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table 2 Deviations from equal sex ratios in perch and roach. Sex ratios were tested with the exact test assuming equal sex ratios and a 
binomial distribution. Contaminated sites are marked with an asterisk. 
 

species site season sex ratio 
perch Lake Wisper winter 2002 male surplus (N = 6, df = 1, p = 0.016) 

 Taubergießen winter 2002 female surplus (N = 40, df = 1, p < 0.001) 
 Goldgrund winter 2002 male surplus (N = 39, df = 1, p = 0.01) 
 Lampertheim marina* winter 2001 male surplus (N = 37, df = 1, p = 0.01) 
 Lampertheim marina* winter 2002 male surplus (N = 41, df = 1, p = 0.03) 
 Lampertheim marina pooled* summer 2001 through winter 2002 male surplus (N = 123, df = 1, p = 0.004) 
    

roach Kühkopf summer 2002 male surplus (N = 7, df = 1, p = 0.008) 
 Goldgrund summer 2002 male surplus (N = 9, df = 1, p = 0.02) 
 Lake Guckai winter 2002 female surplus (N = 40, df = 1, p = 0.001) 
 Lampertheim marina* winter 2001 female surplus (N = 35, df = 1, p = 0.02) 
 Lake Guckai pooled winter 2001 and winter 2002 male surplus (N = 79, df = 1, p < 0.001) 

 
table 3 Homogeneity analysis for sex ratios in perch and roach. Homogeneity of samples was tested with the 2I-test. Contaminated sites are 
marked with an asterisk. n.s. p > 0.05.  
 

Species Samples Test result 
perch Lake Wisper summer 2001 through winter 2002 GH = 5.425, df = 3, N = 65, n.s.# 

 Taubergießen summer 2001 through winter 2002 GH = 0.446, df = 3, N = 136, n.s. 
 Kühkopf summer 2001 through winter 2002 GH = 0.920, df = 3, N = 137, n.s. 
 Goldgrund summer 2001 through winter 2002 GH = 8.297, df = 3, N = 141, p < 0.05 
 Lake Guckai winter 2001 and winter 2002 GH = 1.665, df = 1, N = 58, n.s. 
 Lampertheim marina * summer 2001 through winter 2002 GH = 1.642, df = 3, N = 122, n.s. 
 Schierstein marina * summer 2001 through winter 2002 GH = 1.987, df = 3, N = 132, n.s. 
 Schwarzbach* summer 2001 through winter 2002 GH = 1.116, df = 3, N = 142, n.s. 

 Pooled samples of Kühkopf, Lake Guckai, Taubergießen and 
Lake Wisper (reference population of uncontaminated sites) GH = 0.645, df = 3, N = 396, n.s. 

 Reference population vs. Lampertheim marina * GH = 5.412, df = 1, N = 512, p < 0.05 
 Reference population vs. Schierstein marina * GH = 0.063, df = 1, N = 528, n.s. 
 Reference population vs. Schwarzbach* GH = 1.237, df = 1, N = 538, n.s. 
   

roach Lake Wisper summer 2002 and winter 2002 GH = 1.908, df = 1, N = 36, n.s. 
 Taubergießen summer 2001 through winter 2002 GH = 1.136, df = 3, N = 122, n.s. 
 Kühkopf summer 2001 through winter 2002 GH = 1.592, df = 3, N = 92, n.s. 
 Goldgrund summer 2001 through winter 2002 GH = 4.806, df = 3, N = 103, n.s. 
 Lake Guckai winter 2001 and winter 2002 GH = 1.078, df = 1, N = 82, n.s. 
 Lampertheim marina * summer 2001 through winter 2002 GH = 6.529, df = 3, N = 92, n.s. 
 Schierstein marina * summer 2001 through winter 2002 GH = 0.841, df = 3, N = 124, n.s. 
 Schwarzbach* winter 2001 and winter 2002 GH = 0.631, df = 1, N = 72, n.s. 

 Pooled samples of Goldgrund, Kühkopf, Taubergießen and 
Lake Wisper (reference population of uncontaminated sites) GH = 0.529, df = 3, N = 353, n.s. 

 Reference population vs. Lampertheim marina * GH = 2.337, df = 1, N = 445, p < 0.05 
 Reference population vs. Schierstein marina * GH = 2.389, df = 1, N = 477, n.s. 
 Reference population vs. Schwarzbach* GH = 0.236, df = 1, N = 425, n.s. 

# n.s. = not significant 
 
 
 
 
 
 
 
 
 

table 4 pollutant burden Schwarzbach and river Rhine (water)  (HLFU 1998).  



