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Gonadal lesions of female sea urchin (Psammechinus miliaris) after 1 exposure to the polycyclic aromatic hydrocarbon phenanthrene 2 3

Keywords: histopathology, gonad, sea urchin, oocyte atresia, phenanthrene, Psammechinus miliaris, 36 lipofuscin 37 38

Histopathological alterations in the reproductive tissue of the female sea urchin 22 Psammechinus miliaris after exposure to the polycyclic aromatic hydrocarbon (PAH) 23 phenanthrene were investigated using light microscopy. Sexually mature sea urchins were 24 exposed to 500 µg L -1 phenanthrene for 20 days. A severe disorganisation of the acinal 25 structure of the gonads was observed in phenanthrene-treated animals, mainly as a result of oocytes were inhibited, whereas there were no obvious effects on vitellogenic oocytes and 28 mature ova. The acinal wall showed signs of fibrosis as well as dilation of the two epithelial 29 layers. Phenanthrene severely affected the reproductive function of the sea urchins since a 30 proper oogenesis of the ovarian tissue is very unlikely. Generally, the observed alterations 31 are similar to histopathological changes in reproductive tissue in other invertebrates after 32 exposure to PAHs and oil.

after experimental exposure to phenol and cadmium were investigated by electron 83 microscopy [START_REF] Au | Reproductive impairment of sea urchin upon 487 chronic exposure to cadmium. Part II: Effects on sperm development[END_REF][START_REF] Au | Sublethal effects of phenol on 495 spermatogenesis in sea urchins (Anthocidaris crassispina)[END_REF]. [START_REF] Aarab | Biochemical and histological responses in mussel (Mytilus edulis) 476 exposed to North Sea oil and to a mixture of North Sea oil and alkylphenols[END_REF]Littorina littorea -Cajaraville et al., 1990;mammals -Sakamaki, 92 2003). Degeneration and absorption of oocytes, so called oocyte atresia, is a normal 93 physiologic event which may become pathologic after chemical exposure [START_REF] Blazer | Histopathological assessment of gonadal tissue in wild fishes[END_REF] 94 Dietrich et al., in press). Furthermore, contamination with PAHs has been shown to be 95 associated with an increased accumulation of lipofuscin in marine organisms (Krishnakumar et al., 1994;Krishnakumar et al., 1997;[START_REF] Au | Relationship between ultrastructural 491 changes and EROD activities in liver of fish exposed to Benzo[a]pyrene[END_REF][START_REF] Au | The application of histo-cytopathological biomarkers in marine pollution 480 monitoring: a review[END_REF]. Lipofuscin, also known as 97 age pigment, is widely regarded as end product of protein and lipid peroxidation due to 98 oxidative stress [START_REF] Au | Relationship between ultrastructural 491 changes and EROD activities in liver of fish exposed to Benzo[a]pyrene[END_REF][START_REF] Au | The application of histo-cytopathological biomarkers in marine pollution 480 monitoring: a review[END_REF]Terman and Brunk, 2004). In the sea urchin 99

96
Lythechinus variegatus phenanthrene significantly retarded embryo development at 100 environmentally relevant concentrations (Steevens et al., 1999). In Lythechinus anemensis 

205

Further quantifications were performed on sections stained with Alcian Blue/PAS method.

206

Aggregates of degenerating oocytes were quantified by applying an eyepiece graticule with a according to the classification of the reproductive stages by [START_REF] Byrne | Annual reproductive cycles of the commercial sea urchin Paracentrotus 513 lividus from an exposed intertidal and a sheltered subtidal habitat on the west coast of 514 Ireland[END_REF] and Kelly (2000).
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The animals were partly spawned which was observed by empty spaces which had been
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occupied by oocytes before. At the end of the experiment (day 20) the sea urchins in the 
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We could not detect pathological changes of mature ova and vitellogenic oocytes while 293 previtellogenic oocytes were often degenerating after maternal exposure to phenanthrene.
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Degenerating oocytes were characterized by fading and vacuolisation of the cytoplasm as

