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The in creasin g residue levels of PCBs an d DDE in  the 

blubber of dalli-type Dali's porpoises were foun d to 

have a n egative effect on  the testosteron e levels in  

blood. Decrease in  the levels of testosteron e was statis- 

tically sign ifican t with in crease in  DDE con ce n tratio n s . 

The results obtain ed suggest that the presen t levels of 

en viron men tal con tamin atio n  by persisten t organ o- 

chlorin es can  cause an  imbala n ce of sex hormon es an d 

subsequen t reproductive abn ormalities in  wild. The 

other hormon e measured, aldosteron e, which has n o 

sexual fun ction , was in depen den t of the effects of both 

PCBs an d DDE. 

In natural biological systems, the conspicuous toxi-

cological effects of persistent organochlorines such as

PCBs, DDTs and related compounds seem to be promi-

nently observed in pinnepeds (Delong et al., 1973;

Helle et al., 1976a, 1976b; Reijnders, 1980) and birds

ONeimeyer et aL, 1984; Peakell & Kiff, 1979; Newton

et al., 1982) especially causing reproductive abnormali-

ties. Tanabe et al. (in press) suggested that small ceta-

ceans and birds have lower activities of drug-metabo-

lizing enzyme systems and so are vulnerable to repro-

ductive toxicities of persistent organochlorines. A


recent study on Dalrs porpoises, Phocoenoides dalli
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collected from the northwestern North Pacific showed 

varying levels of PCBs and DDE in their blubber (Sub- 

ramanian et al., 1986).

To find out the possible effect of organochlorines in


these animals we measured the levels of testosterone

and aldosterone in their blood. In adult male Dall's por- 

poises, higher levels of xenobiotics seem to have a signi- 

ficant effect on the testosterone levels. This is the first 

report to demonstrate a significant correlation between 

the organochlorine concentrations and sex hormone 

levels in the bodies of wild animals. 

Material an d Methods 

Twelve male dalli-type Dall's porpoises caught in the 

northwestern North Pacific within an area covering 37- 

48°N latitude and 151-1750E longitude in the R.V. 

Hovomaru (No. 53 cruise) during May-June 1984 were 

used in this study. All the specimens studied here had a 

left testis weight of more than 40g (Table 1) and hence 

can be considered to have attained sexual maturity 

(Kasuya & Jones, 1984; Kasuya & Shiraga, 1985). Sub- 

cutaneous blubber samples and blood from heart were 

collected immediately after the animals were caught. 

PCBs and DDE in the blubber samples were analysed 

by the alkaline-alcohol digestion method of Wakimoto 

et al. (1971). Required amounts of the samples were 

digested in KOH-C2H~OH. The PCBs and p,p'-DDE 

( p , p ' -DDT is transformed to p,p'-DDE during alka- 

line-alcohol digestion) thus brought into ethanol were 

transferred to hexane. After silica-gel and 5% fuming 

H2SO4 clean-up, PCBs and DDE were measured in 

Shimadzu GC-9A splitless technique glass capillary gas 

chromatograph equipped with 63Ni electron capture 

detector. Testosterone and aldosterone levels in blood 

were measured by radioimmuno assay. The ages of the 

specimens were determined by counting the growth 

layers in the cementum of the teeth. All the specimens 

used in this study were collected about one or two 

months before the parturition season of this species 

(Kasuya, 1978). As all the specimens were collected in 

May-June, that is well before the yearly mating period 

(middle August-late October), the sex hormone levels 

of the specimens can be expected to be lower. The 

effects of other parameters, not related to sexual activi- 

ties, on levels of sex hormones during this period may

be more apparent than in the sexually active period.

Results an d Discussio n

Biological data, biometry and the values of PCBs an d


DDE and hormone levels are given in Table 1. Com-

parison of the testosterone levels in blood and the PCB

and DDE levels in the blubber of the specimens clearly

shows that with increase in the concentrations of these

xenobiotics, testosterone levels decrease (Fig. 1). In these

two chemicals, possible effect of DDE on the male sex

hormone level is significant (r= -0. 66: p<0. 05) . Even

though the depression in the levels of testosterone with

increase in PCB concentrations is not statistically

significant the variations are apparent as seen in Fig. 1.