Schwarzbach Rhine
(km 480)

µg/L
Chlorine pesticides:
HCH (LQ:0,01) 0,03 <0,01

o,p´DDT (LQ: 0,01) <0,01 <0,01
o,p´DDE (LQ: 0,01) <0,01 <0,01
p,p´DDE (LQ: 0,01) <0,01 <0,01
p,p´DDD (LQ: 0,01) <0,01 <0,01
Aldrin (LQ: 0,01) <0,01 <0,01
Dieldrin (LQ: 0,01) <0,01 <0,01
Bromocyclen (LQ: 0,01) <0,01 <0,01
Endosulfan (LQ: 0,01) <0,01 <0,01

ng/L
Alkyl phenol (LQ: 5):
p-iso NP 30 240
iso OP <5 8

(LQ: limit of quantitation)

table 5 suspended matter pollutant burden - means of 14 measurements (HLFU 1998). ,

Schwarzbach Rhine (km 480)
                  mg/kg dry weight

AOX 130 133
Alkyl phenol (1996) (LQ: 
0,08)

2,82 -

%
TOC 14,7 4,9

µg/kg TS
PCB (LQ: 1):
6 DIN PCB 165 43
coplanare PCB 77 2 <1
coplanare PCB 105 2 <1
HCB (LQ: 1) 13 4
Chlorine phenol:
PCP (1996) (LQ:7-14) 46 -
Chlorine pesticides:
HCH (LQ: 1-7) 12 <3

o,p´DDT (LQ:1-7) <3 <2
o,p´DDE(LQ: 1-2) 1 <2
p,p´DDE (LQ: 4-7) 22 7
p,p´DDD (LQ: 1-9) 11 <1
Aldrin (LQ:1-9) <2 <1
Dieldrin (LQ:1-23) <1 <3
Bromocyclen (LQ: 1) 7 <1
Endosulfan: 
(LQ: 1-48) <4 <14

(LQ:  4-20) <5 <7
Heptachlor (LQ:  1-3) <1 <1

                   ng/kg dry weight
Dioxine and Furane (1994):
PCDD tetra-octa 2653 2478
PCDF tetra-octa 1140 600

              µg/kg dry weight
PAK:
Fluranthen (LQ: 1-10) 1360 583
Benzo(a)pyren (LQ: 1-10) 887 307
Anthracen (LQ: 1-10) 119 60



Phenanthren (LQ: 1.10) 538 279 
Pyren (LQ:  1-10) 941 431 
Naphthalin (LQ:  1-10) 133 102 
 16 EPA PAKs 9248 3710 
 6 TVO PAKs 5470 2012 
Musk compounds:  
M-Xylol (LQ:  1-8) 6 2 
M-Keton (LQ:  1-8) 78 <2 
HHCB (Galaxolid) (LQ: 10) 1915 45 
AHTN (Tonadolid) (LQ: 10) 2062 53 
(LQ: limit of quantitation) 
 
 

table 6 Tinorganic compounds in suspended matter (µg/kg dry weight) (HLFU 1998). (LQ: limit of quantitation) 

 Schwarzbach Rhine (km 480) Schierstein marina Lampertheim marina 
Monobutyltin (LQ: 1-5) 
Dibutyltin (LQ: 1-5) 
Tributyltin (LQ: 1-5) 
Triphenyltin (LQ:1-5) 
Dioctyltin (LQ: 1-5) 

