies, fish 
from reference site 40015 had markedly higher GSI when compared to GSI from impact site 
fish. Among croakers, fish from impact site 40002 had higher average GSI when compared 
to croakers from the three reference sites. Comparisons among the other three species 
(tonguefish, cusk-eels, and stingrays) could not be made as either the fish were collected from 
only one site or gonad weights were not taken. In general, it was often difficult to obtain an 
accurate GSI because gonads were often very small and could not be reliably separated from 
adjacent swim bladder (which was often seen in histologic section). GSI evaluation was 
especially difficult in female tonguefish, as ovaries were located within deep diverticulae 
making a clean dissection almost impossible. 



Decreased GSI has been reported in: 1) several fish species exposed to pulp mill 
effluent (Munkimick et al., 1992a; Munkittrick er al., 1992b; Munkitmck er al., 1994); 2) 
bream (Abramis brama) from sites in the Rhine river (Germany) contaminated with 
organochlorines and aromatic hydrocarbons (Sloof and DeZwart, 1983); and 3) English sole 
from sites in Puget Sound, Washington contaminated with aromatic hydrocarbons and PCBs 
(Johnson et al., 1988). Increased ovary-somatic index (along with decreased reproductive 
success) has been reported in longhorn sculpin (Myxocephalus ocrodecernspinosus) 
cx?erimentally exposed to crude oil (Khan, 1991). 

Although neither decreased nor increased GSI was consistently associated with impact 
sites in this study, sample sizes among the five species taken were often very small and valid 
conclusions cannot be drawn until more data is available. Semng minimum sizefage . 

requirements for GSI assessment would markedly improve accuracy. In addition, correlation 
with gonadal histopathology may help determine why GSI differences exist. 

Condition Index (CI). There were no significant or consistent differences in 
condition index (CI),between impact and reference sites, among any of the five species 
examined. 



Fish Collection and Necropsy: 
Collection Methodology. In this initial invesagation, improvisation was occasionally 

called for. In future studies, collection methods and protocols should be standardized and 
contingency plans made, as much as possible, ahead of time. For this study, we utilized both 
beam and otter trawls. The major advantage of the otter mwl appeared to be decreasing the 
likelihood of collecting a large plug of mud in the "caught end." The drawback to the otter 
uawl was that with the larger mesh size, smaller fish could potentially be lost. 
Standardization of trawl type, net "eye" size, and net length should be made and alternative 
plans formalized. 

Duration of trawl runs and total number of trawls greatly affect sampling success. In 
this study, 15 minute uawls were used and as many attempts a s  necessary were made until 15 
fish were caught. Trawls of longer duration resulted in more mud in the "caught end  and 
increased morbidity and mortality. Longer trawls, however, also produce more fish. A 15 
minute time limit should be adhered to in future studies, but with the option to increase run 
duration depending on catch success. 

Number mwls attempted was not recorded, but should be in the future as number of 
attempts is indicative of fish abundance and an important endpoint. Alternatively, the same 
endpoint may be achieved by applying the same number of attempts at each site and then 
comparing numbers caught by site. With the latter, sample size between sites may vary 
widely. 

Maintenance of fish after capture is an important consideration that also needs 
addressing. In this study, fish were held in buckets on board ship and then transferred to 
holding tanks at the SCRWWP laboratory. The on ship facilities were inadequate for large 
numbers of fish and resulted in increased morbidity and mortality. Holding facilities on 
collection vessels needs to be improved (ie. flow though tanks with aeration) and holding 
times, both on ship and in the laboratory, kept as short as possible to minimize potential 
interference with assays, and to provide uniform conditions between collections. 

In this study, some fish died from injuries sustained during capture. Necropsy and 
histologic examination revealed moderate to severe autolysis, rendering them useless for 
biochemical and immunohistochemical analyses. Dead fish with moderate autolysis were still 
useful for routine histology and probably could be used for residue analysis. In future 
studies, the usefulness of dead fish (for histology and residue analysis) can be maximized if 
they are iced immediately and necropsied as soon as possible. Dead fish; speciated, sized, 
aged, and sexed could also provide additional valuable information even if no further analyses 
are conducted. 

Species Selection. Despite initial attempts to focus on bay gobies, inadequate 
numbers forced us to select several alternative species. The question now is were any of 
these the "right" species? It is likely that there is no one ideal "indicator" species for the 
entire California coast, but that different species have varying responses to different classes of 
xenobiotics. In retrospect, it is actually fortuitous that we studied several species because we 
now have data on five different species, all of which appear sensitive with some respect to 
contaminated sediments.. 

For future studies, priority lists of target fish species should be generated. Selection of 
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prefened species should be based on availability, ease of capture, habitat, and sensihvity to 
xenobiotics. Our findings indicate that the four teleost species used in this study (croakers, 
aobies, cusk-eels, and tonguefish) satisfied the criteria for availability and ease of capture. In 
addition, three of the four (gobies, cusk-eels, and tonguefish) also have the "right" type of 
habitat in that they were in intimate contact with bottom sediments, and as such should 
certainly be placed higher on the priority list. The last and perhaps most important criterion, 
sensitivity to contaminants, has already been discussed, but all five species had relatively 
similar splenic and hepatic lesions, and induced CYPlA. Additional information relating to 
normal biology (anatomy, histology, physiology) and behavior (nocturnal versus diurnal, 
territoriality, migratory and feeding patterns) should be also assembled to increase the 
precision of future collection schema and analyses. 

A major factor influencing species availability is location. The California coast varies 
tremendously in types of ecosystems and environments, and the present study is representative 
of only quiet harbors and protected inshore regions. Habitats with other characteristics (ie. 
sandy beaches, rocky reefs, and kelp beds) will have to be assessed separately with respect to 
species distribution and availab'ity. There are dmnatic changes in the spectrum of inshore 
fish species as one moves from the Mendecino coast south to the Baha peninsula, and fume 
studies will have to take this into account .l%ially, although priority lists are desirable, 
ultimately the deciding factor is simply what is available at the time of sampling. This was 
certainly the case with this study. We started out with a goal to sample only bay gobies, but 
ended up taking five different species. 

Sampling Criteria. Although the current study did not have specific sampling criteria 
with respect to size, age, or sex these factors should be considered for any future studies. 
Upper and lower size limits should be set so that similar year classes are compared. 
Comparison of similar size fish is almost as important as comparing the same species because 
older fish tend to have higher prevalences of chronic lesions (including tumors). To simplify 
matters, size limits should be based on length rather than weight. Size limits will have to 
vary according to the species selected as upper size certainly varies greatly. 

Age data should also be generated via analysis of either otoliths or scales. Although 
ideally all fish should be aged, a compromise solution would be to consult or develop (if not 
available) age versus length tables for all target species, from data gathered at reference sites. 
Age of fish from impact sites could then be estimated based on length. 

Whenever possible an attempt should also be made to collect sufficient numbers of 
male and female fish to determine if sex-specific differences exist in lesion prevalence and 
severity, or in CYPlA induction. Unfortunately, this is ofien difficult as the majority of 
marine teleost species have little sexual dimorphism, especially with regard to 
youngerlsmaller fih. 

Sample Size. Although 15 was selected as the sample size for this study, that 
decision was arbitrary and sample size should be based on statistical criteria (ie. what is 
needed to discriminate between sites). For the present, the 15 fish sample size can be 
adhered to as long as only single species are involved. As more studies of this type are done, 
the basis for setting sample size should become more apparent. 



A more important question is what to do if (as was the case in th~s study) more than 
one species is caught? Should we attempt to look at equal numbers of each species (ie. three 
each of the five different species) or should the fish be sampled in the order that they are 
caught. The probably answer is that once priority lists are generated, the species sampled 
from a mixed catch should be based on that list For example, if we know that yellowfin 
gobies are the best "indicator" species in muddy harbor ecosystems, then all the gobies should 
be sampled first, followed by the second and third best "responders" until a agreed upon limit 
is reached. 

Determination of a final limit, when multiple species are collected, should again be 
based on statistical criteria In this study, strict adherence to the 15 fish sample size resulted 
in major obstacles when it came time to make site to site comparisons. For example, all 15 
fish collected from site 40013 were croakers, while 13 of 15 fish from site 40015 were gobies 
and 10 of 12 fish from site 80027 stingrays. The obvious solution, for future studies, is to 
increase the sample size for each species so that valid statistical comparisons are possible. A 
minimum sample size of 10 fish per species per site (with sampling to include the two or 
three top species in a given priority list) would certainly help maximize the potential for site 
to site comparisons. In addition, surplus samples may be formalin-fxed (for histopathology) 
or frozen (for chemical analysis) and archiv~d. Analysis of archived samples, at a later date, 
can help form a baseline for comparisons over the temporal scale. 

An alternative solution to the multiple species dilemma is to select several reference 
sites where baseline "control" data can be accumulated. If histopathologic, biochemical, and 
contaminant residue data can be gathered at a few clean sites, for a l l  target species, then 
comparisons can be made between results from impact sites and previously accumulated 
reference data. 

When to Sample. Obviously time of sampling is very important. In this study, 
collection was in the fall (October 1993) and large numbers of juvenile croakers and 
tonguefish were caught. If our intention is to catch smaller/younger fish, it may be desirable 
to make fall sampling a standard. Standardization of collection dates would help to minimize 
the possibility of seasonal catch variation. If, however, the goal is to capture other species 
and age groups, sampling should probably be shifted, as seasonal migration may affect 
relative abundance of a given species. In addition, reproductive cycles could affect whether 
or not juveniles or adults are caught in a given month, and may have profound effscts on 
GSI, HSI, P450s, and other parameters. 

Another consideration is whether to conduct collections during day or night This 
study used both and nocturnal species certainly proved easier to collect at night. The general 
consensus was that night sampling was more productive and markedly increased the chances 
of collecting certain species like cusk-eels. Final decisions on when to sample should be 
based on species, but certainly more background information on basic biology, habits, and 
habitas of targeted species is needed in order to ensure sampling efficiency. 

Catch Data. All catch data is potentially important, but how much data is sufficient? 
Abundance of fish and dismbution of various parameters (species, age, size, and sex) could 
be useful, especially if collection techniques are standardized. Catch data could be used to 



augment biochemical and histologic analyses and, in similar fashion, comparisons made from 
site to site and year to year. 

Site Analyses. Additional information needs to be collected and made available 
concerning the sites themselves. Parameters such as sediment composition, water 
temperature, salinity, geographical location, local fishing pressure, and proximity to effluents 
all impact on fish populations and need to be taken into consideration for site selection and 
comparisons. 

Necropsy Logistics. In this study, sufficient personnel were not always available to 
handle fish of this study. Speed of pr&essing is primarily determined by the speed of the 
pathologist and, with the current protocol, only 4-6 fish can be processed within an hour. 
With this limitation, only 30-50 fish per day can be handled by a two person dissection team, 
with one person performing the dissection and the second person recording the data and 
processing the EROD biochemical liver samples. In future studies, if more fish need to be 
processed, additional personnel are essential to successfulIy perform these initial but easily 
overlooked steps. 

We were fortunate, in this study, to have had the SCCvVRP laboratory available to us. 
That facility was not only large, but had &fling water, dilute nitric acid, a cold room with 
flow through tanks and air lines (allowing us to keep fish live for extended periods), and 
abundant counter and freezer space. If possible, any future work should also be done at this 
facility or at a comparably equipped site. 

Dissection Protocol. Dissection protocols need to be re-evaluated and streamlined in 
order to maximize the number of fish which can be adequately processed in a timely manner. 
Gonads were often difficult to identify and remove in smaller fish. Tonguefish were 
especially difficult as ovaries often extended far back in divexticulae running under the 
vertebral column. Excision of tonguefish ovaries often resulted in inclusion of fragments of 
skeletal muscle and inaccurate ovarian weights. Inclusion of GSI in future studies, should be 
based on size of targeted fish (setting a lower limit to exclude smaller fish) and species 
(avoiding those with inaccessible gonads). Many organs (kidney, heart, brain, swim bladder, 
gastrointestinal tract,and skin) were by design not routinely sampled for histopathology. 
Some of these may provide important additional information and should be considered for 
future studies. 



Conclusions 

It was obvious at the start of this study that our goal of sampling 15 bay gobies from 
nine sites over a 2-3 day period was much too simplistic. Sampling took considerably longer 
than expected and we were eventually forced to use multiple species. The biggest drawback 
to multiple species was that sample sizes were unequal and often very small. Increasing the 
sample size, for select species ia future smdies, will certainly help. Although lesions and 
P450 activity were detected in all five species, three (yellowfin gobies, white croakers, and 
tonguefish) were the most useful in that they were found in sufficient numbers to @ow 
comparisons between impact and reference sites. 

Of the histologic biomarkers examined, the most important were splenic lymphoid 
necrosis and necrosis of hematopoietic cells. Average scores for these two lesions were 
consistently higher in fish from contaminated sites and the combined effect may be varying 
degrees of immunosuppression, which could directly impact on the survival of fish. In 
contrast, site differences in liver lesion scores were often slight. Some hepatic markers, 
notably ECI, MEG, and HVW, however, were consistently associated with impact sites and 
may be useful in future studies, especially if sample size is increased and older f i h  examined. 

Of the two methods used to assess cytochrome P4501A induction, 
immunohistochemistry proved most valuable, revealing clear differences between reference 
and impact sites (which had consistently and sometimes significantly higher P450 scores). In 
contrast, EROD activity was often erratic and not nearly as definitive. Only when EROD 
activity was averaged for the predominant species collected did differences emerge between 
reference and impact sites. 