295

well as cell lysis. Further, infoldings of the nuclear membrane of the GV occurred which was 296 followed by disruption of the nuclear membrane (Figure 2 c). The nucleolus appeared to be 
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Degenerating previtellogenic oocytes identified by fading and vacuolisation of the cytoplasm,
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cell lysis and / or infoldings and disruption of the nuclear membrane were quantified in the oocytes were classified as degenerating based on the above mentioned criteria, whereas in 306 controls 24 % degenerating previtellogenic oocytes were found. In the solvent control group 307 the frequency of degenerating oocytes was quite variable with a few animals exhibiting high 308 amounts of degenerating oocytes. However, differences were only significant between the 309 control group and phenanthrene-treated animals (one-way ANOVA, p = 0.01, Holm-Sidak).
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As mentioned above, the meshwork of NPs was disrupted after exposure to phenanthrene.

312

Moreover, in phenanthrene-exposed animals the NPs appeared to be more detached from 326

Histological scoring shows that phenanthrene exposure resulted in a significantly increased 327 dilation of the acinal wall (one-way ANOVA, p < 0.001, Holm-Sidak, Figure 3 

365

In the Baltic clam (Macoma balthica) necrosis of primary and secondary oocytes as well as 366 ripe ova was reported after 28 days exposure to sediments highly contaminated with PAHs, 367 polychlorinated biphenyls (PCBs), and heavy metals (Tay et al., 2003). Astonishingly, in 368 clams exposed to sediment with a very high concentration of PAHs no ovarian lesions were 369 detected (Tay et al., 2003).
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In the present study, previtellogenic oocytes showed a reduction in size and vitellogenic
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oocytes showed a reduction in numbers in P. miliaris after maternal exposure to 373 phenanthrene. It is unclear whether inhibition of oocyte growth and maturation by 374 phenanthrene exposure is the underlying mechanism of these findings. The low number of 375 vitellogenic oocytes may also be a result of spawning induced by exposure to phenanthrene 376 since spawning is known to be accelerated in mussels (Mytilus galloprovincialis) exposed to 377 high doses of oil [START_REF] Cajaraville | Comparative effects of the water 521 accommodated fraction of three oils on mussels -1. Survival, growth and gonad Walker[END_REF]. However, no increased spawning events in the 378 phenanthrene-treated group were observed during the experiment in comparison to controls.

379

Regarding the previtellogenic oocytes, it could be speculated that their small size may, next 
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(2001) also found lipofuscin deposition in NPs and in the hemal sinuses of the acinal walls.

402

However, in contrast to our findings, the authors further identified lipofuscin accumulation in 403 germ cells of S. intermedius (Vaschenko et al., 2001;Vashchenko et al., 2001). Indeed,
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preliminary studies with a wild population of P. miliaris indicate that lipofuscin accumulation in

405

the reproductive tissue is dependent on the reproductive stage and the sex of the organism

406

(Schäfer & Köhler, unpublished). It has to be further investigated whether lipopigment 407 deposition in reproductive tissue of sea urchins is a useful biomarker for pollutant stress.

409

The NPs showed increased phagocytic activity in the phenanthrene-treated animals. This 
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echinoderms that occurs in both sexes at the end of the spawning season (Kalachev and gamete resorption in the gonads is also reported in the prosobranch Littorina littorea after 416 short-term exposure to high concentrations of the PAH 1-napthol [START_REF] Cajaraville | Short-term toxic effects of 1-naphthol 517 on the digestive gland-gonad complex of the marine prosobranch Littorina littorea (L): A light 518 microscopic study[END_REF].

418

The acinal wall of Psammechinus miliaris was severely affected by phenanthrene exposure

419

showing dilation of the epithelial layers and increased formation of collagen. Further, 420 augmentation of basophilic structures occurred which can not be identified so far. The 421 thickness of the gonadal wall of the sea urchin Arbacia punctulata is reported to change 422 during the year (Palmer Wilson, 1940). Increased deposition of collagen in conjunction with a 423 thickened appearance of connective tissue, however, is generally known as fibrosis (Dietrich et al., in press). In reproductive tissue of invertebrates fibrosis is described from gonadal 425 neoplasms in mussels (Peters et al., 1994). And in the prosobranch Littorina littorea fibrosis 426 was shown after short-term exposure to high concentrations of the PAH 1-napthol 427 [START_REF] Cajaraville | Short-term toxic effects of 1-naphthol 517 on the digestive gland-gonad complex of the marine prosobranch Littorina littorea (L): A light 518 microscopic study[END_REF]. When immune cells are present simultaneously fibrosis is assumed 428 to be a scarring process. In a few studies infiltration with immune cells have been described