Organochlorines have been found to cause micro-

somal enzyme induction, accelerating hydroxylation of

body steroids such as estrogens (Reijnders, 1986) and

also to have an effect on the normal reproductive activi-

ties of many experimental animals, such as advance-

ment of vaginal opening in rats (Gellert et al., 1972)

and inducement of abnormal changes in male embryos

of gull eggs by development of an ovarian-like tissue on

left testis (Fry & Toone, 1981). Haake et al. (1987)

noticed the induction of the formation of testosterone

hydroxylases by the administration of various pesticides

to rats.


Results obtained by the treatment with DDT in


Leghorn cockerels could be easily duplicated by the

injection of an estrogen (Burlington & Lindemann,

1950). Such an estrogenic effect of other organo-

chlorine compounds like methoxychlor (Bitman &


Cecil, 1970) and Kepone (Eroschenko & Mousa, 1979)

have been demonstrated in experimental animals.

Even though such a drastic estrogenic action of

PCBs and DDE could not be shown clearly, a signifi-

cant decrease in the levels of testosterone with

increasing organochlorine levels is an obvious fact to

show that these ubiquitous pollutants are affecting the

normal reproductive hormone levels in wild animals. In

fact, the other hormone measured in this study, aldo-

sterone, which has the function of controlling the

sodium levels in blood and has no sexual function was

not affected by either of the chemicals (Fig. 2).


Concentrations of PCBs and 

TABLE 1


DDE in blubber and levels of aldosterone and testosterone in blood of Dalli-type Dali's porpoises Phocoenoides dalli

collected from northwestern North Pacific during May-June 1984.

Body Body Gonad wt. Levels of hormone Concentration

No. length weight (g) aldo testo (gg g- t wet wt)

(cm) (kg) L R (pg 1-') (ngl ') PCBs DDE

1 212 156 101 110 67 1.18 17.8 16.3

2 t85 124 178 I90 123 4.12 6.97 10.3

3 197 123 140 165 18(1 4.92 5.62 7.61

4 199 123 57 56 I6.5 6.24 7.44 11.6

5 180 101 70 64 190 2.72 8.00 10.9

6 210 149 130 120 180 3.92 14.9 14.0

7 190 120 67 57 88 3.36 6.49 10.1


8 196 155 120 68 195 2.60 11.7 16.5

9 188 - 130 135 100 6.40 6.67 8.16

10 194 119 145 140 170 4.68 7.08 10.1


11 176 129 115 128 32 I0.6 5.69 7.87

12 181 114 75 84 1500 9.4 9.91 8.67
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Recently Reijnders (1986) repor ted the reproductive 

failure of common seal, Pho c a v im l i n a in the wild due 

to the consumption of PCB-polluted fish in the Dutch 

Wadden Sea, but he did not notice any circumannual

variation in the levels of circulating sex hormones in the 

exper iments conducted on the females of these animals 

fed with PCB contaminated fish and also on the Amer i- 

can mink, Mus t e l l a v i son fed with commercial PCB

spiked diet. Ir respective of the precise mechanisms

involved, the plausible effect of PCBs and DDE in

reducing the testoste rone level in Dall's porpoise may 

be an indication of the causative effects of PCBs and 

DDE in affecting the normal sexual functions of wild

animals. From the present results it seems that PCBs 

and DDE affect only the male sex hormone s whereas 

the reproductive abnormalities obse rved in females of

various marine mammals (Helle e t al. , 1.976b; Reijn- 

ders, 1986) may be via different mechanism or such a 

reduction in male sex hormone by PCBs and DDE may

be species-specific in DaWs porpoise . 

At present, we are not aware of the extent of damage 

done by the existing levels of xenobiotics on the repro-

ductive capabilities of DaWs porpoise . But small ceta- 

ceans have specific features of metabolism (Saito et al., 

1986) and especially the Dali's porpoises have very

weak metabolic enzyme systems for dealing with such 

chemicals (Tanabe e t al. , in press). Bush et al. (1986)

repor ted the reduction of spe rm motility with increasing 

PCB concentration in humans , indicating the possible

causative effect of PCB congener s themselves or the

effect of a more potent series of associated compounds .