Of the three indices examined, surprisingly HSI was the most useful in distinguishing 
between impact and reference sites. Without accurate age data, however, we were unable to 
ascertain whether elevated HSI in croakers from impact sites was due to normal hepatic 
development or xenobiotic exposure. GSI is a valuable index, but did not reveal consistent 
differences between impact and reference sites. 

Some of the reasons why GSI was not useful, in this study, were that fish were often 
so small that obtaining accurate gonadal weights was difficult or impossible. A more 
effective alternative would be to use histopathology to assess gonadal status. Ovarian 
follicular atresia, testicular atrophy, and intersex gonads were all observed when gonads were 
screened to identify sex. If gonadal histology is correlated with age data (to differentiate 
immature gonads from xenobiotic induced lesions), differences between impact and reference 
sites could emerge. 

Overall, the biomarker approach (using multiple species and a few select assays) was 
effective in separating reference from impact sites and enabled us to assess both xenobiotic 
exposure (P450induction) and deleterious effect (splenic and hepatic lesions). 



Recommendations for the 

Goby Biomarker Study 


1. 	 Age Data: Age of fish was not determined in this study. Aging fish will allow 
lesions which are age-related (ie. macrophage aggregates) to be differentiated from 
those which are truly contaminant induced. Aging fish will also help to differentiate 
immature gonads from gonads with contaminant induced airophy andlor feminization. 
Fish carcasses have not been processed for residue analysis and it is highly 
recommended that otoliths or scales (whichever is appropriate) be sampled and 
analyzed for age. 

2. 	 Contaminant Residues in Fish Tissue: Fish carcasses were collected and frozen, but 
have not yet been run for contaminant residues. Residue analysis is also highly 
recommended as it would: 1) provide specific data on body burdens; 2) allow 
correlation of sediment contaminant data with tissue residues; and 3) permit lesion and 
CYPlA induction data to be correlated with body burdens. Costs can be minimized 
by assaying for only those chemicals already shown to be at high levels in sediment. 

3. 	 Fluorescence absorbing compounds (FAC) Analysis: Bile samples were taken from 
every fish, frozen and archived. FACs are a measure of PAH metabolites and would 
also be very helpful in assessing exposure. Again costs can be minimized by 
analyzing a subset of bide samples from fish collected at sites heavily contaminated 
with PAHs. 

4. 	 Correlation of Histologic Lesion Prevalencefseverity and CYPlA induction with 
Sediment Contaminant Data: This was a blind study and, as such, sediment 
contaminant data was not made available until the study was almost complete. 
Correlation of lesion and CYPlA data with current information on sediment 
contaminants may permit closer association of biomarkers with specific classes of 
xenobiotic chemicals. 

5. 	 Analysis of Additional Histologic Tissues: Preliminary screen of several other 
organs, which were not scored, did reveal lesions compatible with contaminant 
exposure. Of those organs, we have almost complete (samples from all I27 fish) sets 
of gill and gonad. Gonads were especially intriguing with the possibiity of both 
testicular atrophy and intersex gonads being present Complete (identification of 
lesions and scoring individual samples) histologic analysis of both organs (gill and 
gonad) is recommended. 



General Recommendations 

1. 	 Fish Collection: 
a. 	 Standardize collection methodology (trawl type, run duration, number of 

anempts, etc.), but retain flexibility to alter methods depending on habitat and 
circumstances. 

b. 	 Minimize stess, morbidity, and mortality by using live-wells, on collection 
vessels, and maintaining fish in flow through tanks with refrigerated water prior 
to necropsy. 

c. 	 Use freshly dead fish for histopathology andlor residue analysis, if there are 
inadequate numbers of live fish. Alternatively, speciate, measure, age, and sex 
dead fish for population based site to site comparisons. 

d. 	 Create priority lists (based on criteria maximizing the probability of finding 
lesions in resident fish) for different coastal ecosystems. For example, a 
Southern California muddy harbor site would have a priority list of: 1) 
yellowfin gobies; 2) tonguefish; and 3) white croakers. In contrast, a Northern 
California kelp bed study site would have a priority list including: 1) smped 
surfperch; 2) kelp greenling; and 3) black and yellow rockfkh. 

e. 	 Use generated priority lists to include or exclude different species from the 
sample based on their standings. 

f. 	 Have sample sizes set for each site, but increase sample size if more than one 
species is collected. For example, if the per site sample size is 15, increase it 
to 20 or 30 (10 per species) if two or three high priority species are caught 

g. 	 Consider setting either minimal or maximal size limits so that similar sizelage 
classes can be compared between sites. 

2. 	 Necropsy: 
a. 	 Have adequate facillities (counter space, freezers, holding tanks, etc.) available 

to perform necropsies, process and store tissue samples. 
b. 	 Have adequate personel available to necropsy fish promptly, process sampled, 

and record data. 
c. 	 Streamline instrument cleaning and decontamination protocols to enable 

necropsies to proceed at a reasonable pace. 
d. 	 Have at least two scales available; one to accurately weigh organs (rated to 

0.001 gm) and another for body weights (range dependent on upper size l i t  
of the study). 

e. 	 Indices: 
1) Use GSI only if fish. are large enough for gonads to be cleanly excised 

and accurate weights taken. 
2) Continue to use both HSI and CI as gross biomarkers of health. 

f. 	 Standardize necropsy protocols so that all fish are examined for gross external 
and internal lesions, and no organs are overlooked. 

inn 



g. 	 Histopathology Samples: 
1) Minimal histopathology sampling should include spleen, liver, and 

gonad. 
2) 	 Consider expanding sampling so the immune status can be fully 

evaluated. In addition to spleen, sample head kidney and thymus in 
teleost fish, and epigonal and Leydig organ in elasmobranchs. 

3) 	 Consider raking other organs (kidney, heart, GI mct, gill, brain) for at 
least archival storage (either in formalin or paraffin). Costs would be 
minimal and tissues could be analyzed if a more complete analysis is 
needed. 

h. 	 P450 Samples: . 
1) P450 immunohistochemistry can be run on the same samples used for 

histopathology. 
2) 	 Liver samples for EROD activity can be considered optional if 

immunohistochemistry is performed. 
I. 	 Take either otoliths or scales and age fish. 
j. 	 Take carcasses for xenobiotic residue analysis and correlate body burdens with 

lesion scores and P450 activi~. 

3. 	 Tissue Processing: 
a. 	 Minimize contact of fixed tissues with alcohol and process as soon as possible 

to minimize loss of P450 antigenicity during immunohistochemical assay. 
b. 	 Cassette and p d i n  process gonad separate from other organs to avoid loss 

during processing or accidental sectioning through of blocks. 

4. 	 Lesion Evaluation and Scoring: 
a. 	 Continue to have all assays (histopathology, immunohistochemistry, EROD) 

read blind so as not to bias results. 
b. 	 Standardize scoring criteria so that changes (in lesion and P450 scores) at 

specific sites can be evaluated over time, and data from different studies are 
comparable. 

c. 	 Sort all lesion and P450data on the basis of species, sex, and age so that valid 
site to site comparisons can be made. 
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80027 Huntington H a r k  - Middle 95 9/15/92 76 0.01900 2.60 7500 1.30 

-

h) 

O 
0 

80027 
80027 
80027 
80027 

Huntington Harbor - Middle 
Huntington Harbor - Mid* 
Huntington Harbor - Middle 
Huntington Harbor - Middle 

96 
1177 
1178 
1179 

9/15/92 
3/30/94 
3/30/94 
3/30/94 





' o l y m m b  Hydmcsrba,(PAW Resld- In Sdmentlmm Nbe Sner lnlhs Los Aweten Habm Am& 
Idata In pans prblllon @@). 

100% C o M b n  
SneName a Dale ACY ACE ANl BAA BAP BBF BKF BGP BEP BPH CHA DBA DMN FLA FLU IN0 MNPl W P Z  MPHl NPH PHN PER PVR TMN 

CansolIdatadSlp 
C e n ~ d a l e dSllp 
Cmd!dalsd SEp 
CdIdatad SHp 
Consdldaled Slb 

3 Beach H d r  C h  2 

wr rneemwy Bay 
lerChnenswayBay 
wr Ouwmway Bay 
wouenamea,
rert3eanmsyBay 

IWIdandSlop 
,rmlnal ldandstqi 
.rnI,ml Island Stop 

19 (senPehDBay) 
19 (sanPedm Bay] 
19 (ssnPedmW)
19 (Sari Peho Bay) 

lgon Haibor- Midde 
glen thibor- Mlddls 
won War- Mldne 

td 	 glmHama - Mlddeglen Haiba. Mid& 

0 

0 

h) 



oby Bbmarksr S W .  Polychbmaled BpheW (PCB: ) S8dlmr,IDale. 
I PCB vaIue= leponsdlnpaffi p r  b l m (ppb). 

IDORGC~l lp lb "  
See Name X Dae 

Wssl Sash- Pler 143 5 7EaaZ 

Consolldaled SIp 18 7 R l m  
Cmddaled Sw 1050 211194 
Con-led* 1051 2/1/94 
con-led snp 1052 211m 
Consollda~edSllp 17 7 n l m  

Average 
Standard Emr 

hmr(XleemmyBay 37 QRm 

1-7 Queelamy Bay 1058 211m 
Inmr O m e m v B a v  1057 211M 

1056 211M 
38 QRm 

Avarqs 
Standard Ermr 

Flsh Harbor E n l n m  43 8118182 
Fl6hH* m m m  44 8118182 
FhhHartatmnm 4s 8118182 

A v s m  
Standard Ermr 

Tsdna l  IslsndSlop 46 811692 
Temlnal IslandSlop 47 811692 
Tennlnal Island Stop 48 8118182 

A m w e  
St=* Ermr 

Poh19 (Sari Pedm Bay) 103 8119192 

P 
Poh 19 (SanP& Bay) 
POlsl9(?dnP&Bay) 

104 
81 

8118182 
7RO"n 

-
h) 
0
0 

Pota 19 panP d m  Bay) 

HumlnglonH e -Mdde 

105 

95 

8119192 
Avenge 

StrndsrdE m  

911592 
HumlrgonH d -Mdds 08 wt592 
HunllngonW r - Midm 1177 1Ro194 
Humlngnn Hater- Mldde 11n  m 4 
Hunurga W r - MMm 1179 -4 

Average 
Standard Ermr 

PCB 
6 

PCB 
16 

PCB 
28 

PCB 
44 

PCB 
52 

PCB 
68 

PCB 
87 

PCB 
101 

PCB 
105 

PCB 
118 

PCB 
128 

PCB 
138 

PCB 
3 

PCB 
170 

PCB 
180 

PCB 
l e z  

PCB 
195 

PCB 
206 

PCB 
209 

ARO 
5460 

0 . m  
0 . m  
0 .m 
0 . m  
0 . m  
am 
am0 
o m  

0 . m  
o m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0.m 

3 . m  
4203 
5.890 
6.360 
3.370 
3.800 
4.237 
0.430 

9.300 
11.m 
15500 
11.m 
8.710 

13.m 
11518 
1.019 

0 . m  0 . m  2.800 6 . m  

0 . m  
0 . m  
0 . m  
0 .m 
1500 
0 . m  
0.300 

4 .m  
1.690 
2.090 
1.860 
7.700 
3.556 
1.169 

8.800 
1 .m  
8DM 
9.770 
7 . m  
6.784 
1.381 

l 8 .m  
19.100 
17.100 
17.800 
18.m 
17.960 
0.330 

1 .m  5.200 6.100 14.m 

0 . m  
0 . m  
0 . m  
O . m  
0 . m  
O.m 
0 . m  

l.m 
0.549 
0 . m  
1240 
1.100 
0.778 
0.226 

1.700 
0.m 
0.680 
1960 
0 . m  
1.160 
0.277 

3 . m -
1.630 
1.480 
2.920 
2.803 
2388 
0.333 

0 . m  
0 . m  
0 . m  
0 . m  
O.m 

0 . m  
0 . m  
o m  
0.187 
0.167 

1.800 
o m  
1.m 
1200 
0.308 

4.m 
3 . m  
2m 
3 . m  
0.493 

0 . m  
O.m 
O . m  
0 . m  
om0  

0.m 
0.620 
0 . m  
0.887 
0.033 

1.m 
0500 
1.m 
0 . m  
0.208 

4.500 
2 .m  
5 . m  
4 . m  
0.754 

0 . m  
0 .m 
0 . m  
0 . m  
0 .m 
o m  

0 . m  
0 . m  
0 . m  
0 . m  
o m  
a m  

O . m  
0 . m  
0 . m  
1.m 
0.254 
0.250 

1.100 
1200 
1 .m  
2 .m  
1575 
0.347 

O.m 
0 . m  
0 . m  
0 . m  
o m  
0 . m  
0 . m  

0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  
0 . m  

0 . m  
1.200 
0.962 
1 x 0  
1280 
0.952 
0.245 

3 .m 
2 .m  
2330 
2.080 
2330 
2.488 
0.162 



nppendrx 6. Arnphlpod (Rhepoxynius abranlus) Toxlcny Tern. Sedrnenl Graln Organic C a h n, and Sediment Trbufylin Data 
from Ntne Snes in the Los Angeles Hamar Area. 