424
429 in invertebrates after exposure to oil and PAHs [START_REF] Berthou | The occurrence of 499 hydrocarbons and histopathological abnormalities in oysters for 7 Years Following the Wreck 500 of the Amoco-Cadiz in Brittany (France)[END_REF][START_REF] Cajaraville | Short-term toxic effects of 1-naphthol 517 on the digestive gland-gonad complex of the marine prosobranch Littorina littorea (L): A light 518 microscopic study[END_REF] 430 [START_REF] Cajaraville | Comparative effects of the water 521 accommodated fraction of three oils on mussels -1. Survival, growth and gonad Walker[END_REF] 

  (PAH) are lipophilic organic compounds which are 86 ubiquitously found in the marine environment. Phenanthrene is a low molecular weight, 3-87 ring PAH and is classified as a priority pollutant by the United States Environmental 88 Protection Agency (US EPA). It is an important petroleum-source PAH and a major 89 component of the total content of PAH compounds in the marine environment. PAHs are 90 known to induce degeneration of oocytes and ovarian lesions in several species (Mytilus 91 edulis -
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  phenanthrene disrupted axial development in embryos in a dose-dependent fashion which 102 could be linked to nuclear accumulation of the protein -catenin(Pillai et al., 2003). Pillai et 103 al. (2003) have shown that among five investigated PAHs phenanthrene was most potent in 104 causing exogastrulation in sea urchin embryos. 105 106 The aim of the present study was to give a detailed description of the histopathological 107 alterations of the reproductive tissue of the female sea urchin Psammechinus miliaris after 108 exposure to phenanthrene. The findings are compared with effects of hydrocarbons on the 109 reproductive tissue of other aquatic invertebrates. Changes of the general acinal structure, effects on the different developmental stages of oocytes and the nutritive phagocytes, as well 111 as alterations of the acinal wall are described. Lipofuscin is identified and quantified in the 112 tissue and its usefulness as biomarker of pollutant exposure in the gonads of sea urchins is 113 discussed. Histopathological alterations of the gonads such as aggregates of degenerating 114 oocytes, the percentage of degenerating oocytes, lipofuscin accumulation and dilation of the 115 acinal wall are quantitatively or semi quantitatively assessed. Furthermore, the gonad weight 116 and the gonadosomatic index in the different treatments are compared. collection and experimental set up 120 Adult Psammechinus miliaris were collected with a beam trawl close to the Island of Sylt 121 (Germany) at 55° 02, 40 N and 08° 27, 25 E in May 2006. They were separated by sex and 122 transported to the laboratory in Bremerhaven. In a range finding experiment, sea urchins 123 were exposed to set concentrations of 1, 3, 12, 42, 145 and 500 µg L -1 phenanthrene, to 124 0.01% acetone, as the solvent control, and to sea water only for 10 days. Each treatment 125 consisted of two replicate tanks (glass vessels with a volume of 1.5 L) with 4 sea urchins 126 each. Since no mortality occurred in this preliminary experiment 500 µg L -1 phenanthrene 127 was chosen as sublethal test concentration for the subsequent experiment. Female sea 128 urchins of a minimum size of 20 mm horizontal test diameter were selected and acclimatized 129 to experimental conditions for 4 weeks. Sea urchins were exposed to 500 µg L -1 3.2 Sampling 139 For comparison of growth parameters, 24 samples were taken at the beginning (day 0) and 140 30 replicate samples per treatment were taken at the end of the exposure period (day 20). 141 Animals were weighed and horizontal and vertical test diameters were measured with a 142 calliper. The animals were dissected and the gonads were removed and weighed. The gonad 143 index (GI) was calculated as the wet weight of the gonad divided by the total somatic wet 144 weight of the sea urchin expressed as a percentage.