With all these facts added together it can be presumed 

that a situation may arise where the level of exposure of 
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Fig. 1 Relationship between the concentrations of PCBs and DDE in 

blubber and levelsof  testosterone in blood of adult male Dalli- 

type DaU'sporpoises collected from northwestern North Pacific. 

DaWs porpoise , othe r animals and probably also man,

to those compounds is high enough to elicit a severe

estrogenic effect.

We thank Drs. K. Takagi and T. Kasuya of Far Seas Fisheries Labora-

tory, Japan for planning and conducting the cruises in which the


specimens of Dali's porpoises were collected and Mrs. S. Indira for


secretarial assistance.


Bitman, J. & Cecil, H. C. (1970). Estrogenic activity of DDT analogs

and polychlorinated biphcnyls, J. Agri. Food. Chem. 18, 1108-1112.

Burlington,H. & Lindemann, V. F. (1950). Effect ofDDT on testesand


secondary sex characters of white leghorn cockerels. Proc. Soc. Exp.


Biol. Med. 74, 48-51.


Bush, B., Bennett, A. H. & Snow,J. T. (I986). Polychlorobiphenylcon-

geners, p.p'-DDE and sperm function in humans. Arch. Environ.


Contam. Toxicol. 15, 333-341.

Delong, R. L., Gilmartin, W. G. & Simpson, J. G. (1973). Premature


births in California sea lions: Association with high organochlorine


pollutant residue levels. Science 181, 1168-117(I.


Eroschenko. V. E & Mousa, M. A. (1979). Neonatal administration of

insecticide chlordecone and its effects on the development of repro-

ductive tract in the female mouse. Toxicol. Appl. Pharrnacol. 49,

151-159.


Fry, D. M. & Toonc, C. K. (I981). DDT-induced feminizationof  gull


embryos. Science 213,922-924.

Gellert, R. J., Heinrichs, W. L. & Swerdloff,R. S. (1972). DDT homo-

logs: Estrogen like effects on the vagina, uterus, and pituitory of the


rat. Endocrinology91, 1095-1100.


Haake, J., Kelly,M., Keys,B. & Safe, S. (1987). Thc effectsof  organo-

chlorine pesticides as inducers of testosterone and Benzo(a)pyrcnc


hydroxylases. Gen. Pharmac. 18, 165-169.


0.2

r-

f-

,2


~0.I

m


o 

-'o

., ¢

% 

1 

10 

PcB ( ug g'~)


I


2O

0,2

r"

r' -

O


0.1


o


C i I i J


0 10 20

DOE ( ug g") 

Fig. 2 Relationship between the concentrations of PCBs and DDE in

blubber and levels of aldosterone in blood of adult male Dalli-

type Dali's porpoises collected from northwestern North Pacific.

645

AR017385



Helle, E., Olsson, M. & Jensen, S. (1976a). DDT and PCB levels and 

reproduction in ringed seals from Bothnian bay. Ambio 5, 188-189. 

Helle. E., Olsson, M. & Jcnsen, S. (t976b). PCB lcvcls correlated with 

pathological changes in seal uteri. Arnbio 5, 261-263. 

Kasuya, T. (1978). The life history of Dali's porpoise with special refer- 

once to the stock off the Pacific coast of Japan. Sci. Rep. Whales Res. 

bzst. 30, 1-63. 

Kasuya, T. & Jones, L. L. (1984). Bchaviour and segregation of the 

DaWs porpoises in the northwestern North Pacific ocean. Sci. Rep. 

Whales Res. Inst. 35, i(/7-128. 

Kasuya, T. & Shiraga, S. (1985). Growth of Dali's porpoise in the 

western North Pacific and suggested geographical growth differentia- 

tion. Sci. Rep. Whales Res. bzst. 36, 139-152. 

Newton. I.. Bogan, J., Mock, E. & Little, B. (1982). Organochlorinc 

compounds and shell thinning in British merlins Falco columbarius. 

Ibis 124, 328-335. 

Peakall, D. B. & Kiff, C. F. (1979). Egg shell thinning and DDE rcsidue 

levels among peregrine falcons Falco peregrinus: a global perspec- 

tive. Ibis 121,200-204. 

Rcijndcrs. P. J. H. (1980). Organochlorinc and heavy metals residues in 

Marine Pollution Bulletin

seals from the Wadden Sea and their possible effects on reproduc-

tion. Neth. Z Sea Res. 14, 30-65.

