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INTRODUCTION

Organochlorines (OCs) are known persistent organic pollutants (POPs) that 
both bioaccumulate and biomagnify within marine food webs. This chapter will 
focus on the legacy pollutants polychlorinated biphenyls (PCBs) and dichlo-
rodiphenyltrichloroethane (DDT), which have been reported to have adverse 
effects on endocrine, reproductive, and immune functions in marine mammals 
(Hall et al., 2006a; Murphy et al., 2015; O’Shea et al., 1999; Reijnders et al., 
1999; Vos et al., 2003). The chapter is divided into three sections, including an 
introduction to OCs and their effects, a review of the published cases of repro-
ductive failure and dysfunction in cetaceans associated with exposures to OCs, 
and a new case study exploring the effects of PCBs on reproduction in short-
beaked common dolphins (Delphinus delphis) in the Northeast Atlantic. Thus, 
this chapter provides a comprehensive overview of published and new informa-
tion on OCs and reproductive implications in cetaceans.

PCBs were originally synthesized in the 19th century, but they came into 
widespread use in the 1930s. They were primarily used in mineral oils used as 
dielectric fluids in electrical equipment such as transformers and capacitors, 
but they were also used in a wide variety of other applications, including as 
flame retardants, in paints and lacquers, hydraulic fluids, caulks, and sealants 
(Diamond et al., 2010). A number of different products were produced, differing 
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in the proportion of chlorine incorporated and the range of congeners compris-
ing the product (e.g., Aroclor 1242, 1254 and 1260, manufactured by Monsanto: 
42%–60% chlorine). Most of the PCB products were produced in the United 
States and Europe (Law and Jepson, 2017). In the mid-1960s, they were dis-
covered as contaminants in fish from the River Viskan in Sweden, and later in 
other wildlife, highlighting their widespread environmental occurrence (Jensen, 
1996; Jensen et al., 1969). Subsequently, it was discovered that PCBs are per-
sistent and highly mobile, being transported to the Arctic by a process known as 
global distillation, or long-range atmospheric transport (Jepson and Law, 2016). 
Controls on production and use in both the United States and Europe, where 
over 1 million tons of PCBs were produced, began around the early 1980s.

Initially, marine environmental concentrations of PCBs declined rapidly fol-
lowing the ban in America and Europe in 1979 and 1985, respectively, but in some 
instances, this decline has stalled (Aguilar and Borrell, 2005; Borrell and Aguilar, 
2007; Jepson et al., 2016; Law et al., 2012). Continued input into the marine envi-
ronment through activities such as dredging of PCB-laden sediment and maricul-
ture, as well as from land-based sources such as leakages from old landfills and 
PCB-contaminated buildings material are suspected (Jepson et al., 2016; Tornero 
and Hanke, 2016). Further, as large quantities of PCB-containing equipment still 
require disposal (CLEEN, 2005) and the half-life of some PCB congeners is up 
to 100 years (Hickie et al., 2007; Jonsson et al., 2003; Sinkkonen, 2000), the 
problems associated with these compounds will continue for decades to come. 
Traditional organochlorine pesticide compounds (e.g., DDT, aldrin, dieldrin) have 
been restricted or scheduled for elimination under the Stockholm Convention 
since 2004 (United Nations Environment Programme, 2001), and declines in 
some of these compounds, notably, DDT, have been reported in some marine 
mammal populations (e.g., European waters; Aguilar and Borrell, 2005; Borrell 
and Aguilar, 2007; Law et al., 2012). However, concentrations of DDT have been 
observed to increase again in tropical wildlife species, where use has been recom-
mitted by the World Health Organization to tackle malaria (Alava et al., 2011).

As top predators with long life spans, cetaceans accumulate high concentra-
tions of OCs in their lipid tissue, as these lipophilic compounds bind to fatty acids 
in the blubber (90%–95% of total body burden; Aguilar, 1985), and odontocetes 
through their higher trophic level status have a higher exposure to OCs compared 
to mysticetes (Houde et al., 2005). Blubber concentrations in male cetaceans 
increase with age, with reported annual PCB accumulation rates of 1.1 mg/kg in 
UK harbor porpoises (Phocoena phocoena) (Murphy et al., 2015) and 2.96 mg/
kg in bottlenose dolphins (Tursiops truncatus) from Sarasota Bay, Florida (Hall 
et al., 2006b). In species such as killer whales (Orincus orca), a growth dilution 
phase was observed after weaning up to around 10 years in age, following which 
an increase in ΣPCBs was observed in males (Hickie et al., 2007). Once seques-
tered in blubber tissue, compounds are mobilized during times of fasting/starva-
tion or intense energetic demand. In southern resident killer whales (Orcinus 
orca), concentrations of POPs, possibly mobilized from endogenous lipid stores, 
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were highest and had the greatest potential for toxicity during periods of low prey 
abundance (Lundin et al., 2016). During pregnancy and lactation, female ceta-
ceans offload a high proportion of their lipophilic pollutant burden to offspring, 
particularly in lipid-rich milk. In bottlenose dolphins, up to c. 80% of OCs can 
be offloaded to firstborn calves during the first 7 weeks of lactation (Cockcroft 
et al., 1989). This is similar to long-finned pilot whales (Globicephala melas), 
where 60%–100% of their pollutant load is offloaded during lactational transfer, 
compared to just 4%–10% through placental transfer (Borrell et al., 1995), and 
in striped dolphins (Stenella coeruleoalba), 72%–91% of body burdens were 
offloaded during lactation and only 4%–9% during gestation (Fukushima and 
Kawai, 1981 reported in Yordy et al., 2010). For all cetacean species studied to 
date, gestational and lactational transfer of OCs has ranged from 3.5% to 15% 
and 67.6%–99.9%, respectively (Mongillo et al., 2016). DDTs are more eas-
ily transferred than PCBs, as transplacental and lactational transfer is easier for 
lower chlorinated compounds (Borrell and Aguilar, 2005). It is during these peri-
ods of mobilization of OCs that adverse health effects may occur, for example, 
exerting toxic effects on fetal growth and development.

Both PCBs and DDT have been reported as endocrine disruptors in marine 
mammals, though the latter has also shown direct lethal effects on wildlife. 
Endocrine-disrupting chemicals (EDC) are “an exogenous chemical, or mixture 
of chemicals, that interferes with any aspect of hormone action” (Zoeller et al., 
2012). By hormone action, it is inferred to mean hormone receptor activation, 
i.e., interfering or interacting with the hormone receptors themselves, such as 
mimicking hormones or blocking hormone receptors, and also delivery (syn-
thesis, release, transport including blood and across membranes, metabolism, 
or clearance) of hormones to those receptors (Zoeller et al., 2014). Thus, it is 
any inference with the endocrine system’s role in maintaining homeostasis, as 
well as roles in sexual differentiation, development, metabolism, and stress 
responses. In marine mammals, it has been hypothesized that PCBs and DDT, 
or metabolites thereof, bind to hormone receptors and/or hormone carriers, or 
in some cases break down steroid hormones through increased OC metabolic-
induced cytochrome (CYP) enzyme activity (Reijnders, 2003). EDCs differ 
somewhat from general toxicants as they (e.g., chemicals with hormone-like 
properties) have the ability to act at low doses, exhibit nonmonotonic dose 
responses (e.g., U-shaped curves), show varying effects over an individual’s 
lifespan, delayed effects (of sexual dysfunction and physical abnormalities) that 
are not evident until later in life or until future generations, and have the poten-
tial to show combination effects when exposed to multiple pollutants (Bergman 
et al., 2013; Ingre-Khans et al., 2017).