78 
130 
26 
17 
17 

17 
33 
8 
2 
2 

51 
58 

143 
14 
7 

33 
61 

206 
<1 
136 

(LQ: limit of quantitation) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 7 Gonadal anlage of juvenile perch in June. fig. 7a Overview: prospective unpaired ovary showing an ovarian cavity 
fig. 7b prospective paired testes. BV: blood vessel, DPE: peritoneal duplication, G: gut, MEC: mesenchymal cells, OC: ovarian cavity,  PE: 
peritoneum, POE: perch specific ovarian epithelium  
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fig. 8 Cross-section through the caudal body cavity of a juvenile perch caught in June. DPE: peritoneal duplicature, GA: gonadal anlage, G: 
gut, PE: peritoneum, UB: urinary bladder, TM: trunk muscles 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
fig. 9 Cross-section of perch ovary. Arrows: cross-sections of nerve fibers that to innervate the muscularis of ovarian wall.  
fig. 9a: higher magnification, different sections of nerve fibers, Fig. 9b BV: blood vessels, M: muscularis NV: nerve fibers 
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fig. 10 perch oocyte fig. 10a in chromatin-nucleolus stage, 
fig. 10b in perinucleolus stage. OCN: oocyte in chromatin-nucleolus stage, OPN: oocyte in perinucleolus stage  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 11a Ovary of early ripening female (1+ summer) showing growing oocytes in cortical alveolus stage.  
fig. 11b Ovary of a late ripening male (1+ winter) showing oocytes with inhomogeneous ooplasma staining properties. IHSO: 
inhomogeneous staining ooplasma, OC: ovarian cavity, OCA: oocytes in cortical alveoli stage, POE: perch specific ovarian epithelium, 
POW: perch specific ovarian wall 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 12a Ovary of late ripening female (2+ summer) showing oocytes in cortical alveoli stage, ovarian epithelium surrounding individual, 
growing oocytes. fig. 12b Higher magnification of oocyte periphery showing gonadal epithelium partly surrounding growing oocytes, 
peripheral ooplasma with lipid droplets, bilayered follicle cells and gonadal epithelium. FE: follicle epithelium OCA: oocyte in cortical 
alveoli stage, POS: perch specific ovarian secretion, OC: ovarian cavity, POE: perch specific ovarian epithelium,  
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fig. 13 Resting ovary (summer) clearly showing histological features of previous spawning events (overview). OC: ovar ian cavity, POF: 
postovulatory follicle, POW: perch specific ovarian wall, ROC: resorbtion of oocyte 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 14 Ovary (Schwarzbach, 2+ winter) showing suppression of ovarian development on previtellogenic stage of oogenesis instead of ma ture 
oocytes. fig. 14a survey, fig. 14b Histopathological alteration of auxocyte cytoplasm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 14c gonadal epithelium does not surround individual oocytes, follicle epithelium is single layered. AAC: altered auxocyte, APOE: 
altered perch specific ovarian epithelium, FE: follicle epithelium,  
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fig. 15 Histological features of spermatogenesis. fig. 15a Caudal region of late maturing testes (0+ summer), juvenile testes. fig. 15b Caudal 
region of late maturing testes (1+summer), proliferation of secondary spermatogonia. fig. 15c Caudal region of late maturing testes (1+ 
winter) spermiohistogenesis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 15d Early ripening males in perch [%].AT: adipose tissue, BV: blood vessel, MEC: mesenchymal cells, SG: spermatogonia, SPC: 
spermatocytes, S: sperm. 
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fig. 16a Urinary bladder of male perch in summer. fig. 16b Urinary bladder of male perch in march immediately prior to spawning.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 16c higher magnification. UB: urinary bladder. 
 
 

 
 
 
fig. 17 Gonadal recrudescence (2+ summer). fig. 17a Proliferation of secondary spermatogonia fig. 17b Higher magnification showing gonial 
mitosis primary- to secondary spermatogonium; MEC: mesenchymal cells, SG: spermatogonia, MP: metaphase plate 
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fig. 18a Cross-section through caudal body cavity of roach larvae (2 cm total length, 0+ summers). The gonadal anlage comprises only a few 
cells attached to the dorsal peritoneal epithelium. 
fig. 18b Higher magnification of gonadal anlage. AT: adipose tissue, BV: blood vessel, GA: gonadal anlage, G: gut, LC: lymphatic cell, PE: 
peritoneum, P: pancreas, SWB: swim bladder, TM: trunk muscles 
 
 
 
 

 
 
fig. 19 Roach fingerling (0+ summer). fig. 19a Ovary with two attachments to the peritoneal wall (arrows). Germ cells persisting on the 
oogonium stage are not visible indicating an immediate transformation to oocytes.  
fig. 19b Higher magnification showing  oocytes in chromatin- nucleolus stage; LC: lymphatic cell, MEC: mesenchymal cells, OCN: oocytes 
in chromatin-nucleolus stage, OPN: oocytes in perinucleolus stage, PE: peritoneum, PGD: prospective gonoduct 
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fig. 20 Roach ovary in second summer (1+ summer), transition from the auxocyte to early vitellogenic step of endogenous oogenesis,  
fig. 20a overview.  
fig. 20b During the second summer a prominent mesenchymal tissue consisting of granulated lymphatic cells and undifferentiated motile 
cells appear in the gonadal interstitium. 
 

 
fig. 20c Higher magnification (section of fig. 20b). AT: adipose tissue, LC: lymphatic cell, MEC: mesenchymal cells, OPN: oocytes in 
perinucleolus stage, PCD: prospective gonoduct, 
fig. 20d Cells originating from ex-vivo preparations of (1+ summer) roach ovarian tissue. Green arrow: undifferentiated mesenchymal cell, 
yellow arrow: eccentric nucleus of granulated lymphatic cell, black arrow: hyaloplasm belonging to the granulated cells (enables motility of 
the cell type).  
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fig. 21a Roach ovarian tissue in second winter (1+winter), overview. During the second winter the oocyte cytoplasm becomes more 
eosinophilic. 
fig. 21b Higher magnification, a single layered follicle epithelium becomes visible. AT: adipose tissue, FC: follicular cells, OCN: oocytes in 
chromatinnucleolus stage, OPN: oocytes in perinucleolus stage, PE: peritoneum, PGD: prospective gonoduct 
 