  ZEISS). Image intensity was measured using grey values from 1 (clear, white) to 255 198 (dark, black). Three black and white images were randomly taken from each duplicate 199 section of gonadal tissue (6 measurements per individual) with a 10x objective. In a special 200 macro individual ovarian acini were marked as 'region of interest'. Lipofuscin granules within 201 the defined acini were identified with the aid of a threshold function which discriminates the 202 darker stained lipofuscin granules from the background. The software computed the areal 203 density of lipofuscin [%] within the marked acinus ('region of interest') and mean values for 204 each individual were calculated.

207220

  100 squares grid (10 x 10) as an overlay. The number of squares lying on the acinus and the 208 number of squares lying on aggregates of degenerating oocytes were counted at 400x 209 magnification. In each duplicate section five areas were randomly chosen (10 measurements 210 per animal). The areal density of oocyte aggregates [%] within the acini was calculated. 211 Dilation of the acinal wall was semi quantitatively assessed. For this purpose, in each sample 212 5 randomly chosen areas were graded according to a scaling scheme from 0 (no change) to 213 2 (severe alteration) at 100 x magnification. Degenerating previtellogenic oocytes identified 214 by fading and vacuolisation of the cytoplasm, cell lysis and disruption of the membrane of the 215 germinal vesicle at 600 x magnification were counted. Oogonia were not considered due to 216 their small size and the resultant difficulty in diagnosis. 100 randomly selected previtellogenic 217 oocytes were counted per sample and the data are presented as a percentage. Residuals were tested for normality and variance homogeneity (Levene's test). Data on 221 gonad weight and gonad index were box cox-transformed and a one-way ANOVA with Tukey At the beginning of the experiment (day 0) test animals (n=10) were in the premature stage 251

  254 three treatments were still, except of one control animal, in the premature stage and partially 255 spawned (Figure 1 a). The one control animal was in the recovery period. 256 257 In phenanthrene-exposed animals, the acinal structure was severely affected: Early 258 developmental stages of oocytes were no longer found close to the acinal wall but spread in 259 the acinal lumen, the meshwork of NPs appeared disrupted and aggregates of degenerating 260 previtellogenic oocytes were found in the acini (Figure 2 a, b). Control animals hardly showed 261 any aggregates of degenerating oocytes while in phenanthrene-exposed animals these 262 aggregates filled large areas of most of the acini. The areal density of these aggregates was 263 significantly increased in phenanthrene-treated animals in comparison to the control and the 264 solvent control groups (one-way ANOVA, p = 0.006, Figure 3 a). Remarkably, less 265 vitellogenic oocytes were found in the gonads of animals exposed to phenanthrene in 266 comparison to controls. 267 268 Lipofuscin identified as irregularly shaped and heterogeneously textured blue granules in 269 sections stained with the Schmorl's technique was found in the acini (Figure 4 a, b). High 270 amounts of lipofuscin were localized in extracellular spaces in the acini and inside of NPs 271 (Figure 4 a, b). In addition, lipofuscin was found in epithelial cells of the acinal wall and in 272 conjunction with immune cells, the so called coelomocytes, outside of the acini (Figure 4 a).273No lipofuscin was observed in oocytes. Indeed, early developmental stages of oocytes can 274 hardly be identified in sections stained with the Schmorl's technique due to their small size 275 and the lack of a counterstain. Lipofuscin deposition in oogonia and previtellogenic oocytes 276 can, therefore, not be excluded. Overall, lipofuscin content was increased but not significantly different in phenanthrene-treated animals (one-way ANOVA, p = 0.068, Figure3on germ and somatic cells 281 In all treatments, oogonia, previtellogenic and vitellogenic oocytes as well as mature ova 282 were found in the gonads. Previtellogenic oocytes are usually localized close to the acinal 283 wall. Morphologically, they are characterized by a large germinal vesicle, a high nucleus to 284 cytoplasmic ratio and their small size in comparison to later developmental stages. Their 285 cytoplasm is stained blue in H&E and Alcian Blue/PAS (Figure 1 b). Vitellogenic oocytes, on 286 the other hand, accumulate PAS+ material in the cytoplasm with ongoing maturation visible 287 as pink granules in the Alcian Blue/PAS stained sections. Vitellogenic oocytes are larger and 288 their nucleus to cytoplasmic ratio is reduced in comparison to previtellogenic oocytes (Figure 289 1 c). They also possess a large germinal vesicle which breaks down to form ripe ova (Figure 290 1 d) accumulating in the acinal lumen of mature animals.