The EDC effects of PCBs depends on the specific congeners in the com-
pound, as some congeners have a dioxin-like mechanism mode of action, while 
other congeners and metabolites thereof have estrogenic and/or antiandrogenic 
or antiestrogenic effects (EEA Technical Report, 2012; Fossi and Marsili, 2003; 
Letcher et al., 2010). Both p,p′-DDT and o,p′-DDT, which comprise DDT, 
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promote estrogenic activity but have also been shown to have both antiestro-
genic and antiandrogenic effects, while the breakdown product, p,p′-DDE, has 
been shown to exert a wide variety of effects (Fossi and Marsili, 2003). Hence, 
the toxic effects of OCs can be exerted by the parent compound or by their 
metabolites, and different cetaceans (and even different populations, depending 
on previous levels of exposure) have varying capacities to metabolize/biotrans-
form OC compounds depending on the presence and activity of CYP enzymes 
(Houde et al., 2005; Muir et al., 1996). It is beyond the scope of this chapter to 
discuss the properties of OCs in detail; however, fully comprehensive reviews 
are provided elsewhere (Aguilar et al., 1999; Houde et al., 2005; Letcher et al., 
2010; O’Shea et al., 1999; Reijnders et al., 1999).

Using data on UK harbor porpoises from Murphy et al. (2015), we assessed 
the influence of metabolism and the degree of offloading of PCBs in females. 
PCBs were grouped into five structure activity groups (SAGs) based on their 
capacity for biotransformation as defined previously by Boon et al. (1994). Seven 
PCB congeners (PCB118, -138, -149, -153, -170, -180, and -187) contributed to 
79% of the ΣPCB content in female harbor porpoises blubber samples (Fig. 1.1). 
PCB118, PCB170, and PCB180 are dioxin-like PCBs, whereas PCB138 and 
PCB153 are nondioxin-like, with the latter having estrogen-like activities. The top 
PCB congeners in the blubber of females were PCBs 153 > 138 > 149 > 180 > 187, 
accounting for 54% of the ΣPCB concentration. PCB congener profiles did not 
differ markedly among reproductive groups, and this is due to the persistence of 
some congeners and the lack of ability by cetaceans to metabolize those conge-
ners. The highly persistent CB-153 ranged from 23% of ΣPCB concentration in 
pregnant females to 27% in resting females (neonates = 26%, immature = 26%). 

FIGURE 1.1 PCB congener profiles in 278 female UK harbor porpoises by reproductive status. 
Neonates n = 14, sexually immature n = 145, resting mature n = 54, lactating n = 28, and pregnant 
n = 37. (Raw data taken from Murphy et al. (2015).)
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PCB153, -138, and -149 are SAG 1, 2, and 5 congeners, respectively, and are 
considered nonbiotransformable in cetaceans (Boon et al., 1994; Yordy et al., 
2010). For SAG 3 congeners (PCB28, -31, -66, -105, -118, and -156) that are 
metabolized by CYP1A1-mediated enzymes in cetaceans (Boon et al., 1994; 
Yordy et al., 2010), relatively low concentrations were observed within the blub-
ber tissue of all maturity groups. Other cetaceans have also shown an accumula-
tion with age of metabolically refractory PCBs, but not for those PCBs that are 
subject to metabolism (e.g., bottlenose dolphins; Yordy et al. 2010).

There has been continued debate over the use of thresholds (below which 
no adverse effect occurs) in human studies, as not all people are equally sensi-
tive to a particular dose, so a graded response is expected (Zoeller et al., 2014). 
Further, there are so many confounding factors that have to be taken into account 
in human toxicity studies that dose thresholds are impossible to prove or dis-
prove (Zoeller et al., 2014). Namely, these are accounting for additive, syner-
gistic, or nonadditive effects between pollutants, and also other stressors, which 
leads to difficulties in identifying chronic and sublethal responses for specific 
pollutants, particularly where adverse responses show delayed latent effects. 
Similar problems have been observed in marine mammal toxicity studies, so 
few attempts have been made at understanding the exposure-response relation-
ship, and for the most part, proposed thresholds have relied on experimental 
studies on surrogate species. Kannan et al. (2000) proposed a toxicity threshold 
concentration of 17 mg/kg PCB lw (for Aroclor 1254; or 9 mg/kg for ΣPCBs 
determined by Jepson et al., 2016) for the onset of physiologic (immunological 
and reproductive) endpoints in marine mammals, and it was based on observed 
effects in experimental studies on seals, otters, and mink (Kannan et al., 2000). 
These endpoints (responses to a hazard) were for sublethal effects, causing mor-
bidity, i.e., impairing the health of the animal through disruption of thyroid 
hormones, suppression of natural killer cell activity, etc. Higher-level exposure 
to certain PCBs may result in more severe immunosuppression, increasing risks 
of opportunistic infections that may ultimately lead to death (Hall et al., 2006a). 
Other studies that have applied this threshold to cetacean species noted that 
caution was warranted due to differing sensitivities among species; however, it 
did provide a benchmark for which to assess if PCB exposure was biologically 
significant (Hickie et al., 2007; Jepson et al., 2005, 2016; Murphy et al., 2015). 
It should be noted that threshold levels for adverse health effects during critical 
periods in development would be lower than those proposed for adults (Borrell 
and Aguilar, 2005), and Hall et al. (2006b) estimated a threshold of 10 mg/kg for 
calf survival in bottlenose dolphins from Sarasota Bay.

CASES OF REPRODUCTIVE FAILURE AND DYSFUNCTION 
ASSOCIATED WITH EXPOSURE TO OCs IN CETACEANS

The effects of EDCs may be expressed as infertility, cancer, or other types of 
diseases, and if EDCs interfere during critical periods of development, these 
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effects may not be observed until later in life (Bergman et al., 2013). Proposed 
reproductive toxicity endpoints for EDCs in animals and humans include spon-
taneous abortions, early puberty, disorders of lactation and ovulation, including 
polycystic ovarian syndrome and premature ovarian failure, ovarian and mam-
mary gland tumors, and other reproductive tract disorders/diseases including 
endometriosis and uterine fibroids, as well as leiomyomas and vaginal adeno-
carcinomas (reviewed in Diamanti-Kandarakis et al., 2009).

Within marine mammals, few cases of reproductive failure and dysfunction 
have been associated with exposure to OCs, and even fewer in cetaceans. This is 
primarily due to confounding factors and difficulties in identifying the mecha-
nism or mode of action for specific pollutants. For those cases of reproductive 
failure and reproductive dysfunction that have been documented, the etiologies 
of the observed conditions have usually been uncertain (Reijnders, 2003). In 
cetaceans, observed cases of reproductive failure that have been associated with 
high exposure to OCs include fetal and/or newborn mortality in harbor por-
poises (Murphy et al., 2015) and increased firstborn calf mortality (stillbirths 
or neonate mortality) in bottlenose dolphins, where PCB-related risk of repro-
ductive failure in primiparous females ranged from 60% to 79% among three 
populations (Schwacke et al., 2002; Wells et al., 2005). Evidence of reproduc-
tive abnormalities and disorders associated with exposure to OCs include the 
presence of ovarian luteinized cysts in striped dolphins (Munson et al., 1998) 
and the development of cancer of the reproductive system and hermaphroditism 
in beluga whales (Delphinapterus leucas) (Béland et al., 1993; De Guise et al., 
1994a; Martineau et al., 2002).