Siie # Site Name 

Rhepuxynius 
abronius 

Mean %Survival 
(Sediment) 

ID ORG Mlleaion 
# Dsle 

Standard 
DwiaIion 

Of lab 
replicates 

Statistid 
Significance 

Sediment 
Grain Sae 
(% fmes) 

Total 
Organic 

Carbon (TOG) 

Sediment 

Southwest Slip 
Southwest Slip 
Southwest Slip 
Southwest Slip 
Southwest Slip 
Southwest Slip 

1 
2 

1062 
1063 
1054 

3 

7/29/92 
7/29/92 
2/1/94 
2/1/94 
2/1/94 
7/29/92 
Average 

70.06 
71.65 
62.63 
63.54 
46.4 
80.54 
65.803 

West Basln - Pier 143 5 7/30/92 75.47 

Consolidated Slip 
Consolidated Slip 
Consolidated 8iib 
'Consolidated S I ~  
Consolidated Slip 

16 
1050 
1051 
1052 
17 

7/31/92 
211194 
2/1/94 
2/1/94 
7151182 
A w e  

90.9 
93.6 
94.03 
94.58 
92.92 
93206 

Long Beach Harbw - Ch. 2 20 9/lrS2 79.82 

Inner Cueensway Bay 
lnner Cueensway Bay 
Inner Odeensway Bay 
Inner Cueensway Bay 
lnner Cueensway Bay 

37 
1056 
i o n  
1058 
38 

9/2/92 
Z lR4  
2/1/94 
2HB4 
g m 2  

Average 

94.6 
20.47 
21.4'3 
3833 
90 

52.978 

~ s hHarbor ~ntranca 
Fish Harbor Entrance 
nsh Harbor Entrance 

43 
44 
45 

8/19/92 
8/19/92' 
8/19/92 
A w e  

63.1 1 
37 

29.37 
43.16 

Terminal Island Stop 
Terminal Island Slop 
Terminal IslandSto~ 

46 
47 
48 

8/18/92 
8/18192 
Ell8182 
Average 

Pola19(Sari P6dmBay) 
Pola 19(San P6dm Bay) 
Pola 19(~anPedm Bay) 
Pda 19 (SenPedm Bey) 

103 
104 
81 
105 

8/19/92 
8/19/92 
7AOr92 
8/19/92 
Average 

~ ~ 
80027 
80027 
80027 
80027 

2 7Hunlington Harbor -Mi& 
Huntington Harbor - Middle 
H~lnlingtonHarbor - Mlddle 
hunlington Harbor - Middle 
Hunlington Harbor - Middle 

95 
06 
I177 
1178 
1179 

9/15/92 
8/1532 
3430~94 
3/30/94 
3/30J94 
Average 

67 
44 
93 
78 
89 

74.2 

Statistical SigniRcanca: Test Sample ReWve lo LabControls 

' significanla10.05 level.'sIgnlRcan1 at 0.10 level 

ns -not signlcanl 
ND-not done 



1 2 6 7 1 3  1 5  1 6  32 80027 


Samplfng Slte 
(a l l  	.It0 numbor-. r x o r p t  thm I r l t .  r r r  plum 400001 I-. rltm 1 - 40001) 

A 	 pendlx 7 Heavy Metals Arsenlc. ~ k a d .  
~ i c R e ~ .  in Sediment from bfin- Sltes fn theTin)

Los Anaeles Harbor Area. 
200 

&a 	Tin 
Fa 	 Nickel 

Lead 
0 	Arsenic 

-= 
eL 
-
2
C 

= 100 

P-."= 
s 

P 

0 



0 

Appendlx 7c. Heav Metals (Chromlum.
Copper. Manganese.. &nc) In Sedfrnent.from 
Nine Sites in the LOS Angeles Harbor Area. 

anstsa 

es Chromlum 

I I I I I I 

1 2 6 	 7 19 15 16 32 80027 
Sampling Site 

(all m l t r  numbor.. o x c m p t  tho I r m t .  r r r  p l u m  4 0 0 0 0 1  1.. m l t r  1 - 40001) 

A pendlx i d .  Metals <Aluminum and 

Pron) In Sedlm",",?V&om Nlne Sltss In the 


Lo6 Angeles Harbor Area. 




A endlx 8a Pestlcid&. (CCHLOR. ACDEN. 

DPZLDRIN) gesldues In Sediment from Nlne 


Sltes In the Los Angeles Harbor Area. 


30 m DIELDRIN 
&3 ACDEN 
0 CCHLOR 

20 

10 

0 
I 

1 2 6 7 1 3  1 5  16 32 80027 
Sampllng Slte 

(111 - i t - nurnbrrr.  m x o r p t  t h o  i r m t .  r r r  p l u m  400001 i r .  m l t r  1 - 40001) 

endlx 8b. Pesticide OPDDD. OPDDE. 
*8#DDT) Residues In Sedlrnrnt from Nlne 

Sites n tho Lo8 Anaeles Harbor Area. 

OPDDT I 
0 OPDDDOPDDE I 



A endix 8c. Pesticide PPDDD. PPDDC.I4kDn~]Residues in 5 from NlneSed rnent 
Sites n the Los Angelas Harbor Area. 

0 
I I I I I I I 

1 2 6 7 1 3  15 1 8  32 80027 

(rll r l t r  numbrr r .  

Sarnpllng Slte 
r x ~ r p ttho l r r t .  r r r  p lur  4 0 0 0 0 ~10. r l t r  1 - 40001) 

A endlx 8d. Pestlolde <HCB METHOXY.TNBEA.TOXAPH) Rssldues In Aedlrnent from 
Nlne Sltes In the Los Angeles Harbor Area. 

n 	TOXAPH 
o 	TNONA 

METHOXY 
HCB 



A pendix 8a. Polyarornatlc Hydrocarbon (SAP.
~ A A .ANT. ACE) Residues in Sediment from 
Nlne Sltes In the Los Angeles Harbor Area. 

. 4000 

0 	 BAP 
BAA 

ES ANT 
W ACE 

3000 

zz 
CT -
---C 
0 

= 	2000
zi 

n-z 
CL 

1000 

0 

1 2 6 7 13 15 16 32 80027 
Sarnpllng Slte 

Call 	 r l t r  nurnbrrr .  r x o r p t  t h r  l r r t .  r r r  p lur  400001 I r .  r l t r  3 - 4000'0 

Ap endlx Bb. Polyaromatic Hydrocarbon (DBA.ZHR.BPH, BPE) Residue- In Sedlment from 
Nlne Sites in the l o s  Angeles Harbor Area. 

4000 

BBBl 	 BPH 
BEP 



Appendlx 00- Pol 

FLA. FLU. PHN. P?R 


Nlne Sftms in t h e  

aromatlo ~ ~ d r o c a r b o n(DMN.
Resldues In Sedlment fromf!oa Angeles Harbor Area. 

0 PYR 
PHN 
FLU 
FLA 

BBI DMN 

1 2 6 7 13 15 1 6  92 60027 

Sampling Slte 
( 1 1 1  	 r l t r  nurnbrr-. r x o l p t  t h r  11-1. r r r  plus 400001 1s. -It- 1 - 40001) 

Ap endlx 8d.MRPO, MPHI 
Nlne Sltes 

I 
700 


600 


53' 
500
CL 

-C s 
s 400= 
CL 

300 
hz! 


200 


100 


0 


Pol 
PE&)


'In the 
n 

aromatic Hydrocarbon (MNP1.
Residues in Sedlment from 

Los Angeles Harbor Area. 
I 

0 	PER 
MPHl 

E 	 MNPP 
MNPl 



Appandlx 10a .  Pol: 2hlorlnated 6lphsnyl PCB 8. 18, 
28, 44. 52)  Levels In Sedlmant from A ine Los 

Angeles H a r b o r  S l tes .  
50 I I 

1 2 8 7 13 15 1 8  32 60027 

C r l l  r l t r  n u m b r r r .  r x a r p t  

Sampllng 

t h o  1r.t. r r r  

Site 

p l u r  0 0 0 0 0 ~Ir.  r t t r  1 - 4 0 0 0 7 )  

7 0  

A 
1 

pendlx
106. 

lob. Poiyohlorlnated Biphenyl (PCB 66.
l le.  128) Levels In Sedlment from Nlne 

Los Angeles Harbor Sites. 
I 



Appendix 10c. Polychlorinated Bipt-nyl PCB 138. 
153. 170. 180) Levels In Sediment from $4 lne Loe 

Angelas Harbor Sltes. 

Sampllng Site 

( r l t  r l t r  numbrrr.  r x o r p t  tho l r r t .  r r r  plur 40000; r l t r  1 - 40001) 


A endix 1Od. Polychlorinated Biphenyl PCB 187.lgg, 206. 208) Levels in Sediment from Llne Los 
Angeles Harbor Sltes. 



Appendix 1la, Goby BimarkerShrdy. RanCbm Numbers. 

UCD# UCDRandom# IDORG# 

1 93H63-64 50136 

2 93H63-23 50137 

3 93H63-108 50138 

4 93H63-80 50139 

5 93H63-3 50140 

6 93H63-26 50141 

7 93H 63-44 50142 

8 93H63-B8 501.19 

9 93H63-29 50144 

10 93H63-6 50145 

11 93H63-76 50146 

12 93H63-89 50147 


52 93H63-9 50062 

53 93H 63 -75 50069 

54 93H 63 -79 60W 

55 93H63-92 50188 

56 93H63-73 M l W  

n ~ 3 ~ 6 3 - 5 4  50190 

58 93H63-31 ' 50065 

59 93H 63 -70 50066 


SITE# 
40315 
40315 
40315 
40015 
40015 
40015 
40015 
40015 
40015 
40015 
40015 
40015 

40307 
40307 
40007 
40032 
40332 
40032 
-7 
40007 

SITE NAME 

ENTPANCE TO FISH HARB3R 

ENTPANCE TO FISH HARBOR 

ENTRANCE TO FlSH HARBOR 

ENTRANCETO FISH HARBOR 

ENTRANCE TO FLSH HARBOR 

ENTRANCETO FISH HAR83R 

ENTRANCE TO FISH HARB3R 

ENTRANCE TO FiSH HAR83R 

ENTRANCETO FlSH H A m  

ENTRANCE TO FLSH HAR83R 

ENTRANCE TO FlSH HARB3R 

ENTRANCE TO FISH HARBOR 


CONSOUDATED SUP 
SOLrmWESTSUP 
SOLrmWESTSUP 
SO~WESTSUP 
S O W 1  SUP 
SOUTHWESTSUP 

ENTRANCETOFLSH HA-
ENTRANCETO FlSH HAREOR 
ENTRANCETO FlSH HAREOR 

POLA 19 
POLA 19 
WLA 19 
POLA 19 
POLA 19 
WLA 19 
WLA 19 

TERM ISLANDSTOP 
TERM ISLAND STOP 
TERM ISlAND STOP 
TERM ISLAND STOP 
TERM ISLAND STOP 
TERM ISLANDSTOP 
TERM ISLAND STOP 
TERM ISlANDSTOP 
TERM ISLAND STOP 
TERM ISLAND STOP 
TERM ISLAND STOP 
TERMECANDSTOP 
TERM ISLAND STOP 
TERM ISLAND SrOP 
TERM ISLAND SrOP 
TERM ISLAND STOP 
TERM BAND STOP 
TERM ELAND STOP 
TERM ISLAND STOP 
TERM ISLAND STOP 
TERM ISLAND STCP 
7WMISLANDSTOP 

LONG BEACH HARBOR CHANNEL2 
LONG BEACH HARBOR CHANNEL 2 
LONG EACH HARBOR CHANNEL 2 
LONG BEACH HARBOR CHANNEL 2 

WLA19 
WLA 19 
POLA 19 

LONGBEACHHARBORCHANNEL2 
LONG BEACH HARBOR CHANNEL2 



Appendix I l b. 'Sbldl'. Ran'&m Numtm. 

UCD # ID ORG # smn SITE NAME 
LONG BEACH HARBOR CHANNEL 
LONG BEACH HARBOR CHANNEL 
LONG BEACH HARBOR CHANNEL 
LONG BEACH HARBOR CHANNEL 
LONGBEACHHARBOR CHANNEL 
LONG BEACH HARBOR CHANNEL 
LONG BEACH HARBOR CHANNEL 
LONG BEACH HARBOR CHANNEL 

INNER QUEENSWAY BAY - .-.-- . 
INNER OUEENSWAY&I\Y 
INNER OUEENSWAY BAY 
INNER WEENSWAY BAY 

INNER OUEENSWAY BAY 
INNER~UEENSWAYBAY 
INNEROUEENSWAY R4Y 
INNEROUEENSWAYBAY 
INNER OUEENSWAY BAY 
INNEROUEENSWAY BAY 
INNEROUEENSWAY BAY 

INNEROUEENSWAY BAY 

WESTBASIN PlER 143 

WEST BASIN PlER 143 


WE.- !%SIN PlER 4 4 3  

HU~NGTCNHARBORMID 
HUNllNGlCN HARBOR;MID 
HUEmNGTONHARBORMID 
HUNTINOTONHARBOR,MID 
HUNTINGTONHARBOR MID 
Iro srmrterrul UAEI-



Appendix 1%. Goby BiomarkerS*. Fishard Sim Id8nbXcabcn.SortedAmding m s. 