297normal.

  No pyknosis or karyomegaly of the GV was identified. In comparison to control 298 samples, cell size of previtellogenic oocytes seemed to be reduced. Oogonia were not 299 studied in detail due to their small size and the resultant difficulty in diagnosis of cellular 300 alterations.
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  each other and engaged in phagocytotic activity. No karyomegaly, nuclear polymorphism, or 314 nuclear inclusions were observed in NPs. Yolk was identified as globules of various shades 315 of pink and blue in nutritive phagocytes in the Alcian Blue/PAS stain. is usually composed of an inner and an outer layer of epithelial cells which 319 are characterized by their basophilic nuclei. Depending on the plane of the tissue section at 320 least one additional layer is visible being stained pink with H&E as well as with the Picrosirius 321 method indicating the presence of collagen fibres (Figure 4 c).322 323In phenanthrene-exposed animals the two epithelial layers were often separate from each 324 other (Figure4 d, e). Often this dilation was concomitant with an increased formation of 325 collagen between the epithelial layers and augmentation of basophilic material (Figure4 d).
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  was mainly due to aggregates of degenerating oocytes. This disorganisation makes a proper 347 oogenesis unlikely since the migration of maturing oocytes towards the acinal lumen is 348 hampered. Generally, degeneration of ovarian follicles is described as follicular atresia and 349 stress such as exposure to xenobiotics appears to increase the incidence of atretic follicles 350(Dietrich et al., in press). Degenerating follicles were also observed in Mytilus edulis exposed 351 to a mixture of North Sea oil, alkylphenols and PAHs. Exposure to 0.5 ppm North Sea oil 352 alone, however, increased the size and number of ovarian follicles in the mussels(Aarab et 353 al., 2004). In the present study, a few degenerating acini were also found in control animals 354 which may resorb malfunctional oocytes to preserve normal gonadal function as known from 355 atretic follicles in female fish(Dietrich et al., in press).356 357Furthermore, phenanthrene exposure significantly increased degeneration of previtellogenic found a higher volume density of atretic oocytes in mussels (Mytilus edulis) exposed to 0.5 361 ppm North Sea oil and to a mixture of North Sea oil (0.5 ppm), alkylphenols (0.1 ppm) and 362 extra polycyclic aromatic hydrocarbons (0.1 ppm) for three weeks. In M. edulis 363 experimentally exposed to low (28 ppb) and high (128 ppb) doses of diesel oil for three 364 months the volume of atretic oocytes was also significantly increased(Lowe and Pipe, 1986).
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  may indicate early phagocytosis and resorption of gonadal and oocyte material as a result of 411 improper ovarian and gamete development. Gamete resorption is a natural phenomenon in

  Further, it has to be considered that release of affected gametes may result in 391 underestimating the adverse effects of phenanthrene on oocytes and eggs in P. miliaris.

	392	
	393	
	394	After exposure to phenanthrene we observed elevated but not statistically significant
	395	increased deposition of lipofuscin in the ovaries of P. miliaris. In several studies, lipofuscin
	396	accumulation in fish liver and mussel digestive gland is associated with oxidative stress
		caused by pollution with oil and PAHs (Krishnakumar et al., 1994, 1997; Au et al. 1999; Au,
	380	
	381	to an inhibition of growth, result from degeneration and their resorption by NPs. Studying the
	382	effects of phenanthrene exposure at different times during oogenesis may clarify whether
	383	phenanthrene exposure inhibits growth and maturation of oocytes. Interestingly, in contrast
	384	to the severe alterations of previtellogenic oocytes, we found no adverse effects of
	385	phenanthrene on vitellogenic oocytes and mature eggs. It has to be considered that later

developmental stages of oocytes may be better protected against pollutant stress: Eggs of 386 sea urchins and sea stars are known to express low levels of efflux transporter genes 397 2004). In the reproductive tissue of the sea urchin Strongylocentrotus intermedius inhabiting 398 polluted areas in the Sea of Japan, lipofuscin accumulation was related to contamination with 399 heavy metals

(Vashchenko and Zhadan, 1993; Vaschchenko et al., 2001; Vashchenko et al., 400 2001)

. As demonstrated in the present study,

Vaschenko et al. (2001) 

and Vashchenko et al.