Beluga whales inhabiting the St. Lawrence Estuary in Canada are one of 
the most heavily contaminated cetacean populations worldwide, exposed to a 
variety of chemicals, including PCBs and DDT, as well as polycyclic aromatic 
hydrocarbons (PAHs) (Martineau, 2012). This threatened (COSEWIC status 
2004) population has the highest prevalence of cancer in cetaceans, and it is 
the second leading cause of death with tumors (primarily of the digestive tract) 
identified in 27% of sampled adult whales (Martineau et al., 2002; McAloose 
and Newton, 2009). Putative causes include environmental exposure to car-
cinogenic substances and/or reduced immune function due to limited genetic 
diversity (Martineau et al., 2002; Newman and Smith, 2006). Evidence of repro-
ductive disease in females between 1983 and 1999 included three cases of ovar-
ian tumors (see Table 1.1), and adenocarcinomas were observed in mammary 
gland tissue of a further three individuals and the uterus of another (Martineau 
et al., 2002). Two hermaphrodite cases were documented out of 94 animals 
examined. These include an atypical bilateral true hermaphrodite, which was 
attributed to hormonal disturbance in early pregnancy (De Guise et al., 1994a), 
and a male pseudohermaphrodite (Reijnders, 2003). A follicular cyst was found 
on the left ovary of the true hermaphrodite measuring 6 cm × 6 cm × 5 cm (De 
Guise et al., 1995). Cases of adrenal and thyroid proliferative and degenerative 
lesions (adenomatous hyperplasia and follicular cysts) were observed (reviewed 
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in Martineau, 2012), as well as incidences of mastitis (De Guise et al., 1995). 
Evidence of reproductive failure was also apparent in the population, as the pro-
portions of calves and juveniles were lower than less polluted populations off 
Alaska (Martineau et al., 1987). Compromised milk production (inflammatory 
change and cancer) was reported in 41% of stranded females (Martineau et al., 
1994), which may have impacted fecundity rates. For all cases of reproductive 

TABLE 1.1 Individual Cases of Ovarian Neoplasms in Cetaceans

Ovarian 
Neoplasms

Cetacean 
Species Location Reference

Dysgerminoma 
(germ cell tumor)

Dusky dolphin Peru Van Bressem et al. (2000)

Dysgerminomaa Beluga Whale St. Lawrence 
Estuary

De Guise et al. (1994b) 
and Martineau et al. 
(2002)

Granulosa cell 
tumor (sex cord-
stromal tumor)

Harbor 
porpoise

German 
North Sea

Seibel et al. (2012)

Granulosa cell 
tumors

Beluga whale St. Lawrence 
Estuary

Martineau et al. (1988)

Granulosa cell 
tumor

Beluga whale St. Lawrence 
Estuary

De Guise et al. (1994b)

Granulosa cell 
tumor

Pilot whale Japan Benirschke and Marsh 
(1984)

Granulosa cell 
tumor

Fin whale Antarctica Geraci et al. (1987) and 
Rewell and Willis (1950)

Granulosa cell 
tumor

Fin whale Antarctica,  
S. Georgia

Geraci et al. (1987) and 
Rewell and Willis (1950)

Granulosa cell 
tumor

Blue whale Antarctica,  
S. Georgia

Geraci et al. (1987) and 
Rewell and Willis (1950)

Ovarian 
carcinoma 
(granulosa cell 
tumor?b)

Fin whale* Antarctica Geraci et al. (1987) and 
Stolk (1950)

Mucinous 
cystadenoma 
(epithelial tumor)

Blue whale Antarctic Geraci et al. (1987) and 
Rewell and Willis (1950)

aOriginally classified as a granulosa cell tumor and reclassified as a dysgerminoma by Martineau 
et al. (2002).
bReclassified as a (possible) granulosa cell tumor in Geraci et al. (1987).
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failure and dysfunction, a contaminant-based etiology was proposed (Martineau, 
2012; Martineau et al., 2002), although the mechanisms of action were not 
established. PAHs more so than PCBs may have been involved in the etiology 
of cancer in the observed cases (Martineau et al., 2002).

Multiple luteinized cysts were observed on the ovaries of four striped dol-
phins (out of 56 examined) that died during a morbillivirus epizootic (Munson 
et al., 1998). A mass die-off of more than 1000 striped dolphins occurred in the 
Mediterranean Sea between 1990 and 1992, and it was suggested that PCBs and 
other OC pollutants with the potential for immunosuppressive effects may have 
triggered the event, or enhanced its spread and lethality (Aguilar and Borrell, 
1994). It is not known if the presence of ovarian luteinized cysts and lower 
fecundity, demonstrated by a high number of abortions, were caused by high 
PCB levels, the morbillivirus infection, or a combination of the two (Munson 
et al., 1998). Luteinized cysts occur when ovulation is impeded and were poten-
tially caused by the effects of PCBs or morbillivirus on hypothalamic/pituitary 
function, or PCBs on ovarian responsiveness (Munson et al., 1998).

The Northeast Atlantic harbor porpoise population exhibits a lower preg-
nancy rate and longer calving interval than other conspecific populations, which 
could be resulting from PCB-mediated effects (Murphy et al., 2015). A decline 
in blubber ΣPCBs concentrations was observed in UK porpoises in the mid-
1990s; however, this plateaued after 1998 (Jepson et al., 2016; Law et al., 2012), 
whereas levels of blubber ∑DDT showed a significant decline from the early 
1990s onward, reflecting a lack of fresh input into the marine environment of 
this agricultural pesticide (Law et al., 2012). Murphy et al. (2015) assessed for 
evidence of reproductive failure and reproductive dysfunction in the population 
using samples and data collected over a 22-year period and from 329 female UK 
stranded porpoises. Twenty-five of 127 (19.7%) mature females showed direct 
observations of reproductive failure including fetal death, spontaneous abortion, 
dystocia, and stillbirth. Further, 16.5% (21 of 127) of mature females had infec-
tions of the reproductive tract or tumors of reproductive tract tissues that could 
contribute to reproductive failure. These included malignant tumors such as 
cervix squamous cell carcinoma, benign tumors such as leiomyoma, papilloma-
like lesions and vaginal plaques, endometritis, and other infections and inflam-
mations of the reproductive tract, some of which were previously reported 
as toxicity endpoints in animals and humans (Caserta et al., 2008; Diamanti-
Kandarakis et al., 2009; Herbst et al., 1971; Murphy et al., 2015; Padmanabhan 
et al., 2010; Steinberg et al., 2008). Difficulties arose in showing casual asso-
ciations between cases of reproductive dysfunction and ΣPCBs concentration 
due to the female’s capability in offloading lipophilic pollutants (Murphy et al., 
2015). However, 47% of females had ∑PCB concentrations above Kannan’s 
threshold for the onset of adverse health effects, which included 52% of sexu-
ally immature and 53% of resting (not pregnant or lactating) mature individu-
als. Resting females were more likely to have higher ΣPCB burdens than other 
maturity groups (apart from sexually immature individuals), and where data 
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were available, these nonoffloading females were previously gravid, which sug-
gests fetal or newborn mortality (Murphy et al., 2015).