Rcijndcrs, P. J. H. (1986). Reproductive failure in common scals

feeding on fish from polluted waters. Nature 324,456-457.

Saito, S., Nagamine, Y., Oshima, 1., Kita, T., Fujise. Y. & Tatsukawa, R.


(1986). Serum components of small cetaceans in north-western

Pacific waters. Agric. BioL Chem. 50, 33-39.

Subramanian, AN., Tanabe, S., Fujise, Y. & Tatsukawa, R. (1986).

Organochlorine residues in Dali's and True's porpoises collected

from northwestern Pacific and adjacent waters. Mere. Inst. Natl.

PolarRes. Tokyo, Japan 44, 167-173.

Tanabe, S., Watanabe, S., Kan, H. & Tatsukawa, R. (in press). Capacity

and mode of PCB metabolism in small cetaceans. Mar. Mare. Sci.


Wakimoto, T., Tatsukawa, R. & Ogawa, Z (1971). Analytical method of

PCBs (in Japanese).- J. Environ. PoUut. Control 7,517-522.

Weimeyer, S. W., Lamont, T. G., Bunck, C. M., Sindelar, C. R., Gram-

lich, F. J., Fraser, J. D. & Byrd, M. A. (1984). Organochtorine pesti-

cide, polychlorobiphenyl and mercury residues in bald eagle eggs--

1969-79--and their relationships to egg shell thinningand reproduc-

tion. Arch. Environ. Contain. ToxicoL 13,529-549.

Marine Pollution Bulletin, Volume 18, No. 12, pp. 646-649, 1987. 

Printed in Great Britain. 

0025-325X /87$3 .00+ 0.00

© 1987 PergamonJourn als Ltd.


Estimation  of Meioben thic Nematode

Diversity by Non -specialists

COLIN G. MOORE, SCOT MATHIESON, DAVID J. L. MILLS and BRIAN J. BETT

Department ofBiological  Sciences, Heriot- Watt University, Chambers Street, Edinburgh EH1 1HX, UK

A methodology is presen ted for the estimation  of n ema- 

tode diversity usin g Cairn s' techn ique of sequen tial 

comparison s. The accuracy an d precision  of the

method are examin ed an d a test presen ted for the com- 

parison  of diversity estimates. 

In recent years, several authors have recognized the 

potential for the employment of measures of nematode 

community structure in pollution monitoring pro-

grammes (e.g. Ferris & Ferris, 1979; Platt & Warwick,

1980; Lambshead, 1986). In common with most taxa, 

nematode diversity tends to decrease with pollution

(Help et aL, 1985), although this is not invariably the 

case (e.g. Tietjen, 1977; Hodda & Nicholas, 1986). 

Platt et al. (1984) have drawn attention to the advan- 

tages of using Simpson's index for the measurement of

nematode diversity in pollution studies. One benefit is


that it can be estimated by employing a slight modifica-

tion of the sequential comparison index of Cairns et al. 

(1968). This avoids the necessity to identify species or

even to sort animals into distinct taxa. 

Cairns et al. (1968) suggested estimating diversity by 

a process which involved arranging the individuals from 

a sample into a random sequence and recording the 

number of runs; a run is defined as a maximal sequence 

of consecutive specimens of the same species. Thus 

specimen 1 is compared to specimen 2, then specimen 

2 with specimen 3 etc. 

For a sample of N specimens, Cairns linked esti-

mator is defined as

No. runs - 1


C-

N


(Patil & Taillie, 1976). C provides an unbiased esti-

mator of Simpson's Index, 1-6, whereas 6 is the proba-

bility that two specimens chosen randomly from the

community belong to the same species, i.e.


o


i= l

where z~ is the proportion of the i th species in the com-

munity, comprising a total of a species. For a sample,

Simpson (1949) has shown that

Z n~(n~- 1)


O_ i= l

N(N- 1)


is an unbiased estimator of 6, where n~ is the number of

specimens of the i th species in a sample of s species.

A simple method for determination of nematode

diversity, which obviates the requirement for specialist

taxonomic knowledge, would facilitate assessment of

the utility of nematode community structure in the con-

text of pollution studies, and may itself contribute to a


protocol for monitoring benthic communities. This

646

AR017386