UCD# SITENAME- SPECIES CONDITION DATE 
13 CONSOUDATED SUP YELLOWFIN GOBY UVE 1Om3 

CONSOUDATED SUP W ECROAKER DEAD 10m3 
50033 
50034 

REPW 
REPM 

4M06 
40006 

W H E  CROAKER 
W H E  CROAKER 

DEAD ' 

DEAD 
10/8/93 
100243 

DEAD 10AQ3 
DEAD 100243 
DEAD 101893 

CONSOUDATED SUP W H E  CROAKER DEAD 1 W 3  
CONSOUDATED SUP WHITE CROAKER DEAD 10,833 
CONSOUDATED SUP WHITE CROAKER DEAD 1oml3 

. CONSOUDATEDSUP W ECROAKER MORIBUND 1 W 3  
CONSOUDATED SUP MORIBUND 1 W 3  
CONSWDATED SUP UVE 101893 
CONSOUDATED SUP MORIBUND 1 W 3  
CONSOUDATEDSUP IJK. 1 W 3  
CONSOUDATEDSUP UVE ' 1oml3 
CONSOUDATED SUP - - -  UVE lW8193 
CONSOUDATED SUP UVE 10&93 

ENTR4NCE.TO FISH HARBOR YaLMNnNGOBY UM 1 W 3  
m N C E  TO FISH HARBOR YELLOWFIN OOBY UVE 10,593 
ENTRANCETOFISHHARBOR YELLOWFIN OOBY U M  10/y83 
ENTRANCE TO FISH W  R YaLMNnNOOW U M  1 ~ m 3  
ENTRANCETOFISHHARBOR U M  1 W 3  
PITRANCETOFISHHARBOR UVE l o m 3  
ENTRANCETO FISH HARBOR U M  101593 
PITRANCETOFISH HARBOR 
ENTRANCETOFISHH A m  

50145 REP10 40015 ENTRANCE TO FISHHARBOR U M  1015193 
50146 REP11 40015 ENTRANCETOFISHHARBOR UVE 10,593 
50147 REP12 40015 ENIR4NCETOFlSH HARBOR DEAD 1015193 
50148 REP13 40015 ENTRANCE TO FISH HARBOR U M  1016193 
50149 REP14 40015 ENTR4NCE TO FISH HARBOR UVE 1016rS3 
50150 REP 15 40015 U M  1016193 

HUFmNGTON W\REDR MID STINGRAY 
HUNTINGTON HARBX,MID STINGRAY 

50048 REP03 80027 HUNnNGTON HAR839 MD STINGRAY 
50049 REPW 80327 HUNTINGTON HAR83R. MD STINGRAY 
5M)50 R E P S  80327 HUNTINOTON HARBX,MD STINGRAY 
60351 REP06 80027 HUNTINGTON HARBX,MD Y E L L W N  OOW 
M052 REP07 80027 HUN11NGtONHAW.X MD STINGRAY 
50053 EPOB BOOn HUNTINGTON H A W MD STINGRAY 
50054 
50055 

REP09
REP 10 

BMm~ ~ ~-

80027 
HUNTINGTON HAR83R. MID 
HUNTINGTON H A W R .  MD 

STINGRAY 
STINGRAY 

- - 
DEAD l W 3  

XX)56 REP 11 80027 HUNTINGTON HAR83R MID STINGRAY DEAD l W 3  
50357 REP 12 ' 80027 YOLOWFIN OOBY 



-- 

Appendix I2b. W 

UCD Il 

69 


y BbmarkerShdy. FishandSim &mibdon. SorredAamdingm Site. 

IDORG.# REP#- SITE# SITE NAME SPECIES 
REP01 INNER WEENSWAY BAY WHTE CROAKER 
REP02 INNER WEENSWAY BAY W H E  CROAKER 
REP m INNER WEENSWAY BAY WHITE CROAKER 
REP04 INNER WEENSWAY BAY WHITE CROAKER 
REP0s INNER WEENSWAY BAY WHITE CROAKER 
REP06 INNER WEENSWAY BAY WHITE CROAKER 
REP 07 INNER WEENSWAY BAY wmCROAKER 
REP08 INNER WEENSWAY BAY WHITECROAKER 
REP@ INNER WEENSWAY BAY WHITECROAKER 
REP 10 INNER WEENSWAY BAY wmCROAKER 
REP11 INNER WEENSWAY BAY WHITECROAKER 
REP 12 INNER WEENSWAYBAY WHITECROAKER 
REP 13 INNERQUEENSWAY BAY WHITE CROAKER 
REP 14 INNER OUEENSWAY BAY w m  CROAKER 
REP 15 INNERQUEENSWAY BAY WHnE CROAKER 

REP LONG BEACH H A R ~  WnECROAKERCHANNU~ 
REP03 LONG BEACH WE%.CHANNEL2 WHITE CROAKER 
REP04 LONG BEACH HARBO~CHANNEL 2 W H E  CRa4KER 
REP 0s LONG BEACH flARBOR, CHANNEL2 BASKRWEAE CUSKEEL 
REP03 LONCBEACHHARBOR CHANNEL2 W X F W E A V E  CUSKEEL 
REP 07 LONG BEACH WVIBJR.CHANNEL 2 BASKETWEAVECUSKEEL 
REPca LONG BEACH HARBOR CHANNEL2 BASKETWEAMCUSKEEL 
REP0s LONO BEACH HARBOR CHANNEL2 BASKElWEAE CUSKEEL 
REP 10 LONG BEACH HARBOR CHANNEL2 WHITE CROAKER 
REP 11 LONG BEACH HARBORW N E L 2  MLLMNnN GOBY 
REP 12 LONG BEACH HARBOR.CHANNEL 2 YaLOWnN OOBY 
REP 13 LONG BEACH HARBOR CHANNEL2 TONGUE FISH 
REP 14 LONG BEACH HW(BOR; CHANNEL2 TONGUE flW 
REP 15 LONG BEACH HARBOR.CHANNEL 2 TONGUE RSH 

50181 REP01 40332 WLA 19 WHITECROAKER 
50182 REP02 40032 WLA 19 WHITE C~OAKER 
50183 REPM 40332 WLA 19 WSEtW3.M CUSK EEL 
50184 REP04 40032 WLA 19 TONGUE RSH 
50185 REP& 40032 WLA 19 TONGUEFlSH 
50186 REP03 40332 WLA 19 TONGUE F W  

WLA 19 TONGUE FlSH 
WLA 19 WHITE CROAKER 
WLA 19 WHITECRa4Km 
WLA 19 WHITECROAKER 

CONDITION 

M3RIBUND 


UVE 

UVE 

UVE 

UVE 

UVE 

UVE 

UVE 

UVE 

UVE 

UVE 

UVE 

UVE 

UVE 

UVE 


DEAD 
DEAD 

DEAD 
DEAD-

M3WBUND 

M3RIBUND 

MWBUND 

MOWBUND 

WWBUND 


UVE 

U M  

U M  

U M  

UVE 


DEAD (RECENT) 


U M  

UVE 
U M  
U M  
UM 

U M  

U M  


DEAD (24) 

DEAD (24) 

DEAD (24) 


DATE 
10ffA3 
1WA3 
1 0 n ~ 3  
10ffA3 
1017A3 
Ion193 
1WA3 
10ffA3 
1OnA3 
10n193 
1MA3 
1On193 
1MD3 
1On193 
1Offa3 

1WA3 
1MA3 
1017193 
1MA3 
1017t93 
1WM 
1WA3 
1wA3 
1On193 
1MA3 
1W93 
lWA3 
10n193 
1MD3 
10/7t93 

1016193 
1016193 
10/6193 
1 W 3  
1016193 
lorms3 
l W 3  
1Of7193 
lCv7t93 
1WB3 



Goby Banmkw 3 k y . Fish d S h  I&nb%dm.So& Acmrdng m'Site. 

UCD # IDORG.# REP# SE# SITE NAME SPECIES CONDITION DATE 
14 50316 REP01 40001 SOUTHWESTSUP WHiTE CROAKER M3RIWND 10,893 

50317 REP02 40001 SouTHwESrSUP WHITE CROAKER MORIBUND 10693 
50318 REP& 40001 . ~ ~ X ~ & S T ~ P  UVE 10693 . 
50319 REP04 40001 SOUTHWEST SUP UVE 10693 

UVE 10693 

REP01 TERMISLANDSTOP TONGUE FISH UVE 
REP02 TERMISLAND SrOP TONGUE FISH UVE 
REP 03 TERM ISLANDSTOP TONGUE FISH UVE 
REP 04 TERM ISLAND SrOP TONGUE FlSH U M  
REP 05 TERM ISLAND STOP TONGUE FlSH UVE 
REP 06 TERMISlANDSTOP TONGuEFlYl UVE 
REP 07 TERM ISLAND STOP TONGUE FISH UVE 
REPw TERMISLANDSTOP TONGUE FISH UVE . 
REP c9 TERMISLAND SrOP TONGUE FlSH UVE 
REP I 0  TERM ISLANDSTOP TONGUE FlSH UVE 
REP11 TERMISLANDSTOP TONGUE Flyl UVE 
REP 12 TERM ISLANDSTOP TONGUE FISH UVE 
REP 13 TERM ISLAND STOP TONGUE FISH UVE 
REP 14 TERM ISLANDSTOP TONGUE FISH UVE 
REP 15 TERM'ISLAND STOP TONGUE FlSH UVE 
REP 16 TERM ISLAM)STOP TONGUE flSH UVE 
REP 17 TERM ISLANDSTOP UVE 
REP 18 TERMISLANDSTOP U M  
REP 19 TERMISLANDSTOP UVE 
REP 20 TERM ISLANDSrOP UVE 
REP 21 TERM ISLANDSTOP 
REPP TERM ISLANDSTOP 

50076 REP01 40002 WESTBASlNPIER 143 MORIBUND 
5am REP02 40302 WESTBASlNPIER 143 MORIBUND 
50378 REP03 40002. WEST BASIN PIER 143 UVE 
50379 REP04 4ax)2 WEST BASlNPIER 143 UVE 
5o080 REP05 4ax)2 WEST @NAN PIER 143 LIVE 
50081 REP06 4ax)2 WEST BASIN PIER 143 DEAD 

U M  
UVE 
UVE 
U M  
U M  

50087 REP12 40002 WESTBASlN PIER 143 TONGUE FISH UVE 
50388 REP13 4Mo2 WEST BASIN PIER 143 TONGUE FISH UVE 
SM)BB REP14 40002 WEST BASIN PIER 143 Tt)NGUE FISH U M  
50390 REP15 40002 WEST BASlN PIER 143 TONGUE FISH UVE 



. G o b f B m w S nq.W e Dam 

IDORO.~s m a  SPECIES CMSW 
50136 40015 YELLOWFNGOBY LNE 
50137 40015 YELLOWNGOBY LNE 
50138 40015 YELLOWNGOBY , LNE 
50136 40015 YELU,WNGOBY LNE 
50140 40015 Y E W N G O B Y  W E  
50141 40015 YELLOWNGOBY LNE 
50142 40015 YELLOWNGOBY W E  
50143 40015 YELLOWN GOBY W E  
50144 40015 YELLOWNGOBY W E  
50145 40015 YEUO\rUFNGOBY LlVi 
50146 40015 Y E W N G O B Y  LNE 
50147 40015 Y E W N O O B Y  DU\D 
50031 4MOB Y E W N G C B Y  LNE 
50016 40301 WECROAKER M3-
50017 40301 WECROAKER MomBLw 
SW18 40031 YELLOWNGOBY W E  
SWl9 40031 YELLOWNGOBY LNE 
50020 40301 Y E W N G O B Y  W E  
50148 40015 W H I I E C M R  LNE 
50149 40015 W H E C M R  L M  
50150 40015 WECROAKER W E  
50181 40032 W E C M R  W E  
50182 40032 W E  
50183 40032 W E  
50184 40032 LNE 
50185 4CCC2 W E  
501s 40032 W E  
50187 40032 W E  
50121 m 1 6  LNE 

LNE 
W E  
LNE 
W E  
W E  
W E  
W E  
W E  
W E  
LNE 
LNE 
W E  
W E  
W E  
LNE 
W E  
W E  

BkX4iEMSAMPl.E HISTOPATHOLCGYSWFl lS  
P a BILE LNER SPLEEN SKN 



dix 13b 
uw. 


El 
a 

6) 

a 

85 
ffi 

67 
a, 

m 
m 

n 
72 
n 

74 
75 
76 
n 

76 
7 8 .  

m 
61 
BZ 
€3 
a4 

ffi 

€3 
81 
ffi 

e, 

0 
01 
BZ 
03 
BL 

95 
8B 
m 
€3 
€3 
im 
101 
im 
im 
104 
105 
10s 
107 
108 
1m 
110 
111 
112 
113 
114 
115 
116 
117 
116 
110 
lal 
121 
111 
lZ1 
124 
125 
126 
127 

HISrnPArn03YSAUPLES 
mNDm L M R  S R e N  S I N  C(X14D
hwmum 1 1 ND 1 
WRIBUN) 1 1 ND 1 

LRlE 1 1 ND 1 
LNE 1 1 ND 1 
LNE 1 1 ND 1 

LNE 
WE 
LNE 

LNE 

LNE 

LNE 

L M  

LNE 




ldix 14a. Goby BiomatkcrStudy. Histopathology oftkSplcen. 