Above all, these studies on cetaceans have not shown a cause-effect relation-
ship related to a particular mechanism, nor a causal relationship between an 
observed disorder and exposure to certain OCs (Reijnders, 2003). A semifield 
experimental study on harbor seals (Phoca vitulina) did show a possible mecha-
nism for reproductive failure following exposure to PCBs. Between the 1950s 
and 1970s, average pup production declined by c. 30% in harbor seals inhabit-
ing the Dutch Wadden Sea, and PCB concentrations were significantly higher 
(by five to seven times) than contiguous populations (Reijnders, 1980). In an 
experimental setup, seals fed fish from the Wadden Sea showed a decreased 
reproductive rate (by 50%), and lower levels of oestradiol-17β around the time 
of implantation, compared to a control group (Reijnders, 1986). Mean PCB lev-
els in the control group ranged from 5 to 11 mg/kg lw, compared to 25–27 mg/
kg lw in seals fed contaminated fish (Pierce et al., 2008). Lower levels of estra-
diol could have impaired endometrial receptivity and prevented successful 
implantation of the blastocyst, and it was proposed that enhanced OC-induced 
CYP enzyme activity may have lowered circulating estradiol (Reijnders, 2003). 
Exposure to PCBs has also been linked to the development of genital cancer in 
California sea lions (Zalophus californianus). A metastatic genital carcinoma 
was reported in 18% (66 of 370 individuals) of stranded sexually mature indi-
viduals between 1979 and 1994 (Gulland et al., 1996; Lipscomb et al., 2000). 
The cause of urogenital carcinoma in the species is multifactorial, and pos-
sible potential causal factors include an otarine herpesvirus-1 (Buckles et al., 
2006; King et al., 2002) and infection with β-haemolytic streptococci (Johnson 
et al., 2006), and it has been proposed that there is a genetic basis as a result 
of inbreeding depression (Browning et al., 2017). Exposure to pollutants may 
be an additional factor, as a higher mean concentration of OCs was reported 
in blubber tissue of females with genital carcinoma relative to those without 
genital carcinoma (>85% and 30% higher in relation to PCBs and DDT, respec-
tively; Ylitalo et al., 2005). This demonstrates an association between OCs and 
carcinoma, through possibly affecting the prevalence of carcinomas by acting 
as immunosuppressive agents or by genotoxic mutation and tumor promotion 
(Ylitalo et al., 2005). A follow-up study suggested that OCs interact with ste-
roid hormone receptors in the intraepithelial lesions and that alternations in the 
expression of p53 may also play a role (Browning et al., 2017; Colegrove et al., 
2009).

CASE STUDY OF SHORT-BEAKED COMMON DOLPHIN IN THE 
NORTHEAST ATLANTIC

Within the Northeast Atlantic, a large proportion of necropsied short-beaked com-
mon dolphins presented with blubber PCB burdens exceeding Kannan’s thresh-
old level for the onset of adverse physiologic health effects (Murphy et al., 2010).  
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Similar to harbor porpoises in the region, the short-beaked common dolphin 
Northeast Atlantic population exhibits a lower pregnancy rate and longer calv-
ing interval than other conspecific populations, which could be resulting from 
PCB-mediated effects (Murphy et al., 2009, 2010).

Short-beaked common dolphins are widespread in the Northeast Atlantic, 
ranging from waters off Norway to Africa. One population has been reported 
to exist ranging at least from Scotland to Portugal, with a separate population 
in the Mediterranean Sea (Mirimin et al., 2009a,b; Murphy et al., 2009, 2013; 
Natoli et al., 2008). Common dolphins have been observed out to the Mid-
Atlantic Ridge, but due to a lack of genetic sampling in offshore waters, the 
range of the Northeast Atlantic population is unknown (Murphy et al., 2013). 
The most recent abundance estimate from SCANS III suggests at least 467,673 
dolphins (CV = 0.26) in continental shelf and adjacent waters (Hammond et al., 
2017). Female common dolphins in the population attain sexual maturity at an 
average length of 188.8 cm and an average age of 8.2 years, with a maximum 
age of 30 years and a low annual pregnancy rate of 26% reported (Murphy et al., 
2009, 2010).

Previous research assessing reproductive effects from exposure to POPs in 
the region reported that individual feeding history (proxied by blubber fatty 
acid profiles) was the most important variable explaining individual POP pro-
files (Pierce et al., 2008). This former EU Fifth Framework funded study called 
BIOCET analyzed samples collected from stranded and bycaught common 
dolphins in Irish, Scottish, French, and (Galician) Spanish waters during the 
period 2001–03. Common dolphins sampled in both French and northwestern 
Spanish waters had significantly higher PCB concentrations than Irish animals; 
however, the Galician common dolphin pollutant sample was mainly composed 
of sexually immature females that had not offloaded their pollutant burdens 
(>65%). Within the whole mature sample, incidences of pregnancy in individu-
als was negatively related to blubber PCB and polybrominated diphenyl ether 
concentrations, which may suggest that higher POP concentrations were inhib-
iting successful reproduction, though infertility due to other causes may have 
caused higher POP levels to bioaccumulate (Pierce et al., 2008).

Further analysis of BIOCET data revealed that ovarian corpora number (cor-
pus luteum and albicans) significantly increased with PCB burdens in sexu-
ally mature D. delphis (Murphy et al., 2010). Approximately 83% of female 
common dolphins with PCB concentrations exceeding Kannan’s threshold level 
for the onset of adverse physiologic health effects were resting mature indi-
viduals with high numbers of ovarian corpora. This suggests that due to high 
contaminant burdens, females were unable to successfully reproduce (offload) 
and thus continued ovulating; or some females were not reproducing for other 
reasons, either physical or social, and therefore accumulated higher levels of 
PCBs (Murphy et al., 2010). Within the BIOCET sample, 92% of sexually 
mature (all but two were resting) female common dolphins with PCB burdens 
above Kannan’s threshold level and corresponding high corpora counts (≥15 
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scars) were obtained from a mass live stranding event of a nursery group at 
Pleubian, France, in February 2002. Genetic analysis of this nursery group did 
not reveal evidence for a matriarchal system, as a lack of genetic relatedness 
among mature individuals was reported (Viricel et al., 2008). The existence 
of nonreproductive females (based on high contaminant loads and high num-
bers of ovulations) within this nonmatriarchal female nursery group is remark-
able; though, it should be noted that only 52 of the whole mass-stranded group 
was sampled for genetic analysis, and approximately 50 other individuals were 
released alive offshore (Viricel et al., 2008).

For animals that stranded as part of the Pleubian mass stranding event, there 
are no available data pertaining to assessments of previous gravidity or general 
health status. The possibility of either social or pollutant suppression of repro-
duction in common dolphins was investigated further using a control group 
composed of stranded and bycaught individuals collected in English and Welsh 
waters (Murphy et al., 2010). The control group was composed of “healthy” 
common dolphins, and in contrast to the BIOCET, common dolphin data results 
revealed a negative relationship between PCBs and DDT concentrations and 
increasing corpora number. This suggests that some “healthy” females may go 
through a large number of (infertile) ovulations prior to a successful pregnancy, 
birth, and survival of their firstborn offspring during early lactation, when 
females offload the majority of their OC burden (Murphy et al., 2010).