 

 
fig. 22 Ovary in the third summer (2+ summer), fig. 22a Ovary overview oocyte ripening starts in all females, 
fig. 22b the gonad is colonized by undifferentiated cells contributing to the formation of a very tight packed bilayered follicle epithelium 
surrounding the growing oocyte in cortical alveoli stage, many blood vessels become visible  
 

 
 
fig. 22c Oviduct epithelium. Oviduct epithelial cells become isoprismatic during  summer  
fig. 22d Temporary ciliated oviduct epithelium in late summer/autumn. BV: blood vessel, CS: cilia seam, FC: follicular cells, MEC: 
mesenchymal cells, PE: peritoneum, PGD: prospective gonoduct. 
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fig. 23 a-e Roach ovary (1+ summer) originating from a highly polluted creek 
fig. 23a Seasonal and ontogenic precocious ripening of individual oocytes (cortical alveoli stage).  
fig. 23b Immature blood cells. 
 
 

 
 
fig. 23c Deviations in forming of bilayered follicular epithelium. 
fig. 23d Individual ciliated cells appear between the oocytes.  
 
 
 

 
 
fig. 23e Gonoduct epithelium is thickened and shows cilia.  
fig. 23f Roach ovary (2+ winter): Disturbed oogenesis on Schwarzbach site 
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fig. 23g Ligula intestinalis related suppression of oogenesis. 
fig. 23h Degenerated ovary of roach (3+ summer) from Schwarzbach-site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 23i Roach 3+ summer caught in Schwarzbach asynchronous oogenesis comprising juvenile and adult winter and summer stages,  
fig. 23j magnification of 22 e, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 fig. 23k Roach 3+ summer caught in Schwarzbach single growing oocyte with tumourous alteration of follicle epithelium, arrows: atypical 
inhomogeneous cytoplasm staining in summer. AC: auxocyte, AFM: atypical female meioses, AT: adipose tissue, BV: blood vessel, CC: 
ciliated cells, CS: cilia seam, FC: follicle cells, GD: Gonoduct, MO: mature ovule, OCA: oocyte in cortical alveoli stage, OCN: oocyte in 
chromatin-nucleolus stage, OPD: oocyte plasma degeneration, PGD: prospective gonoduct, pOCA: precocious oocyte in cortical alveoli 
stage, ROC: resorbtion of oocyte, TAFE: tumourous altered follicle epithelium. 
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fig. 24 Testes of roach in late spring (0+ summer); male gonads are characterized by the absence of oocytes. Spermatogonia showing typical 
germ cell features are also missing. AT: adipose tissue, GA: gonadal anlage, LC: lymphatic cell, PE: peritoneum, MEC: mesenchymal cells  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 25 Testes of roach in late summer (0+ summer); Differentiation of spermatogonia, a typical gonadal hilum showing one attachment site 
to the peritoneum and a prospective sperm duct takes place until autumn of the first year, fig. 25a Dorsolateral overview of the body cavity. 
fig. 25b Higher magnification of the attachment site. AT: adipose tissue, GA: gonadal anlagef, G: gut, M: mesenchymal cells, P: pancreas, 
PE: peritoneum, PGD: prospective gonoduct, SG: spermatogonia, SWB: swim bladder 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 26 Testes of roach in second summer (1+ summer). The number of gonia increased during the second summer. Gonia were arranged in 
groups, pronounced mitotic activity is not recognizable. SG: spermatogonia, SC: somatic cells  
fig. 27 Testes of roach in second summer (1+ summer). Transition of primary spermatogonia to secondary spermatogonia starts in late 
summer and results in sphere like gonial aggregations. SG: (primary) spermatogonia, SG2: secondary spermatogonia 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 28 Testes of roach in second winter (1+ winter). Transition from secondary spermatogonia to spermatocytes is completed during second 
winter. SC: somatic cells, SPC: spermatocytes 
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fig. 29 (6+ autumn). Histological features of gonadal ripening are very similar in 1+ and elder fish during late summer and winter. SG: 
(primary) spermatogonia, SG2: secondary spermatogonia 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 30 Testes of adult roach (4+ late summer). Pronounced mitotic activity was only related to transition of spermatogonia to spermatocytes 
(meiosis). MP: metaphase plates, SG: spermatogonia, SPC: spermatocytes  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fig. 31 Prevalence of parasitical infects in roach. 
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