LESION ABBREVIAnONS: swm: 
I. SEX = M or F (male or female) 
2. LN = lymphoid nenwis 
3. RPN =redpulp nmsis  
4. PSH =pefiarteriolar sheath hyperplasia 

5. LH =lymphoid h m l a s i a  0 =not present 
6. SC = splenic wngcstion l = mild 
7. SMA =spluic macrophage aggregates 2 = moderate 
8. LD = lymphoid depletion 3 = sevcn 

SPLENIC LESIONS 
ff ID It SI'IE # SITENAME SPEC^ UCDRandomIDff LN RPN PSH LH SC 
1. 50016 40001 SOWTlWETSLIP WHITE CROAKER 93H 63 - 030 3 3 0 0 0 
2. 50017 40001 SO-SLIP WHITE CROAKER 93H63-110 3 2 0 0 0 
3. 50018 40001 SOlJl lWETSLIP YELLOWFIN W B Y  93H 63 - 062 0 0 0 0 3 
4. 50019 40001 SOUlBWEWSLIP W W F I N  GOBY 93H63-119 0 0 0 0 0 
5. 50020 40001 SOUINWEWSLIP YELLOWFIN GOBY 93H 63 - 012 0 0 0 0 3 

AMage 1.2 1 0 0 1.2 
SlandardError 0.657 0.566 0 0 0.657 

SPLENIC LESIONS 
SPECIES UCDRandomIDff LN RPN PSH LH SC SMA 1.D 

WESTBASINPIER 143 WHITECROAKER 93H 63 - 043 2 2 0 0 0 1 0 
WESTBASIN PIER 143 WHITE CROAKER 93H 63 - 083 2 3 0 0 0 
WESTBASMPW 143 WHITECROAKER 93H 63 - 091 1 3 0 0 0 
WESTBASlNPIW 143 WHITECROAKER 93H63-118- 3 1 0 0 0 
WEST BASlN PER 143 WHITE CROAKER 93H63-053 2 2 0 0 0 
WEST BASlN PER 143 YELLOWFIN W B Y  93H 63 - 120 1 2 0 0 0 
WEST BASlN PIER 143 YELLOWFIN W B Y  93H 63 - 109 2 0 I 0 2 
WESTBASINPIER 143 Y E L M W N  W B Y  93H 63 - 124 I 1 1 0 1 
WEST BASIN PIER 143 YELLOWFIN GOBY 93H63-117 2 0 2 0 2 
WEST BASIN PIER 143 TONGUE FISH 9311 63 - 065 0 0 0 0 1 
WESTBASINPIER 143 TONGLE W A  9311 63 - 060 0 1 0 0 0 
Y T B A S l N P W  143 . TONGUE FISH 9311 63 - 022 3 2 0 0 0 
WESTBASINPIER 143 TONGUE FISH 9311 63 - 094 0 0 0 0 1 
WESTBASINPIBR 143 TONGUE FISH 93H 63 - 002 0 0 0 0 2 

Avaage. 1.357 1.214 0.286 0 0.643 
SIandardEmr 0.279 0.289 0.157 0 0.217 

SPLENIC LESIONS 
SPECIES UCDRandomIDX W RPN PSH LII SC 

CONSOLJDATED SLIP YELLOWFIN W B Y  931163 - 015 
CONSOUDATED SLIP WHITE CROAKER 93H 63 - 058 
CONSOLIDATED SLIP WHITE CROAKER 93H 63 - 017 
CONSOLIDATED SLIP WHITE CROAKER 93H 63 - 127 
CONSOLWATED SLIP WHITB CROAKER 93H 63 - 025 
CONSOWA1ED SLIP -.-- -  WHITB CROAKER 93H 63 - 098 
C O N S O W A ~SLIP YELLOWFIN W B Y  93H 63 - 105 
MNSOLWA'IED SLIP ~-~ - - -  YELLOWFIN W B Y  93H 63 - 061 
CONSOLWAEDSLIP 93H 63 - 056 
CONSOLIDAlED SLIP 93H 63 - 066 
CONSOLIDAED SLIP YELLOWFIN GOBY 93H 63 - 046 
CONSOLIDATED SLIP YELLOWFIN GOBY 93H 63 - 074 

Average 
Standard Em1 



SIMP 
S l W  
SIW* 
SIMP 
5 I W  
S l W  
SlW* 
51MV 
5 l W  
51WP 
SIWC 
SlWC 
slw 
SIWC 
SIw 
ram 


A V ~ A V ~ ~ U E N N I  
AVBAV- UENNI 
AW~ v n s m bmita 
A v a  ~ v m m bnama 
A v a  A V n s r n b  UXNNI 
A v a  AVMShCZULb UENNI 
AWAV-~ namu 
AW ~vmshmnbm 



Appendix 14c. Goby BianntnSmd~.Hsq*tholo~oflhcSplca 

LESION ABBR!dVIATIOt€% 
1. SEX-MaF(&orfsn.le) 
L Ui=1*rrPosis 
3. m - d p u l p m m i . 3  
4 PSH =pcdmenok sheathh - M  

SPZENICLESIONS 
SIT??I S'ENAME SPECIES UoRudanma RPN FSH LH SC SMA IIJ 

40016 TERMISLANDSTOP TONOUEFlsH 93863-016 0 0 0 0 1 3 
40016 TERMLSIAM)STOP TUNOUEFISH 93H63-(117 0 0 0 3 1 3 
40016 IWMISIANDSTOP CROAKER 93863-063 0 0 0 1 1 0 
40016 TERMISLANDSPOP WHIIBWOAmR 9 3 ~ ~ .l m  2 0 0 0 I 0 
40016 TERMISLANDSTOP WHllBWOAKER 93H63-001 0 0 0 0 1 I 
40016 TERMISLANDSTOP BWCUSKEt  93H 63- 013 0 0 0 1 0 3 
40016 TERMISLANDSTOP yPIJ.oWFINOOBY 93H63-011 0 . 1  0 0 I I 
40016 TERMISLANDSPOP TONOUEFLSH 93H63-OSO 0 0 0 3 I 3 
40016 TERMISIANDSIOP r n O U B F l s H  93H63-038 0 0 0 3 
40016 TFRMISLANDSIOP TONGUEFISH 93863-039 0 0 0 2 
40016 TERMISIANDSIOP 'IWGUBFiSH % H a - m 2  0 0 0 1 
40016 TERMISIANDSIOP TONOUBFlSH 93x63-122 0 0 0 3 
40016 IWMISIANDSIOP r n o r r e F I S H  93H63-019 0 0 0 1 
40016 TERMISLANDSTOP TONOUBFisH 93x63-090 0 0 0 3 
40016 TERMISIANDSTVP m m m H  93H63-W5 0 0 0 2 

TONOUBFISH 
TONOUBFISH 

93H63-100 
93H 63 - U37 

1 0 0 3 
0 0 0 3 

TONGUBFISH 931163-052 0 0 0 2 
m m m H  93H63-OW 0 0 0 0 
'IONGUEFISH 93863-om 0 0 0 3 
T O N ( I ~ ~ H  931I63-010 0 0 0 1 

Av-r 0.143 0.M8 0 1.667 
S U d r d  Error 0.102 0 . M  0 0.2€4 

S ~ C L F S l O N S  
STIENAME FSH Ui SC 

POL4 19 0 0 0 
POL419 0 0 1 
P O U 19 0 0 2 
POIA 19 0 0 0 
FOU19 0 0 2 
POLA 19 0 0 2 
P O U 1 9  0 0 1 
PXA 19 0 0 0 

0 0 1 
0 0 0.306 

SPZENICrnIONS 
SPECIES UCDRtndanml IN RPN FSll LH SC SMA 

STINGRAY 93H63-033 3 2 2 0 0 0 
STINGRAY 93H63 - 0112 2 3 2 0 0 0 
STINGRAY 93H63-112 1 0 1 0 0 0 
. rnGRAY..-.-.... 93H63-014 0 0 0 0 0 0 
STINGRAY 

wmGOBY 
93H63-MI 
93H 63 - 057 

I 0 0 0 0 0 
O l 0 0 2 1 

- - - 931163-005 I O I O O O....-

~ O ~ HEROMIDN 	 93H63-072 0 0 1 . 0 0 0 
HUNTINOTONHBR MID 	 93H63-115 2 3 1 0 0 0 

93H63-WO 1 1 1 0 0 0 
93H63-113 3 3 2 0 1 0 
931163.071 0 0 1 0 0 1 

A m r  1.167 1.083 1 0 0.Z 0.167 
Sun&rdEnn 0.308- 0.362 0.204 0 0.172 0.108 



Appendix 14d. 

Goby Biomarkcr Study. Histopalhology of the Ycl IS. 

Silc # Site Namc D # Random # LN WN - PSH SC SMA 
40001 Southwest Slip 50018 93H 63 - 062 0 0 0 3 1 
40001 Southwest Slip 50019 93H 63 - 119 0 0 0 0 1 
40001 Southwest Slip 50020 93H 63 - 012 0 0 0 3 1 

Average 0 0 0 2 1 
Standard Error 0 0 0 0.816 0 

40292 West Basin Picr 143 50081 93H 63 - 120 1 0 1 
40002 West Basin Pier 143 50082 93H 63 - 109 2 2 2 
40002 West Basin Pier 143 50083 93H 63 - 124 1 1 1 
40002 West Basin Pier 143 50084 93H 63 - 117 2 2 1 

Avcragc 1.5 1.25 1.25 
Smdard Error 0.25 0.415 0.217 

40006 Consolidated Slip 50031 , 93H 63-015 0 3 1 
40006 Consolidated Slip 50043 93H 63 - 105 2 1 1 
40006 Consolidated Slip 50044 93H 63 - 061 0 0 2 
40006 Consolidated Slip 50045 93H 63 - 056 2 1 2 
40006 Consolidated Slip 50008 93H 63 - 066 0 2 1 
40006 Consolidated Slip 50009 9 3 ~  2 263 - 046 2 
40006 Consolidated Slip 50010 93H 63 - 074 0 0 1 

A v w c  0.857 1.286 1.429 
Standard Error 0.374 0.389 0.187 

93H 63 - 104 0 1 2 
93H 63 - 049 0 0 2 

Avuagc 0 0.5 2 
StandardEnor 0 0.354 0 

Entrance to Fish Harbor 93H 63 - 064 0 1 1 
Entrance to Fish Harbor 93H 63 - 023 1 0 1 
Enrranec to Fish Harbor 93H 63 - 108 1 3 1 
Entrance to Fish Harbor 93H 63 - 080 1 2 1 
E n m m c e  to FishHarbor 93H 63 - 003 0 1 1 
Enwnec to Fish Harbor 93H 63 - 026 1 0 1 
Entrance to Fish Harbor 93H 63 -W 1 3 1 
Entrance to Fish Harbor 93H 63 - 088 1 1 2 
Entrance to Fish Harbor 93H 63 - 029 1 1 1 
Entrance to Fish Harbor 93H 63 - 006 0 0 2 
E n m c e  to Fiih Harbor 93H 63 - 076 1 1 1 
Entrance to Fish Harbor 93H 63 - 089 0 1 1 

Avaagc 0.667 1.167 1.167 
StandardError 0.136 0.285 0.108 

40016 Term Island Stop 50007 2 0 1 

80027 Huntington Harbor, Mid 50051 93H 63 - 057 0 2 1 
80027 Huntington Harbor. Mid 50057 93H 63 - 071 0 0 1 

Avmgc 0 1 1 
StandardError 0 0.707 0 



Goby Biomder Smdy. Hislopathology of the Whim Croaker Splecns. 

# 
1. 

. Sitc # 
40001 

Sitc Name 
Southwest Slip 

W # 
50016 

Random # 
. '93H 63 -030 

LN 
3 

RPN 
3 

PSH 
0 

LA 
0 

SC 
0 

SMA 
1 

U) 
1 

2. 40001 Southwest Slip 50017 93H63- 110 3 2 0 0 0 1 0 
Avcragc 3 2.5 0 0 0 1 0.5 

Standard Error 0 0.354 0 0 0 0 0.354 

1. 40002 Wesl Basin Pier 143 93H 63 - 043 
2. 40002 Wcsr Basin Pier 143 93H 63 - 083 
3. 40002 West Basin Pier 143 93H 63 - 091 
4. 40002 West Basin Picr 143 93H 63 - 118 
5. 40002 West Basin Pier 143 93H 63 - 053 

Avcrage 
Standard Enor 

1. 40006 Consolidated Slip 93H 63 - 058 
2. 40006 Consolidated Slip 93H 63 - 017 
3. 40006 Consolidated Slip 93H 63 - 127 
4. 40006 Consolidated Slip 93H 63 - 025 
5. 40006 Consolidated Slip 93H 63 - 098 

Average. 
Standard Error 

1. 40007 Long Bcach Harbor. Ch.2 93H 63 - 059 
2. 40007 Long Beach Harbor. Cn.2 93H 63 - 009 
3. 40007 Long Beach H h .  Ch.2 93H 63 - 085 

Avcrage 
Standard Enor 

h aQuansway Bay 93H 63 - 102 
InnerQueensway Bay 93H 63 - 048 
InnaQuecnsway Bay 93H 63 - 086 
InnerQuansway Bay 93H 63 - 095 
InnerQuansway Bay 93H 63 - 068 
InncrQueensway Bay 93H 63 - 069 
InnerQuaensway Bay 93H 63 - 126 
InnerQuansway Bay 93H 63 - 008 
InnerQuaensway Bay 93H 63 - 107 
InnerQuansway Bay 93H 63 - 081 
InnaQuaensway Bay 93H 63 - 078 
Inn= Quknsway Bay 
InnerQuansway Bay 

93H 63 - 097 
93H 63 - 018 

Inn= Quansway Bay 93H 63 - 101 
InnerQuansway Bay 93H 63 - 121 

Avaage 
Standmd Error 

1. 
2. 
3. 

40015 
40015 
40015 

Enwnce to Fish Harbor 
Enwnce to F iHarbor 
Enwnu. to FishHarbor 

50148 
50149 
50150 

93H 63- 125 
93H 63-096 
93H 63 -007 

Avrragc 
Standard Error 

1 
2 
1 

1.333 
0.272 

1 
0 
0 

0.333 
0.272 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 
1 
0 

0.667 
0.272 

1 
2 
1 

1.333 
0.272 

0 
0 
0 
0 
0 

1. 
2. 
3. 