The current case study aims to further examine the effects of pollutants such 
as PCBs on reproduction in common dolphins in the Northeast Atlantic using 
stranded and bycaught animals sampled in English and Welsh waters. Evidence 
of reproductive failure and reproductive dysfunction, such as abnormalities and 
disorders, will be assessed, and their association with exposure to PCBs will be 
investigated.

Study Design

Stranded and bycaught common dolphins were collected and necrop-
sied between 1990 and 2013 by the UK Cetacean Strandings Investigation 
Programme (CSIP). All animals were in fresh-to-moderate decomposition on 
necropsy. Cause of death (COD) was determined by specific diagnostic crite-
ria (see Deaville and Jepson, 2011; Jepson et al., 2005), and individuals were 
categorized into three COD groups: infectious disease, trauma (bycatch, boat/
ship strike, bottlenose dolphin attacks, and dystocia), and others (live stranding, 
starvation, neoplasia, and not established) (after Murphy et al., 2015). Age was 
determined by counting growth layer groups in the dentine of teeth samples 
(after Murphy et al., 2014).

Fixed ovarian samples were assessed externally for the presence of ovar-
ian corpora then hand-sectioned into 0.5–2 mm slices and examined internally 
under a binocular microscope for the presence of additional corpora scars. Total 
numbers of corpora (number of ovulations) were counted, which was used as an 
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index of reproductive activity (after Murphy et al., 2010). Females were classi-
fied as sexually mature if one or more ovarian corpora (corpus luteum or albi-
cans) were present. Pregnancy was established by the presence of an embryo/
fetus and an active (nonregressing) corpus luteum, confirmed by histological 
assessment. Mammary glands were examined for evidence of lactation via gross 
examination and, in some individuals, histological assessment of mammary 
gland tissue. Females were classified into five reproductive states: (1) sexually 
immature, (2) pregnant (fetus present), (3) pregnant and lactating, (4) sexually 
mature and lactating, and (5) resting mature (not pregnant or lactating) (after 
Murphy et al., 2010).

The reproductive tracts were assessed for abnormalities and evidence of ste-
rility and infertility, including tumors, uterine stenosis, occlusions and leiomyo-
mas, endometriosis, and vaginal calculi. Ovaries were examined for ovarian 
cysts and tumors through gross and histopathological assessment. The sample 
was also assessed for evidence of hermaphroditism and other disorders of geni-
tal development. Ovarian lesions and other abnormalities were measured, and 
shape, color, texture, and position were recorded. Assessment of previous gra-
vidity in mature females and cases of reproductive failure (including fetal death, 
dystocia and stillborn, recently aborted and aborted, and her calf did not sur-
vive) followed classifications outlined in Murphy et al. (2015). Incidences of 
disease and infection of the reproductive system were confirmed by bacteriol-
ogy, virology, and histopathology assessments.

Dorsal blubber samples were analyzed by the Centre for Environment, 
Fisheries, and Aquaculture Science Laboratory for quantification of hexane 
extractable lipid and wet weight concentrations of 25 individual chlorobiphenyls, 
and the sum of the concentrations of these chlorobiphenyl congeners (ΣPCB 
mg/kg lw) was determined (see Jepson et al., 2016; Law et al., 2012; Murphy 
et al., 2015 for further information). Two toxicity thresholds were applied to 
the pollutant data, after Jepson et al. (2016). Toxicity threshold concentration 
was 9 mg/kg lw (as ΣPCB; determined by Jepson et al., 2016) for the onset of 
physiologic (immunological and reproductive) endpoints in marine mammals 
(Kannan et al., 2000), and one of the highest PCB toxicity thresholds reported 
in marine mammal toxicology studies, 41 mg/kg lw (determined for ΣPCB by 
Jepson et al., 2016 and based on 77 mg/kg for Clophen 50), was associated with 
profound reproductive impairment in Baltic ringed seals (Pusa hispida) (Helle 
et al., 1976). A high prevalence of reproductive tract lesions were observed in 
Baltic seals, including both ringed and grey seals (Halichoerus grypus), dur-
ing the 1970s and 1980s. These lesions included occlusions and stenosis of the 
uterine horns (42% of grey seals) and benign uterine leiomyomas (53% of grey 
seals >4 years) (Bergman, 1999; Bredhult et al., 2008; Helle et al., 1976), which 
rendered females partially or completely sterile for life (Reijnders, 2003). As 
some females retained fetal membranes aligned to stenosed sections of the uter-
ine horns, obtrusions may have developed as a result of PCB (or PCB metabo-
lites) induced abortions, or fetal death (Bergman, 2007; Bergman and Olsson, 
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1985; Helle et al., 1976), and in some seals presenting with obtrusions, puru-
lent endometriosis was also reported (Bergman, 2007). However, unequivocal 
evidence for a cause-effect relationship was not provided (Reijnders, 2003). 
Follow-up work using an exposure index indicated that PCBs, more than DDT, 
were associated with the increased incidence of uterine leiomyomas in Baltic 
grey seals (Bredhult et al., 2008).

Incidences of Reproductive Abnormalities and Disorders in 
Common Dolphins

A sample of 107 female common dolphins that stranded along the English and 
Welsh coastlines were assessed for evidence of reproductive failure and dys-
function. Samples included those from animals that died during a mass live 
stranding event that occurred in the southwest of the United Kingdom in 2008 
(n = 13 females; Jepson et al. 2013) and a control group of “healthy” female 
D. delphis (n = 43) collected between 1992 and 2004 along the southwest of 
the United Kingdom (previously assessed by Murphy et al., 2010). The control 
group was composed of stranded females whose COD was attributed to inciden-
tal capture in fishing gear. Routine general health status assessments revealed 
that individuals were not suffering from any infectious or noninfectious diseases 
that might inhibit reproduction (Murphy et al., 2010). The remaining dolphins 
stranded between 1990 and 2013 (n = 51) had causes of death that were attrib-
uted to trauma (n = 17), infectious disease (n = 2), other (n = 26), or were not 
established (n = 6).

Of the 107 animals, 44 were sexually immature and 63 were sexually mature. 
No incidences of uterine stenosis, occlusions, or leiomyomas were observed 
within the common dolphin sample (reproductive toxicologic endpoints previ-
ously reported in Baltic seals) (Bergman, 1999; Helle et al., 1976). However, 18 
proposed cases (16.8% of the whole sample) of reproductive system pathologies 
were identified. Six females presented within vaginal calculi (5.6%), six females 
exhibited suspected precocious mammary gland development (5.6%), and there 
were three possible cases of ovarian tumors (2.8%) (see Table 1.2). The three 
cases of ovarian neoplasms include a possibly fibroma, a well- differentiated 
granulosa cell tumor, and a rare case of either a mesothelioma or Schwannoma 
tumor. In addition to the preceding, females presented with an ovarian cyst, 
atrophic ovaries, and the first reported case of an ovotestis in a cetacean species. 
In the majority of cases of reproductive dysfunction, available blubber ΣPCB 
data were above the toxicity threshold concentration of 9 mg/kg lw (Table 1.2). 
The only other study assessing evidence of disease and lesions of the repro-
ductive tract in common dolphins was undertaken on the long-beaked common 
dolphin (D. capensis) in the southeast Pacific. Within a sample of 24 bycaught 
females (14 mature and 10 immature), one case of reproductive dysfunction was 
observed, which was a case of ovarian cysts (a prevalence of 4.2% of the whole 
sample; Van Bressem et al., 2006).
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TABLE 1.2 Abnormalities and Dysfunction of the Reproductive System in 107 UK Female D. delphis Sampled Between 1990 
and 2013

Abnormality Code COD
Body 
Length (cm)

Age 
(year)

Maturity 
Status

Corpora 
Scar No.