  . Indeed, a clear diagnosis of immune reactions in the present study Prince William Sound in the Northern Gulf of Alaska in 1989 where around 37 000 metric 441 tons of crude oil were released an average of 0.4 µg L -1 total petroleum hydrocarbon were the West coast of Korea in July 2007 up to 17 mg L -1 and an average of 626 µg L -1 total 444 petroleum hydrocarbons were measured (Shim, 2008). However, direct comparison of 445 concentrations used in the present study and levels of PAHs or phenanthrene found in the This study was financed by the Alfred Wegener Institute for Polar and Marine Research 468 within the Helmholtz Association. It is part of a PhD study conducted at the Jacobs University 603 hydrocarbons (PAH) in seawater around England and Wales. Marine Pollution Bulletin 34(5), Lendrum, A.C., Slidders, W., Fraser, D.S., 1972. Renal hyalin -Study of amyloidosis and 607 diabetic fibrinous vasculosis with new staining methods. Journal of Clinical Pathology 25, Lowe, D.M., Pipe, R.K., 1986. Hydrocarbon exposure in mussels -a quantitative study of the 611 responses in the reproductive and nutrient storage cell systems. Aquatic Toxicology 8, 265-Ortiz-Zarragoitia, M., Cajaraville, M., 2006. Biomarkers of exposure and reproduction-related 615 effects in mussels exposed to endocrine disruptors. Archives of Environmental Palmer Wilson, L., 1940. Histology of the gonad wall of Arbacia punctulata. Journal of Pearse, A.G.E. 1985. Histochemistry: Theoretical and Applied, Vol. 2, Analytical Technology, 622 4th edition, Churchill Livingstone, Edinburgh, London, Melbourne and New York, p. 748. Growth parameters of Psammechinus miliaris in the different treatments. Standard deviations 701 are in parentheses. Different letters in the same row indicate statistical significant differences

	446 695 696 697 699 698	8. Tables & Figures 8.1 Table Table 1 parameter / treatment	0 control	control	days control solvent	20	phenanthrene
	700	mean vertical test	17.5 a (1.7)	17.4 a (1.9)	17.6 a (2.5)	17.4 a (2.8)
	447	marine environment in general or at point sources are difficult since combinations of PAHs diameter [mm]
	448 702	may have different effects than single chemicals (Hylland, 2006). Contamination of sea diameter [mm] between the treatments (control at day 0: n = 24, all other treatments: n = 30, one-way mean horizontal test 30.9 a (3.2) 30.4 a (3.3) 30.6 a (3.9) 31.8 a (3.5)
	449	urchin habitats with PAHs e.g. by oil spills or release of oil from oil platforms may have [g] mean somatic weight 13.0 a (3.6) 12.4 a (2.9) 12.7 a (3.9) 13.5 a (3.8)
	450	severe impacts on sea urchin populations. Daan & Mulder (1996), for example, have shown [mg] mean gonad weight 723 a (445) 712 a (384) 582 a (493) 390 b (257)
	451	that the abundance of the echinoidea Echinocardium cordatum was reduced close to a gonad index [%] 5.4 a (2.2) 5.8 a (2.2) 4.5 a (2.2) 2.9 b (1.9)
	452	drilling station in the North Sea where oil-based drilling muds had been used. Following the
	453	Torrey Canyon oil spill in 1967 large numbers of dead Psammechinus miliaris where found in
	454	the vincinity which may be attributed to the hydrocarbon exposure and the heavy spraying of
	455	hydrocarbon based dispersants in that area (Smith, 1968).		
	456						
	604						
	457 605	In summary, 20 days exposure towards sublethal concentrations of phenanthrene resulted in 306-322.
	606						
	458	severe ovarian lesions of Psammechinus miliaris which make a proper oogenesis unlikely.
	608						
	431 459 609	Strikingly, the acinal structure was disorganized which may be analogous to follicular atresia 373.
	610						
	432 460	was difficult since, to our knowledge, there is no detailed histological description of immune in other invertebrates and fish. Previtellogenic oocytes were severely affected while there
	612						
	433 461 613	cells of sea urchins, the coelomocytes, in situ. Furthermore, coelomocytes had a similar were no obvious effects on vitellogenic oocytes and mature ova. For future studies, the 272.
	614						
	434 462	appearance as epithelial cells of the acinal wall in Psammechinus miliaris. usefulness of lipofuscin accumulation in gonads of sea urchins as a biomarker needs to be
	616						
	435 463 617	further investigated. Moreover, a detailed description of coelomocytes in situ is necessary to Contamination and Toxicology 50, 361-369.
	618						
	436 464 619	The concentration of phenanthrene used in the present study is, in general, higher than clearly identify immune reactions in sea urchin tissues and to compare histopathological
	620	Morphology 66, 463-479.					
	437 465 621	levels of PAHs found in the marine environment: In seawater around England and Wales effects of pollutants with studies on other invertebrate species.
	438 466 623	background concentrations of PAHs range from none detected to 10.7 µg L -1 total PAHs
	624						
	439 467 625	(Law et al., 1997). 'Safe' levels of phenanthrene for aquatic organisms set by several 6. Acknowledgements Peters, E.C., Yevich, P.P., Harshbarger, J.C., Zaroogian, G.E., 1994. Comparative
	626 440 627	histopathology of gonadal neoplasms in marine bivalve mollusks. Diseases of Aquatic countries are equal or below 4.6 µg L -1 (Law et al., 1997). After the Exxon Valdez oil spill in Organisms 20, 59-76.
	628						
	631						
	632						