40016 
40016 
40016 

TcrmIsland Stop 
Tcrm Island Stop 
Term Island Stop 

50003 
50004 
50005 

93H 63-063 
93H 63- 103 
93H 63-001 

Avaagc 
Standard Error 

1 
3 
2 
2 

0.471 

0 
2 
0 

0.667 
0.544 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 
0 
0 

0.333 
0.272 

1 
1 
1 
1 
0 

0 
0 
1 

0.333 
0.272 

1. 
2. 
3. 

40032 
40032 
40032 

Pola 19 
Pola 19 
Pola 19 



Appendix 14f. 


Goby Biomzrkcr Smdy. Histopathology of the To nguefish Spleens 


Site # Site Name ID# Random # PSH LH SMA LD 
40002 Wwt Basin Pier 143 50085 93H 63 - 065 0 0 1 3 
40002 West Basin Pier 143 50087 93H 63 - 060 3 2 
40002 West Basin Picr 143 50088 93H 63 - 022 0 2 
4 ~ x 2  West Basin Pier 143 50089 93H63-094 1 2 
40002 Wwt Basin Picr 143 50090 93H 63 - 002 0 3 

Average 1 2.4 
StandardE m  0.49 0.219 

40007 
40007 
400017 

LongBeach Harbor. Ch.2 
Long Bcach Harbor. Ch.2 
LongBeach Harbor. Ch.2 

50073 
50074 
50075 

93H 63 - 047 
93H 63 - 020 
93H 63 - 036 

Average 
Standard Enor 

T m  Island Stop 
T m  Island Stop 
Tan! Island Stop 

93H 63 - 016 
93H 63 - 077 
93H 63 - 050 

T m  Island Stop 
T m  Island Stop 

93H 63 - 038 
93H 63 - 039 

T m  Island Stop 93H 63 - 032 
T m  Island Stop 93H 63 - 122 
T m  Island Stop 
T m  Island Stop 

93H 63 - 019 
93H 63 - 090 

T m  Island Stop 93H 63 - 045 
T m  Island Stop 93H 63 - 100 , 

T m  Island Stop 
T m  Island Stop 

93H 63 - 037 
93H 63 - 052 

T m  Island Stop 93H63-004 
T m  Island Stop 93H 63 -087 
T m  Island Stop 93H 63 - 010 

Avcargc 
Standard Euor 

40032 Pol8 19 50184 93H 63 - 034 
40032 Pola 19 50185 93H 63 - 027 
40032 Pola 19 50186 93H 63 - 084 
40032 Pola 19 50187 93H 63 - 106 

Average 
Standard Enor 



Appendix 14g. 

Goby Biomarker Study. Histoparhology of Basketweave Cuskels Spleens. 

Site # Site Name W # Random # PSH SMA 
40007 Long Beach Harbor.Ch.2 50065 93H 63 - 031 0 0 
40007 Long Beach Hsrbar. Ch.2 50066 93H 63 - 070 0 0 
40007 Long Beach Harbor. Ch.2 50067 93H 63 - 116 0 0 
40007 Long Beach Habar, Ch.2 50068 93H 63 - 024 0 0 
40007 Long Beach Harbor, Ch.2 50069 93H 63 - 042 0 

Average 0 
Standard Ermr 0 

40032 Pola 19 50183 93H 63- 114 0 0 

Appendix'l4h. 
.-

odby~iomarkcxStudy. Histopathology of Round Sringray Spleens. 

Site Name 
Huntington Harbor. Mid 
Huntington Harbor, Mid 

Rsndomi4 
93H 63 - 033 
93H 63 - 082 

LN RPN 
3 2 
2 3 

PSH 
2 
2 

SMA 
0 
0 

Huntington Harbor, Mid 93H 63 - 112 1 0 1 0 
Huntington Harbor. Mid 93H 63 - 014 0 0 0 0 
Huntington Harbor, Mid 93H 63 - 041 1 0 0 0 
Huntington Harbor. Mid 93H 63 - 005 1 0 1 0 
Huntington Harbor, Mid 93H 63 - 072 0 0 1 0 
Huntington Harbor, Mid 93H 63 - 115 2 3 1 0 
Huntingron Harbor, Mid 93H 63 -040 1 1 1 0 
Huntington Harbor, Mid 93H 63 - 113 3 3 2 0 

Avnagc 1.4 1.2 1.1 0 
Standard E m  0.322 0.42 0.221 0 
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Appendix 15e. 
may n i ~ . ~ b i rs u y .  ~ l w d C m h i r h r .~ h m i =  

PC* Fw mHW EP 
0 0 0 0 1 
0 0 0 0 1 
O O O O l 
1 0 0 0 1 
0 0 0 1 1 

0 1  0 0 0 2  1 
0 2  0 0 02 0 

m N A m  LYU 
ROZ3R 0-WAY BAY 0 

0 
0 
0 

> - - ~  I 
Q ~ A YBAY 0 

LWk -WAYBAY 0 
ROZ3RpuEBNIwAYBAY 0 

QLE+DWAYBAY 0 
INNeRQ-AY BAY 0 
MNW QWeMWAYBAY 1 
ROTEX QUE3SWAY BAY I 
MNW Q I W M W A Y  BAY 0 
MNW Q I W M W A Y  BAY 0 
ROTEX QLE+DWAY M Y  0 

0 2  

ma s w r  
50148 UMIS 
50149 UOIS 
50150 4001s 

LIP B O M M I Q I m L Y U m b u a R h  
0 0 0 0 0 0 1 0 0 
0 0 1 0 0 0 1 0 0 
0 0 0 0 0 0 l 0 l 

- 0 o o n  0 0 0 I o o n  
o i l o n  o o o o 0 0 3 3  

sm2NUIB - W I D #  
SOIA I9 ~ C X O A K E R  ¶ H B - ~ I  
SOU 19 WMIEW.OAKER D H B - 1 s  
SOU 19 m Q O M E R  ¶86-C9l 
PQUIF W K m C R O ~  D H a - O n  
)(IU19 WMIBaOAKER DHQ-C54 

A r v r r  
S r d m d k V  



Appendix 15f. 

Goby BiomskerS~dy. Hiampathology of Tonguefish Liver. 


ID# SITE# SITE NAME SPECIES 
50085 40Mn WESTBASINPIER 143 TONGUE FISH 
50086 40002 WEST BASM PIER 143 TONCUE FlSH 
50087 400M WESTBASM PIER 143 TONGUE FISH 
50088 4W02 WEST BASM PIER 143 TONGUE FISH 
50089 40002 WESTBASMPIER 143 TONGUE FISH 
50090 40002 WEST BASIN PIER 143 TONGUE FISH 

IDA SITE# SITENAME SPECIES 
50073 4MKn LONG BEACH HBR. CH2 TONGUE FISH 
50074 40007 LONG BEACH HBR. CH2 TONGUE FISH 

. 50075 40007 LONG BBACH HBR. CH2 TONGUE FISH 

S I B  NAME SPECIE.¶ 
'IHIM ISLAND STOP TONGUE FISH 
TERM ISLAND STOP TONGUEFISH 
TERM ISLAND STOP TONGUEFISH 
TERM ISLAND STOP TONGUE FISH 
TERM ISLAND STOP TONGUE FISH 
TERM ISLAND STOP TONGUE FISH 
TERM ISLAND STOP TONGUE FISH 
TERM ISLAND STOP TONGUE FISH 
TERM ISLAND STOP TONGUE FISH 
TERM ISLAND STOP TONGUE FISH 
lERM ISLAND STOP TONGUEFISH 
TERM ISLAND STOP TONGUE FISH 
TERM ISLAND STOP TONGUE FISH 
TERM ISLAND STOP TONOUE FISH 
TERM ISLAND STOP TONGUE FISH 
TWlM ISLAND STOP TONGUE FISH 
TERM ISLAND STOP TONGUE FISH 

-

p 
td 
0 

ID# 
50184 
50185 
50186 

SI?E# 
40032 
40032 
40032 

SCE NAME 
POLA 19 
POLA 19 
POLA 19 

SPECIES 
TONGUE FISH 
TONGUE FISH 
TONGUE FISH 

W 50187 40032 POLA 19 TONGUE FISH 

UCDRandomlDII GD LIP ECI HMA MM FBG LYM lllN MEG FCA FW NEM H W  
93H 63 - 065 2 0 0 0 0 0 0 0 0 0 0 0 0 
93H 63 - 067 3 0 3 0 0 0 0 0 0 0 0 0 0 
93H 63 - 060 3 0 0 0 0 0 0 0 0 0 0 0 0 
93H 63 - 022 3 0 1 0 0 0 0 , 1 0 0 0 0 0 
93H 63 - 094 3 0 0 0 0 0 0 0 0 0 0 0 0 
93H 63 - 002 1 0 1 0 0 0 0 0 2 0 0 0 0 

Average. 2 5  0 0.83 0 0 0 0 0.170.33 0 0 0 0 
SmdardEmr 0.34 0 0.48 0 0 0 0 0.17 0.33 0 0 0 0 

UCDRandomlDX GD LIP ECI HMA MM FBG LYM IHN MEG FCA FW NEM HVW 
93H 63 - 047 3 0 0 0 0 0 0 0 0 0 0 0 0 
93H 63 -020 3 0 0 0 0 0 0 0 0 0 0 0 0 
93H 63 - 036 3 0 0 0 0 0 0 1 0 0 0 0 0 

Average 3 0 0 0 0 0 0 0 . 3 3 0 0 0 0 0 
Standardh 0 0 0 0 0 0 00.333 0 0 0 0 0 

UCDRandomlDR OD LIP ECI HMA MM FBG LYM IHN MEG FCA FW NEM 1 I W  
93H 63 - 016 2 1 0 1 0 0 1 0 1 0 0 0 0 
93H 63 - 077 2 0 0 0 0 0 0 0 1 0 0 0 C 
93H 63 - 050 1 0 ~ 0 0 0 0 I 0 0 0 0 0 0 
93H 63 - 038 1 0 0 0 0 0 . 0 0 0 0 0 0 0 
93H 63 - 039 0 0 0 0 0 0 0 0 0 0 0 0 0 
93H 63 - 032 I 0 0 2 0 0 I 0 0 0 0 0 0 
93H 63 - 122 3 0 0 0 0 0 0 0 0 0 0 0 0 
931163 -019 0 0 0 0 0 0 0 0 0 0 0 0 1 
93H63-090 .2 0 0 0 0 0 0 0 0 ~ 0 0 0 0 
93H 63 - 055 2 0 0 0 0 0 1 0 0 0 0 0 0 
9311 63.045 l O O l O l O O O O O O O 
93H 63 - I00 3 0 0 1 0 0 1 0 0 0 0 0 0 
93H 63 - 037 2 0 0 1 0 0 1 0 1 0 0 0 0 
93H 63 - 052 2 0 0 ' 2 0 0 0 0 0 0 0 0 0 
93H63-004 0 0 0 0 0 0 0 0 0 0 0 0 1 
93H 63 - 087 3 0 0 1 0 0 0 0 0 0 0 0 0 
931163 -010 2 0 0 0 0 0 0 0 0 0 0 0 0 

Average 1.59 0.06 0 0.53 0 0.06 0.35 0 0.18 0 0 0 0.12 
SlandardEmr 0.24 0.06 0 0.17 0 0.06 0.12 0 0.1 0 0 0 0.08 

UCDRandomIDU GD LIP ECI HMA MMIM F8G LYM lllN MEG FCA IW Nl:M llVW CP 
9311 63 - 034 1 0 0 2 0 0 0 0 0 0 0 0 1 0 
93H 63 - 027 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
93H 63 - 084 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
93H 63 - I06 2 0 0 0 . 0 0 0 1 0 0 0 0 0 0 

Avcragc 1.25 0 0 0.5 0 0 0 0.25 0 0 0 0 0.24 0 



5. Goby Biamarlrer Study. Histapthology of Clult-el Liver. 

ID& 
50065 
50066 
50067 
50068 
50069 

SITEX 
40007 
40007 
40007 
40007 
4000; 

SITE NAME 
LONG BEACH HBR, CH2 
LONG BEAM HBRCHZ 
LONG BEACH HBR, CH2 
LONG BEACH HBR CH2 
LONG BEAM HER, CWZ 

SPECIES 
BW. CUSK EEL 
BW. CUSK EEL 
BW. CUSKEEL 
BW.CUSKEEL 
BW. CUSKEEL 

UCDRandorn ID # 
93H 63 - 031 
93H 63 -070 
93H63-I16 
93H 63 - 024 
93H 63 - 042 

Avuage 
StandardEmr 

GD 
3 
1 
3 
3 
3 

2.6 
0.4 

LIP 
0 
0 
0 
0 
0 
0 
0 

ECI HMA 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

MM 
0 
0 
0 
0 
0 
0 
0 

FBG LYM 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

IHN MEG 
0 0 
0 0 
0 0 
0 1 
0 0 
0 0.2 
0 0.2 

FCA 
0 
0 
0 
0 
1 

0.2 
0.2 

FW NEM I I W  
0 0 1 
0 0 0 
0 0 1 
0 0 0 
0 0 0 
0 0 0.4 
0 0 0.245 

50006 40016 'IERMISLANDSIDP BW. CUSKEEL 

50183 40032 POLA 19 BW. CUSKEEL 

jh. Goby Biomarks Smdy. Hismpsthology of Stingray Liven. 