Previously 
Gravid ΣPCB lw

Reproductive Tract

Vaginal calculi SW1993/43 BY 195 7 Immature 0 No 27.5

Vaginal calculi SW1995/4 NE 207 >7 Resting mature 13 NA NA

Vaginal calculi SW1996/98 NE 201 >18 Resting mature 
and lactating

23 Yes NA

Vaginal calculi SW2004/131 BY 205 >10 Resting mature c.34 Yes 41.1

Vaginal calculi SW2004/336 LS 196 25.5 Resting mature 19 Yes NA

Vaginal calculi SW2005/65 LS 196 >10 Resting mature 21 Yes 49.5

Suspected precocious 
mammary gland 
development

SW1994/160 BY 177 Immature 0 No 39.2

Suspected precocious 
mammary gland 
development

SW2008/94.3 LS 163 3 Immature 0 No 17.6

Suspected precocious 
mammary gland 
development

SW2008/94.4 LS 185 5 Immature 0 No 19.4
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Precocious mammary 
gland development

SW2008/94.15 LS 169 7 Immature 0 No 5.72

Precocious mammary 
gland development

SW2011/562 LS 183 NA Immature 0 No 14.7

Suspected precocious 
mammary gland 
development

SW2013/594 LS? 143 1 Immature 0 No 13.44

Ovary

Possible granulosa 
cell tumor

SW1994/24 NE 174 2 Immature 0 No 22.6

Possible fibroma SW1994/147 BY 192 c. 14 Resting mature 12 Yes NA

Mesothelioma or 
Schwannoma tumor

SW1998/148 LS 209 24 Resting mature 26 Yes 48.5

Ovarian cyst SW2005/2 LS 195 19 Resting mature 27 Yes 26.1

Ovotestis SW2006/298a NE 191 6 Immature 0 No NA

Atrophic ovaries SW2008/94.11 LS 206 18 Immature 0 No 45.4

BY, bycatch; COD, cause of death; LS, live stranding; NA, not available; NE, not established.
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Cases of ovarian neoplasms in cetaceans are infrequently reported, with 
the majority being granulosa cell tumors, the archetypal feminizing sex cord-
stromal tumor with cells resembling those of follicular granulosa or luteinized 
variants (Russell et al., 2009) (see Table 1.1). Other cases of reported ceta-
cean ovarian neoplasms include a dysgerminoma and a mucinous cystadenoma, 
originating from germ and epithelial cells, respectively. In the current study, 
a possible ovarian fibroma, benign sex cord-stromal tumor, was observed in 
SW1994/147. The tumor measured 20 mm × 25 mm and consisted of reddish/
black tissue resembling splenic tissue in gross appearance. The ovoid mass was 
attached to the hilus of the right ovary by a band of mesothelial connective tis-
sue. Fibrous stroma, comprising the core of the mass, was moderately vascular 
and composed of spindle-shaped or more ovoid and irregular fibroblastic cells 
frequently orientated at random. These cells were densely packed toward the 
periphery of the mass and more loosely arranged centrally. Tissue autolysis and 
poor staining made final diagnosis uncertain. The individual in question was a 
bycaught 14-year-old resting mature female in moderate nutritional condition.

SW1994/24, a 2-year-old female common dolphin, presented with a well-
differentiated granulosa cell tumor in one ovary. The ovarian stroma had many 
primary follicles and a few secondary follicles, and it contained a vaguely wedge-
shaped zone of tissue opposite the hilus that showed irregular tubule-like structures 
lined with a single layer of polygonal to columnar cells (Murphy et al., 2018b). 
The tumor was unilateral, as a transverse cross-section of the contralateral ovary 
revealed only normal follicular development within the ovarian stroma. A third 
ovarian neoplasm was reported in SW1998/148, a resting mature female that live 
stranded in moderate nutritional condition. The ethology of the observed tumor 
on the left ovary remains ambiguous due to few typical histological features and 
atypical immunostaining patterns, which are common for very poorly differenti-
ated tumors (Murphy et al., 2018b). Results from histological examination and the 
presence of psammoma bodies indicates either a mesothelioma or Schwannoma 
tumor, though other tumors types were not ruled out (Murphy et al., 2018b).

The first reported case of an ovotestis in a cetacean species was observed 
within the sample. A 6-year-old sexually immature female (external phenotype 
and female reproductive tract) common dolphin (SW2006/298a) that was found 
stranded on the southwest coast of the United Kingdom was diagnosed as a 
true hermaphrodite (Murphy et al., 2011). The individual in question had one 
ovotestis containing both ovarian follicles and testicular tubular elements and a 
contralateral ovary. Ovarian portions of the ovary appeared normal, demonstrat-
ing follicular development, but the testicular tissue tubular elements observed 
in the medulla (6.8 mm × 5.5 mm) presented with hypoplasia and degeneration 
(Murphy et al., 2011). COD for this female was not fully established due to 
scavenger damage, though incidental capture in fishing gear was not ruled out. 
It is not known if this disorder of genital development was due to abnormalities 
of genetic or chromosomal origin or inappropriate hormone exposure: blubber 
samples were not available for retrospective pollutant analysis.
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A female common dolphin (SW2008/94.11) from the mass live stranding 
event sample presented with atrophic ovaries, with only a few follicles present 
in both ovaries (Fig. 1.2). Although the female was 18 years old, the lack of fol-
licles was not attributed to reproductive senescence, as no ovarian corpora (cor-
pus luteum or albicans) were present. This sexually immature individual was in 
good nutritional condition and health status, though it presented with a ΣPCB 
burden of 45.4 mg/kg, which is greater than the threshold for profound repro-
ductive impairment in Baltic ringed seals. Reproductive senescence is rarely 
observed in cetaceans (Hohn et al., 2007), and not in common dolphins (Murphy 
et al., 2009). Studies on cetaceans have rarely reported a lack of ovarian follicles 
or pathologic changes that would result in senescence (Hohn et al., 2007).

A large, thin-walled fluid-filled cyst was noted on the lateral aspect of the 
left ovary of SW2005/2 (Fig. 1.3). The right ovary exhibited signs of hyposta-
sis with noted congestion, which may be due to the live stranding event. The 
maximum length of the cyst was c. 47 mm, while the maximum length of the 
left ovary was only 43 mm, and ovaries presented with a corpora count of 24. 
This 19-year-old resting mature dolphin was in good nutritional condition, 
though live stranded in the month of January, i.e., outside the mating period. 
Nothing abnormal was detected in the uterus or vagina upon gross assess-
ment. The prevalence of ovarian cysts in the mature sample was 1.7%. Ovarian 
cysts, such as follicular and luteinized cysts (though mainly the former), have 
been reported in the ovaries of the striped dolphin, long-beaked common dol-
phin, dusky dolphin (Lagenorhynchus obscurus), Pacific white-sided dolphin 
(Lagenorhynchus obliquidens), short-finned pilot whale (Globicephala mac-
rorhynchus), and southern minke whale (Balaenoptera bonaerensis), among 
others (Lockyer, 1987; Marsh and Kasuya, 1984; Munson et al., 1998; Robeck 
et al., 2009; Van Bressem et al., 2000). In cattle, deviation of the preovulatory 

FIGURE 1.2 (A and B) Atrophic ovaries in a 17-year-old common dolphin (SW2008/94.11) that 
stranded as part of a mass live stranding event in 2008. Note a lack of follicles in the stroma in 
image (C).
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surge of luteinizing hormone, either the absence or mistiming of the surge, is 
thought to cause follicular cysts (Kennedy and Miller, 1993; McEntee, 1990; 
Van Bressem et al., 2006). Though the cyst observed in the current study was 
not luteinized, luteinized cystic follicles have been known to produce estrogen 
and progesterone (Robeck et al., 2001).