Pillai, M.C., Vines, C.A., Wikramanayake, A.H., Cherr, G.N., 2003. Polycyclic aromatic 629 hydrocarbons disrupt axial development in sea urchin embryos through a [beta]-catenin 630 dependent pathway. Toxicology 186, 93-108.

aggregates of degenerating previtellogenic oocytes. Growth and maturation of previtellogenic

organism in fertilisation and embryo development assays(Klöckner et al., 1985; Caldwell et 

reported byVashchenko and Zhadan (1993), Vaschenko et al. (2001) and Vashchenko et al.

(2001) in areas of Peter the Great Bay (Sea of Japan) polluted with heavy metals.

Histopathological alterations of spermatogenesis in the sea urchin Anthocidaris crassipina

For the Alcian Blue/PAS staining procedure sections were first stained with Alcian Blue

Schiff's reagent for 20 min., bleached in sulfurous acid for 2 min., washed again in distilled

water for 5 min. and stained with Gill's hematoxylin for 15 min. The sections were blued in

running tap water for 10 min., rinsed in distilled water for 2 min., air dried and mounted with

Euparal. The procedure results in blue staining of acidic mucopolysaccharides, magenta

staining of neutral mucopolysaccharides and in a blue/purple staining of a mixture of acidic

4.6.3.0, ZEISS).

lipofuscin content were square-root transformed. For the data on histopathology a one-way

gonadal tissue (Figure3 c). In phenanthrene-treated animals 78 % of the previtellogenic

oocytes in the ovary of P. miliaris. PAHs and oil are known to increase the prevalence of

oocyte degeneration or oocyte atresia in molluscs: Ortiz-Zarragoitia andCajaraville (2006) 

(Hamdoun et al., 2004; Roepke et al., 2006). In sea stars efflux transporter activities are

known to increase during oocyte maturation(Roepke et al., 2006). Moreover, younger

Reunov, 2005) but it is also described in the sea urchin Strongylocentrotus intermedius from

polluted areas in the Sea of Japan(Vashchenko and Zhadan, 1993). The PAH-induced

measured at polluted sites(Boehm et al., 1990). However, after the Hebei Spirit incident at

Bremen. The authors thank B. Hussel and the staff of the FS Mya for collecting the sea

(Echinodermata: Echinoidea) in a Scottish sea loch. Journal of the Marine Biological

Association of the UK 80, 909-919.

Roepke, T.A., Hamdoun, A.M., Cherr, G.N., 2006. Increase in multidrug transport activity is

condition of the sea urchin Strongylocentrotus intermedius from Alekseev Bight (Amurskii

Bay) under polluted conditions. Russian Journal of Marine Biology 27, 49-53.

ANOVA, Tukey HSD, p < 0.05).