SITE NAM8 
HUNTINGTON HBR MID 
HUNTINGTON HBR MID 

HUNITNGlUN HBR. MID 
HUNTINGTON HBR MID 
HUNTINGTON HER. MID 
HUNTINGTON HER. MID 
HUNTINGTONHbR MID 

50055 80027 HUNTINGTON HER. MID 
50056 80027 HUNnNGTON HBR MID 

SWCIES 
SnNGRAY 
STINGRAY 
STINGRAY 
STINGRAY 
STINGRAY 
STINGRAY 
STINGRAY 
STINGRAY 
STINGRAY 
STINGRAY 

GD 
2 
2 
2 
2 
2 
0 
2 
2 
3 
2 

1.9 
0.233 

LIP ECI HMA 
2 0 0 
2 0 0 
l 7 . 0  0 
2 0 0 
2 0 0 
0 0 0 
2 0 0 
2 0 0 
3 0 0 
2 0 0 

1.8 0 0 
0.249 0 0 

MM 
1 
1 
2 
3 
3 
0 
3 
1 
2 
1 

1.7 
0.335 

LIVER LESIONS 
FBG LYM INN MEG 

0 2 0 0 
0 2 0 0 
0 1 0 0 
0 0 0 0 
0 1 0 1 
0 0 0 0 
0 0 0 0 
0 1 0 0 
0 0 0 1 
0 1 0 0 
0 0.8 0 0.2 
0 0.249 0 0.133 

FCA 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

FW NEM l l W  
0 0 0 
1 0 0 
0 0 1 
1 0 0 
0 0 0 
2 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0.4 0 0.1 
0.221 0 0.1 

EP 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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BOA l l W  
12 4 
6 0 
4 3 

A""P 733  233 
Sundudh r 24 1.2 

SlTefEl S W N M  S F x E s  ID# UCDRmdomWI BOA w 
4mo2 ~ S T B A S T N P ~ I ~ ~  Y W B W F T N W B Y  50381 9 3 H 6 3 - l m  
4X02 WESTBASINPIWI43 Y~LU)WFWOOBY 5 m 1  9 3 8 6 3 - 1 ~  0 8 
4mo2 W T S T B ~ I I W 1 4 3  Y E i m w m W Y  ma3 93863-124  0 0 
~ ~ 3 2W E I ~ T B A ~ ~ ~ ~ P I W I ~ Y  W W B Y  MDYl 53H63-117 0 0 

A"* 0 267 
Sm7d.d em. 0 267 

BOA HEP 
12 6 
0 3 
0 0 
4 0 
0 6 
0 0 
0 3 
7-29 2.57 
1.71 1.02 

BOA HEP 
0 0 
6 IS 
3 7.5 
3 7.5 

".."...".- BOA HEP 
m c e r n m n ~ ~ l ~ ~ ~ 0 0 
I W R A ~ T O P I U I H A R B O R  0 0 
m C B M P U H  HARBOR 0 3 
mmmarnmnnmrm 9 0 
BNIRANCETVRSHHARBOR 0 0 
mmmarnmnnmrm 0 0 
~ A ~ T O W H I I A R W R  0 0 

11 0 
0 0 
4 0 
0 0 

227 0.27 
1.29 0:27 

M A  m V E  Sve HEP 
0 0 0 0 

W A  O O V E  SVE HEP 
0 0 0 0 
0 0 0 0 
0 0 
0 0 

Lve 
0 
0 
9 
3 
3 

Lve 

0 
0 
0 
0 
0 

Lve 
9 
6 
0 
0 
4 
0 
4 

3.29 
1.32 

KT Kve I v e  

0 

10 

0 

Lve 
0 
0 
0 
0 

KT Kve . IVC E 

Lve 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

Lve 
0 

LVE 
0 
0 
0 

. O 





ndix 16f. my~ i . ~ h s ~ a ~ .P 4 S O ~ b ' i t t o c h c ~ 0 f ~ ~ e d ~ h ~ ~ ~ 0 ~ ~ ~ ~ b .  
LNW KIDNEY INWSllNT! 

sma S ~ N A M E  SP~C~ES mr  u c o ~ m d ~ m m rGPC BD Lye KT KVE I 10 
40002 V B A . T N P E R 1 4 3  , TONOUBWH XCS 93H63-MS IS I5 6 IS I5 8 
40002 WeSTBASINPERl43 TONCNBWH XIX6 93H63-067 0 

. uao+ weXBA.TNPERl43 TON(KRWH xC%l 93H63-OM 10 
4 40002 WeSTBASINPER143 TONOUBWH 9XW 93Hm.OU 12 
5 uao+ WeSTBASINPER14) TONOUBWH SDW 93H63-OW 12 
8 uao+ WeSTBASEiPIW143 TON(1UBWH na90 93H63-W2 IS 

Axnro 10.67 
SL,d"d 5 x . r  z7.8 

(PC Kr KVE rve re 
10 I0 12 
10 IS 

10 
0 

SlltlNAM8 SPBClBS BOA OOVE SYB HEP BD LVE KT KVC IVE E 
'IERMDlANDSIUP TONClLm WH 0 0 0 0 0 0 0 
TeRMDLAM)SIUP TONDUE WH 0 0 0 0 0 0 0 0 
TPRMDUNDSTOP TON0UBFE.H 0 0 0 0 0 
TPRM DIANDSTOP TONOW WH 0 
TPRM D M D  STOP T O N m  WH 0 0 
TPRM DUND STOP TON(MIWH 0 
TPRMDMDSmP TON(NB W H  0 0 

0 '  9 
12 ' 12 
6 0 
2 0 
0 9 
0 0 

TPRM BLiUm STOP ~ ~~ TONOW W H  0 
TPRMDUNDSKIP TON(NB W H  0 
TPRMDlANrSTOP TONOUBWH 0 0 
TPRM D U N 0  STOP TONOUBWH 0 0 

1.25 114 
0.19 1.15 

SFl?CES ID# UWRmdmIDl (PC OeC BOA OOVB SYB IEP BD LW. KT KVe IW re 
TONOUBWH 50lM 931163.034 8 0 0 0 0 0 0 
TONmlF!WH 50185 93H63-027 6 0 0 0 0 0 0 



Goby Biomarka Sludy. I!cpatic EROD Activity as 

SITE NAME 
SOUrWWEST SLIP 
SOUTHWEST SUP 

SITE NAMB 
WESTBASIN P W  143 
WEST BASIN PIER 143 
WESTBASIN PIW 143 
WEST BASIN PIW 143 
WBT BASIN P W  143 
WEST BASIN PIER 143 
WESTBASIN PIW 143 
WESTBASIN P m  143 
WEST BASIN PIER 143 

SITE NAMB 
CONSOLIDATED SLIP 
CONSOLIDATED SLIP 
CONSOLIDATED SLIP 
CONSOLIDATED SLIP 
CONSOLIDATED SLIP 
CONSOLIDATED SLIP 
CONSOLIDATED SLIP 
CONSOLIDATED SLIP 

SITE NAMB 
LONG BEACH HBR. CH2 

LONG BEACH HBR. CH2 
LONG BEACH 1lBR. CH2 
LONG BEACH HBR. CH2 
LON0 BEACH IlBR.CH2 
LONG BEACH HBR; CH2 

erpesred in pmalhmin-mg. 

SPECIES 

SPECIES 
mC R o m  

TONGUEFISH 

'WtmBCROAKm 

YELLOWPlN GOBY 

YBLLowlIN GOBY 

YELLOWPIN W B Y  

YELLOWFIN GOBY 

YELLOWPlN GOBY 

YBLU)WPIN GOBY 


SPECIES 

mCROAKER 


BW. NSKEBL 

BW. CUSKEBL 

BW. N S K  E L  

BW. N S K  PEL 

BW. N S K  PEL 


YELLOWPIN GOBY 

YEUOWPIN GOBY 


UCD Random ID # 

93H 63 - 062 

93H 63 - 012 


SUM 

AVERAGE 


STD ERROR 


UCD Random ID # 
93H 63 - 043 
93H 63 - 083 
93H 63 - 091 
93H63-118 
93H63 - 053 
93H 63 - 120 
93H 63 - 109 
93H63- 124 
93H63- 117 
93H 63 - 067 

SUM 
AVERAGE . 

SlDERROR 

UCD Randm ID # 

93H 63 - 025 

93H 63 - 098 

93H 63 - I05 

93H 63 - 061 

93H 63 - 056 

93H 63 - 066 

93H 63 - 046 

93H 63 - 074 


SUM 

AVERAGE 

STD ERROR 


SUM 
AVERAGE 
mERROR 

EROD Aaivity 

All Fish 

5213 

31.07 

83.2 

41.6 

10.53 

EROD Activity 

All Fish 


EROD Activity 

All Fish 


0 . 2  

87.39 

3.29 

0.02 

17.97 

29.21 

21.5 

252 


EROD Activity 

AU Pbh 


0 

126.6 

EROD Activity 
Oobics h l y  

52.13 
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Appendix 18a. Goby Biomarkcr Study Gross measuremenu and Indim. 

A B B R E ~ ~ O N S :  
lD0%.# = IdenIiIimion Organism Numbw 
("rod by Calilomia D e m e n t  of Fish and Game) 

G d o m  k = Random ~ i m b e r  
(used by Universily of W o r nia a Davis) 

SL= slandard length (mm) 
BW = body weight (gm) 

# sile Dnrp.# Random # Species 
1 40001 50016 93H63- 30 Ooaker 
2 40001 5.00 I7 93H63- 110 Croakex 
3 40001 50018 93H63- 62 WY 
4 40001 50019 93H63- 119 Coby 
5 4 W 1  5WZO 931163- 12 WY 

Sum 
Avenge 

Standard FImI 

Random # Species 
93H63- 43 cx&m 
93H63- 83 cx&m 
93H63- 91 cx&m' 
93H63- 118 QuaW 
93H63- 53 Qoahr 
93H63- I20 WY 
93H63- 109 Goby
93H63- 124 WY 
93H63- 117 WY 
93H63- 65 Tongmish 
93H63- 67 Tonguefish 
93H63- 60 Tonguefish 
93H63- 22 Tonguefish 
93H63- 94 Tonguefish 
93H63- 2 Tonguefish 

Sum 

Avenge 

Srandard Error 


# Sile ID Orp.# Random # Species 
1 40006 5W08 93H63- 66 MY 
2 40006 sow9 93H63- 46 WY 
3 40006 50010 93H63- 74 Goby 
4 40006 50031 93H63- 15 WY 
5 40006 50032 93H63- 28 cx&m 
6 40006 50033 93H63- 35 aoal;cr 
7 40006 50034 93H63- 93 cx&m 
8 40006 50035 93H63- 58 cx&m 
9 40006 50036 93H63- 51 Croalra 
10 40006 50037 93H63- 99 cx&m 

11 40006 50038 93H63- 17 cx&m 

12 40006 50039 93H63- 111 aoal;cr 

13 40006 5W40 93H63- 127 Qdm 

14 40M)6 50041 93H63- 25 cx&m 

15 40006 50042 93H63- 98 cx&m 

16 40006 50043 93H63- 105 Goby

17 40006 50044 93H63- 61 Gobr 

18 40006 5W45 93H63- 56 WY 


sum 

Avaagc 

Standard Enor 

HSI = hepatosomatic index G m s s  = idenrifiaion of sex via gmsr exam 
HSI = (LW/BW)(100) Him = idenrifiaim of sex viahislopah exan 

GSI = goMdosomaticindu 
GSI = (GW/BW)(I00) U = d o w n  ND = not done 

I = iruerscx 
M = male 

NA =no1applicable 
F = female 

Mila = malc vdh imrmmdam,phic wcr 
SEX 

MI GsI a &ass Hiao 
1.384 1.916 1.767 U F 

0.336 0.324 0.155 
SEX 

SEX 
GSI &ass Hiao 
NA U u 



Appendix 18b. ~ o b yB8omderSrudy. Grosr meznocmmrr acd hdlsa.  