Of the 107 female common dolphins assessed within the current study, six 
presented with vaginal calculi within their reproductive tracts (see Table 1.2). 
These included one sexually immature, four resting mature, and one sexually 
mature and lactating individual. Corpora count numbers ranged from 13 to 34 
in mature individuals presenting with calculi. As common dolphins can pos-
sibly ovulate up to five times within one estrus period and have a reproduc-
tive lifespan of between 10 and 20 years (Murphy, 2004; Murphy et al., 2009, 
2010), this suggests that reproductive dysfunction (large number of ovulations 
without fertilization) may have occurred in some individuals, conceivably due 
to the relative size of the calculi (100–490 g within the same) causing an occlu-
sion of the reproductive tract. Some vaginal calculi in cetaceans are believed 
to represent an incomplete abortion, with retention of part or all of a fetus that 
subsequently crystallized and coalesced (Benirschke et al., 1984; Woodhouse 
and Reinne, 1991). Others are possibly produced by a fetal bone that acted as 
a nidus for calcium phosphate deposition (Benirschke et al., 1984; Woodhouse 
and Reinne, 1991).

SW2004/131, a bycaught resting mature female who presented with a cal-
culi and evidence of previous gravidity, had the highest corpora count within 
the whole sample. This bycaught female was in good nutritional condition and 
health status, though it exhibited adrenal cysts (bilateral). ΣPCB burden in this 

FIGURE 1.3 (A) Lateral fluid-filled ovarian cyst on the left ovary of live stranded common dol-
phin SW2005/2; cyst measured 47 mm in length; (B) cross-section of congested right ovary.
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individual was high at 41.1 mg/kg, suggesting this mature female may never 
have offloaded her pollutant burden via transplacental and lactational transfer. 
In SW1996/98, the anterior vagina contained five highly polished faceted cal-
culi that could be assembled into an egg-shaped mass, and analysis revealed 
they were mainly composed of phosphate salts. Baker (1992) noted a vaginal 
calculus in a UK common dolphin collected prior to 1992, which was also com-
posed of phosphate salts. Within the current study, a sexually immature female 
common dolphin (SW1993/43) bore a calcified body within her vagina. This 
7-year-old bycaught individual was in good nutritional condition, though it had 
a high ΣPCB burden (27.3 mg/kg), and its ovaries were heavily congested. This 
is not the first study to report a vaginal calculus in a sexually immature cetacean. 
Van Bressem et al. (2000) observed a struvite (not calcium phosphate) calculus 
in an immature Peruvian dusky dolphin, and suggested an infectious etiology. 
McFee and Osborne (2004) also reported that a urinary tract infection might 
have been the underlying cause of a struvite (magnesium-ammoniumphosphate 
hexahydrate) calculus observed in the vagina of a sexually immature 4-year-old 
bottlenose dolphin. The presence of struvite calculi (>30) was also reported in a 
1-year-old harbor porpoise, which was attributed to mucosal hyperplasia of the 
distal urogenital tract (Norman et al., 2011).

Six sexually immature females presented with precocious mammary gland 
development, with individuals ranging in age from 1 to 7 years. Interestingly, 
three of these dolphins (SW2008/94.3, SW2008/94.4, SW2008/94.15) mass 
live stranded together in 2008, possibly due to naval activity in the region caus-
ing an acoustic disturbance (Jepson et al., 2013). A small quantity of yellow 
viscous (colostrum-type) milk was present in the mammary glands of all three 
females, and histological examination revealed mature and minimally lactating 
mammary gland tissue in the 7-year-old SW2008/94.15, not assessed in the 
other two dolphins. Premature mammary gland development has been linked 
to (gestational) pollutant exposure in other animals, including precocious mam-
mary gland development in immature female rats (Fenton, 2009; Moon et al., 
2007). Although not all individuals were fully assessed, three cases of mastitis 
were observed in the sample. SW1996/114, a sexually immature female, pre-
sented with mild, multifocal, subacute-chronic mastitis. SW2002/224, another 
immature individual, presented with enlarged mammary glands and purulent 
mastitis arising from an infection near the mammary gland tissue. Finally, mul-
tifocal chronic inflammation of the lactiferous ducts (mastitis) was observed in 
a nonlactating mature common dolphin (SW1999/15).

Effects of Contaminants on Reproduction in Common Dolphins

Within the control group of “healthy” bycaught females, all ovarian corpora 
(lutea and albicantia) were assessed, counted, and where uncertainties existed, 
verified through histological examination, so the reproductive status of some 
females has been updated since Murphy et al. (2010). The sample of 43 
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“healthy” females was composed of 20 immature, 11 resting mature, 1 primipa-
rous pregnant (ovaries contained only one corpus, which was a corpus luteum), 
2 pregnant and lactating, 7 mature and lactating, and 2 nonlactating primiparous 
females that had recently miscarried/aborted. Histological examination of cor-
pora lutea of pregnancy in both females that had recently miscarried/aborted 
showed clear evidence of regression, with a reduction in luteal cells and an 
increase in fibrotic connective tissue. Animals had recently miscarried/aborted 
during what would have been their second trimester based on a mean date of 
conception of the 19th July and a gestation period of 0.99 years for common 
dolphins in the Northeast Atlantic (Murphy et al., 2009).

All sexually immature (nulliparous) females (range 10.5–52.9 mg/kg lw), 
the “primiparous” pregnant female (44.8 mg/kg lw), and the two primiparous 
females that had recently miscarried/aborted (range 19.1–28.3 mg/kg) had blub-
ber ΣPCB concentrations above the threshold level of 9 mg/kg lw for the onset 
of adverse health effects (Fig. 1.4A). Other “healthy” females with ΣPCB bur-
dens above this threshold were resting females. Sexually mature females with 
levels above the 41 mg/kg threshold in the control sample where were either 
resting (n = 3) or pregnant (n = 1), and all three resting females had been previ-
ously gravid; and based on the high PCB burden, these females either aborted or 
their newborn offspring did not survive during early lactation. In common dol-
phins, an assessment of transfer rates of OC compounds was undertaken on one 
mother-calf pair, and it was estimated that 41.48% of total PCBs (and 55.41% 
of total DDT) were offloaded during the first half of lactation, and that complete 
transfer of the OC burden would possibly occur by the end of lactation (Borrell 
and Aguilar, 2005). All nine lactating females (i.e., females who successfully 
reproduced and offloaded) had ΣPCB concentrations ≤10.5 mg/kg, and eight of 
those females presented with concentrations ≤5.8 mg/kg. A negative relation-
ship was observed between ΣPCB concentration and increasing corpora number 
in the control group of “healthy” females (see Fig. 1.4A), which suggests that 
some females may successfully reproduce and offload their pollutant burden 
after many unsuccessful ovulations/miscarriages and/or early calf mortality.