ABBREVIATIONS: 

IDOq.it r ldcnflxcatian %anism N u m k  HSl =hpm-tic hdex Gmss = idenriflcation oCrr v i s p s s  cxun 

(w4 by CaXlomia Depmmml of Fuh and GmO HSl = (LW/BWlW) Hito = idoltilicatiooof wr via hislopatb uun 
R m d w  4 = Rmdw Numbcr GSI =gmadramlus h d u  
(we4 by University of W o m i a  atD.vis) GSl = (GWIBWIW) U ;.unborn ND E not done 

CI = conditim index 1= hmu NA = n M  applisablc 
SL= aundard lmgm (mm) LW = l i va  wight (gm) Cl r (BWrSL"3)(1 WSW) M ~ r n l l c  F= 
DW = body wdghl (gm) GW Egonad weigh1 (gm) hlrh= rnllc wilb immaWaaophic tserua 

SEX 
h d o m  X Spacia HSI GSl C1 Gmu Hista 
93H63- 59 &&a 0.823 0.514 1.844 U F 
931363- 9 w a  1.051 NA 1.597 U Mils 
93863- 75 &&er 1.604 NA 2.122 U F 
93H63- 79 a.3 0.W NA 1.15 U F 
93H63- 31 U - d  1.303 0.068 0.516 U U 
93H63- 70 U.d 2031 0.824 .0.571 U F 
93863- 116 Qlsk-d 1.25 0.1 0.537 U Mih 
93H63- 24 0xk.d 1.861 0.595 0.535 U F 
931163- 42 0,SkL-ssl 1.599 NA 0.474 U 1 
93H63.85 Q0.k- 1.312 NA 1.781 U U 
93H63- 104 &by 3.89 ' 0.47 0.959 U F. 
93H63- 49 &by 1.012 NA 0.949 U U 
93H63- 47 Taxpceh 0.512 NA 0.792 U U 
93H63 20 TCagoc6rb 0.733 NA 0.731 U U 
93H63- 36 Tmgoc6rh NA NA 0.543 U M 

Sum 19.888 2571 16.W1 
A v q e  1.421 0.429 1.067 

smddE"uI 0.222 0.12 0.U 

x site m&g.r h d o m  X Spacia HSI GS1 (3 Gron Him 
1 40013 5 w 1  93H63- 102 &&a 1.268 0.341 2W4 U F 
2 4W13 5M)92 93H63- 48 - 1.78 1.836 2336 M 

SEX 

M 
3 4W13 50093 93H63- 86 m a  2013 0.318 1.979 U F 
4 40013 50094 93H63- 95 &&a 1.4% 0.563 1988 U F 
5 40013 -5 93863- 68 &&a 1.713 0.068 1.979 U M 
6 40013 50096 93863- 69 &&er 1.638 0.309 1.912 U F 
7 40013 50097 93H63- 126 m u  1.932 0.377 1.82 U F 
8 4W13 50098 93ii63- 8 m a  248 0.106 2078 U M 
9 40013 5W99 93H63- 107 Qo* 2325 0.211 2.065 U F 
10 40313 MIW 93863- 81 c m l k a  1.987 0.157 1978 U Mi/& 
11 4W13 50101 93H63- 78 &aka 2076 0.063 2021 U M 
12 40013 MI02 93H63- 97 & B k  1.854 0.385 2104 U F 
13 4W13 50103 93H63- 18 Qo* 2108 0.15 2017 U F 
14 4W13 50104 93H63- 101 &&a 1.298 0.284 1.89 U F 
15 40013 50105 93H63- 121 Qolra 1.472 0.094 1.916 U I 

Sum 27.44 5.262 30.087 
A- 1.829 0.351 2006 

SunddEnor 0.092 0.112 0.03 
SEX 

x Site m h g . X  Random U spcia HSI GSI a omn mro 
1 4W15 MI36 93H63- 64 &by 1.552 NA 1.133 U U 
2 WIS w i n  93H63- 7.3 &by 2509 0.382 1.201 M F 
3 40015 50138 93H63- 108 Ooby 4.027 0.395 1.249 M F 
4 40015 50139 93R63- 80 &by 2587 6.179 1.151 M F 
5 40015 50140 93H63- 3 e b y  2453 NA 1.145 U M 
6 40015 50141 93H63.26 Goby 2751 0.281 1.119 U F 
7 4W15 50142 93H63- 44 &by 1.314 0.554 0.993 M? F 
8 40015 50143 93H63. 88 &by 0.988 0.41 1.131 U F 
9 40315 50144 93863.29 &by 2.5 0.472 1.158 U F 
10 40015 50145 93H63 6 &by 1.581 0.5 1.18 U F 
11 40015 50146 93H63.76 &by 1.938 0.113 1.09 U M 
12 40015 50147 93H63- 89 &by 2216 0.333 1 . m  u F 
13 40015 50148 93H63- 125 cb&a 1.451 0.25 1.923 U F 

93H63 % &&u 1.062 0.457 2065 U F 
93H63. 7 Ooaker 0.685 NA 1.6% U Mil8 

Sum 29.614 10.326 19.505 
A v q e  1.974 0.861 1.3 

smdvd  Enor 0.224 0.485 0.083 



Appendix 18c. Goby Biomarkcr Smdy. Gross mcarUrrmenU and Indices. 

ABBREmTIONs: 
ID%.# = ldentificadon Organism Number HSI = hepaasomadc indcx Gmrs = idcndficaian or sex vrs pass cwm 

(used by California Depwment of Fish and Game) HSI = (LW/BW)(lW) Hiao = idm&dm 01 sex via h inop~h  cxan 
Random # = Random Number GSI =gmadosomatlc indcx 

(used by University of W o m i a  at Davis) GSI = (GW/BW)(100) U = mimourn ND = not done 
CI=Mditionindcx- ' I = intenex NA =not applicable 

= slandard length (mm) =tiveiweighl (gm) CI= 00.000) male fcmaleSL LW (BW/SL"~)(~ M = F = 
BW = body weight (gm) GW =gonad weight (gm) Mila = male wirh immmre/mphic leacs 

SEX 
# Site ID ore.# Random # Soedes SL BW LW GW HSI GSI h s s  Hiao 

93H63- 11 Goby 
93H63- 50 Tonguefish 
93H63- 38 ~on&cfish 
93H63. 39 Tonguefsh 
93H63- 32 Tonguefish 
93H63- 122 Tonguefish 
93H63- 19 Tonguefish 
93H63- 90 Tonsmish' 
93H63. 55 Tonmefish 

40016 onb be fish 0.732 0.126 
40016 Tonguefish 0.481 0.942 ' 

40016 Tonguefish 0.497 0.114 
40016 Tonguefish 0.742 0.112 
40016 Tonsrefish 0.1 NA 
40016 Tonguefish 0.637 1.001 
40016 Tonguefish 0.477 0.677 

Sum 20.522 8.936 
Average 0.933 0.496 

Standard Error 0.176 0.128 
SEX 

Site Random # sped= HSI GSI 
40032 93H63- 21 Qaahrr 1.065 0.427 
40032 93H63- 123 cK&er 0.83 0.555 
40032 93H63- 114 Cuskcel 2.305 NA 
40032 93H63- 34 Tonguefish 0.452 NA 
40032 Tonguefish 0.956 NA 
40032 Tonguefish 0.617 NA 
40032 Tongucfish 1 .M 1.238 
40032 Croaher 1.503 0.495 
40032 Cmalrer 1.136 NA 
40032 Cmalrer 1.349 0.571 

Sum 1238 258.96 3.209 0.835 11.233 3.286 13.981 
A v w e  173.8 25.896 0.321 0.167 1.123 0.657 1.398 

Standard&a 6.846 4.114 0.082 0.032 0.164 0.147 0.191 
SEX 

# Site Random # Spriss SL BW LW GW HSI GSI Q Gross Hiao 
1 80027 93H63- 33 s-Y 320 ND, 26.107 ND NA NA NA M F 
2 80027 93H63- 82 m y 255 ND 10.606 1.851 NA NA NA M F 
3 8 W  93H63-112 S h p y  300 ND 35.472 19.412 NA NA NA M M' 

4 80027 93H63- 14 .9intmv 370 ND 54.428 32.363 NA NA NA M M 
5 80027 375 ND 33.222 25545 NA NA NA M M 
6 80027 I18 20.554 0.584 ND 2.841 NA 1.251 U M 
7 80027 93H63- 5 sri.p;., 138 41.237 1.844 0.219 4.472 0.531 1.569 M U 
8 80027 93H63- 72 stingray 304 ND 40.575 21.088 NA NA NA M M 
9 80027 93H63- 115 Stingray 285 ND 20.114 9.539 NA NA NA M M 
10 80027 93H63- 40 stingray 324 ND 26.623 23.945 NA NA NA M M 
11 80027 93H63- 117 Stingray 310 ND . 21.94 4.252 NA NA NA U M 
12 80027 93H63- 71 -Y 100 10.756 0.168 0.054 1.562 0.502 1.076 U F 

Sum 3199 72.547 271.68 138.27 . 8.875 1.033 3.896 
- - - - - . .-- - " 7 ".,<a r,<',h< 1.299 



Appendix 18d. Goby B~ornarkcrSLudy. menu and Indices for Yell( 
SEX 

s sltC m org.* Random # Species SL HSI Gmss HLSIO 
1 40001 50018 93H63- 62 Goby' 108 
2 4 W I  50019 93H63- 119 MY 90 
3 40001 5OOZO 93H63- 12 MY 75 

Avmage 91 
Standard Errm 9.539 

# 
1 

Sile 
40002 

ID Org.# 
50081 

Random # 
93H63- 120 

Spedu SL 
my , 81 

GSI 
0.505 

Gmrs Hino 
U F 

Goby 85 ti M 
MY 99 
Gcby 79 

Avcrage 86 
standard Frror 4.509 

# Site ID Org.# Random # GSI Gross Hino 
1 40006 50008 93H63- 66 ti ti 
2 4W06 50009 U M 
3 40006 50010 
4 40006 50031 
5 40006 50043 
6 40006 50044 
7 4W06 50045 

Average . 81 
Standard Enin 7.033 

# 
1 
2 

Site 
40007 
40007 

ID%.# 
50071 
50072 

Random # 
93H63- 104 
95H63- 49 

spies SL 
Coby 120 
Goby 85 

Average 102.5 

HSI 
3.89 
1.012 
2.451 

GSI 
0.47 . 

Gross Histo 
U F 

Standardhror I75 1.439 

# site ID Or&# Random # Spedu SL GSI G m s s  Hiao 
1 40015 50136 93H63- 64 M Y  89 ti' U 
2 
3 
4 

40015 
40015 
40015 

50137 
50138 
50139 

93H63- 23 
93H63- 108 

Goby 137 
Goby 115 
M Y 104 

5 40015 50140 W Y  lo7 
6 40015 MI41 M Y  95. 
7 
8 

40015 
40015 

50142 
50143 

Goby 86 
MY 78 

9 
10 

40015 
40015 

50144 
501 45 

Goby 99 
Goby 90 

11 40015 50146 M Y  90 
12 40015 50147 MY 85 

Average 97.917 
Sumdard Enor 4.654 

# 
1 

Site 
40016 

ID Org.# 
50007 

Random (f 
93H63- 11 

G m s s  Hislo 
U F 

# Sire DlOr&# Random # spedes SL HSI GSI Gross Hislo 
1 80027 50051 93H63- 57 oobr 118 2.841 
2 80027 50057 W Y  100 1.562 

Average 109 2.202 
SlandaTdError 9 0.64 





Appendix 181. Goby BiomarbSNdy. Gross measuremenu and Indices for Tongue fish. 
SEX 

U Siie IDOrg.# Random # Speoes SL BW HSI GSI C1 G m s s  t h o  
1 40002 50085 931163- 65 Tonguefuh 75 0.927 0.869 U C 
2 40002 50086 93H63- 67 Tonguefish 86 0.866 0.981 U C 
3 4OW2 50087 93H63- 60 Tonguefish 70 1.053 
4 40002 50088 Tonguefish 69 
5 40002 50089 Tonguefish 64 
6 40002 50090 Tonguefish 54 

Avaage 69.667 
SmdKd Fnm 4.372 

# Site ID Or&# Random # species SL HSI GSI' C1 Grass Hino 
1 40007 50073 93H63- 47 Tonguuish 102 0.512 0.792 U U 
2 40007 50074 93H63- 20 Tanguefish 72 
3 4 m 7  50075 93H63- 36 Tonguefish 59 

A v q e  77.667 
Standard E m  12.732 

# Site ID Or&# Random # species SL HSI GSI Q Gross Hina 
1 40016 50001 93H63- 16 Tonguefish 103 0.585 0.783 M? F 
2 40016 5MXn 931163- 77 Tonguefish 95 0.587 
3 40016 50121 Tonguexish 133 
4 40016 50122 Tonguefish 129 

Tongucfirh 125 
Tonguefu;hC 96 
Tonguexish 90 
Tonguetish 137 
Tonguefish 112 
Tonguefish 103 
Tonguefish 135 
Tonguefish 119 
Tonguefish 99 
Tonguefish 96 
Tonguefuh 125 
Tonguefish 113 
Tonguefish 104 

Average 112.59 
Standard Error 3.809 

# Site ID Org.# Random # Species SL HSI GSI CI Grass Histo 
1 40032 50184 93H63- 34 Tonguefish 140 0.452 0:871 U M 
2 40032 50185 93HO- 27 Tonguaish 121 0.956 0.874 U F 
3 40032 50186 93Hti3- 84 Tonguefish 109 0.617 
4 40032 50187 93Hd3- 106 Tonguefish 105 1.02 

A v q e  118.75 
SIandard Enor 7.857 



Appendix 18g. Goby Biomarker Smdy. Gross rncanucmcns and Indicts lor Barkweave Cusk-eelr. 
SEX 

U Site ID 0rg.U Random # Species SL BW LW HSI GSI Gmss Hiao 
1 40007 50065 93H63- 31 Curkcel 137 13.28 0.173 1.303 0.068 U c 
2 40007 50066 93H63- 70 Cuskcel 129 12.262' 0.249 2.03 1 0.824 u F 
3 40007 50067 93H63- 116 Cuskael 123 10 0.125 1.25 
4 40007 50068 93H63- 24 Cusk-eel 107 6.555 . 0,122 1.861 
5 40W7 50069 93H63- 42 Cusk-eel 95 4.065 0.065 1599 

Average 118.2 9.232 0.147 1.m 
Standard Err01 7.605 1.732 0.031 0.152 

1 40016 5MM6 93H63- 13 Cusk-eel 212 57.584 2.449 

Appendix 18h. Goby BiomarlmS ~ d y .Gmss meanuEmentsand Indices lor Round Stingrays. 
SEX 

# 
1 
2 
3 
4 
5 

SiIe 
80027 
80027 
80027 
80027 
80027 

DOr&# 
50046 
50047 
50048 
50049 
5W50 

Random # 
93H63- 33 
93H63- 82 
93H63- 112 
93H63- 14 
93H63- 41 

Spcies 
S-y 
Sringray 
m y 
Singmy 
Sinenv 

SL 
320 
255 
300 
370 
375 

BW GSI Gmu 
M 
M 
M 
M 
M 

Hiao 
F 
F 
M 
M 
M 

M U 
M M 
M M 

9 80027 50055 93H63- 40 324 M M 
10 80027 50056 93H63-117 S-y 310 U M 

Average 298.1 41.237 
SLyldardkor 21.102 