The noncontrol pollutant sample (n = 19) comprised nine sexually immature, 
four resting, five lactating, and one primiparous pregnant female. In contrast to 
the control sample, a positive relationship was observed between ΣPCB concen-
tration and increasing corpora number (see Fig. 1.4B), which were comparable 
results to the earlier BIOCET/Pleubian mass stranding pollutant study. What 
data in the current study suggest, however, is that PCBs may be impacting fetal/
newborn survival, similar to that proposed for UK harbor porpoises (Murphy 
et al., 2015), and high ΣPCB burdens are not due to reproductive suppression of 
nonbreeding females. All four resting females in the noncontrol sample had a 
high number of ovarian corpora scars and ΣPCB concentrations ≥26 mg/kg; and 
of these individuals, three females presented with ΣPCB concentrations ≥41 mg/
kg. Pollutant data suggest that these four resting females had not successfully 
reproduced (offloaded) in the past, though all were previously gravid. Further, 
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all four resting females presented with reproductive system pathologies, includ-
ing an ovarian tumor (n = 1; SW1998/148), ovarian cyst (n = 1; SW2005/2), and 
vaginal calculi (n = 2; SW2004/131, SW2005/65); the calculi observed in these 
mature females may have impeded reproduction. The primiparous pregnant 
female (SW2011/295) was 6 years old and had a ΣPCB pollutant burden of 
22.7 mg/kg lw. She presented with a male fetus measuring 88 cm in length in 
the left uterine horn and a dilated cervix. The female live stranded in the month 
of July, which may have been associated with an attempt to give birth to a full-
term fetus.

Of the 13 females that mass live stranded together in Cornwall in 2008, 
blubber samples from 10 individuals were processed for pollutant analysis. The 
sample comprised five sexually immature and five sexually mature females. 
All five mature females were heavily lactating and presented with low ΣPCB 
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FIGURE 1.4 Blubber Σ25PCBs lipid weight as a function of ovarian corpora number in (A) D. 
delphis control group sample (n = 43 bycaught individuals) and (B) D. delphis noncontrol sample 

(n = 19).
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pollutant burdens (<6 mg/kg lw). Three of the immature females presented with 
suspected precocious mammary gland development and blubber ΣPCB concen-
trations ranging from 5.7 to 19.4 mg/kg. A fourth immature female was 18 years 
in age and presented with atrophic ovaries and a high ΣPCB burden of 45.5 mg/
kg. Thus, 31% of females assessed from this mass stranding event sample pre-
sented with suspected reproductive system pathologies.

PCB and Reproductive Implications for Common Dolphins

16.8% (18 out of 107) of female common dolphins presented with reproductive 
system pathologies. As 40% of the sample was composed of a control group 
of “healthy” bycaught animals, the incidences of abnormalities and disorders 
reported here may be somewhat lower than what is occurring within the wider 
population. Even so, the current study reported a higher incidence of reproduc-
tive system pathologies than observed for other small cetacean species else-
where. One such similar study assessed for evidence of genital diseases in 264 
Peruvian female dusky dolphins. Eleven mature females (4.1% of the whole 
sample) presented with an ovarian tumor, ovarian cysts, and uterine tumors, and 
a further three individuals (1.1% of whole sample) presented with vaginal cal-
culi. A vaginal mass was also observed close to the left ovary in another mature 
female containing the skull of a fetus (Van Bressem et al., 2000). Van Bressem 
et al. (2000) attributed some of their cases of genital disease in dusky dolphins 
to reproductive senescence, as animals were large in size: age data were not 
available for all individuals.

Overall, there have been a relatively low number of reported incidences of 
neoplasms in cetaceans, resulting from either not being assessed due to auto-
lytic changes or other reasons, animals dying without pathologic investigations, 
or individuals dying before attaining an older age, namely when most cancers 
occur (Newman and Smith, 2006). In humans, cancers increase in occurrence 
with age due, in some cases, to cellular changes and damage (DeGregori, 2012). 
The age profile of individuals assessed within the current study ranged from 
neonates to 30 years (n = 77), though 87% were ≤20 years old. Of the female 
common dolphins showing evidence of ovarian lesions, individuals ranged from 
2–24 years in age. However, many pathologies were reported in sexually imma-
ture females, including an ovarian granulosa cell tumor, ovotestis, atrophic ova-
ries, and precious mammary gland development, which suggests inherited and/
or environmental causes.

As noted earlier in the chapter, a recent study on harbor porpoises in UK 
waters reported that at least 16.5% of females assessed had infections of the 
reproductive tract or tumors of reproductive tract tissues (Murphy et al., 2015). 
The number of cases of reproductive system pathologies was only a minimum 
estimate, as the study did not include occurrences of ovarian tumors and other 
ovarian disorders that were under investigation. Apart from ovarian abnormali-
ties and lesions, vaginal calculi, precious mammary gland development, and 
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mastitis, no other infections, diseases, or lesions of the reproductive tract were 
observed in female common dolphins in the current study. Results differing 
somewhat to harbor porpoises in the same region where cases of endometrio-
sis, vaginitis, lesions of the vagina, uterus, and clitoris, as well as malignant 
tumors of the reproductive tract (such as squamous cell carcinoma of the cer-
vix, uterine adenocarcinoma, and metastasizing adenocarcinoma) and benign 
tumors (including clitoral and vaginal papilloma-like lesions, vaginal epithelial 
plaques, and vaginal wall leiomyoma) were observed (Murphy et al., 2015). In 
contrast, lesions of the reproductive system were very rare in female harbor por-
poises sampled from German waters, with one case of suppurative endometritis 
reported (Siebert et al., 2001).

High ΣPCB burdens were not inhibiting ovulation, conception, or implanta-
tion in common dolphins, as (all except one sexually immature [nulliparous] 
female and) the four primiparous females in the control and noncontrol samples 
had ΣPCB levels above the threshold level for the onset of adverse health effects 
(Murphy et al., 2010; current study). PCBs, however, may be impacting fetal 
and newborn survival, as some previously gravid resting females had not suc-
cessfully offloaded their pollutant burdens. After removing the possible effects 
from stressors such as nutritional and immune issues (93% of individuals were 
regarded as “healthy” and were overall in good to moderate nutritional condi-
tion (Murphy et al. (2010)), evidence of reproductive failure was assessed both 
directly (e.g., through observations of fetal death/abortion) and indirectly by 
using individual ΣPCB burdens, after Murphy et al. (2015). Using these data, 
results suggested that reproductive failure could have occurred in approximately 
30% (7 of 23) of mature females sampled in the control study. This was based on 
that fact that all lactating females (control and noncontrol samples) had ΣPCB 
burdens ≤10.5 mg/kg. Thus, resting females with pollutant loads >10.5 mg/kg 
more than likely had not successfully offloaded in the past, and where data were 
available, these females were previously gravid. Additionally, 8.7% of mature 
females in the control study showed evidence of recent miscarriage/abortion 
during their second trimester. The association between higher contaminant bur-
dens in these females and incidence of miscarriage/abortion during the second 
trimester cannot be discounted.
ΣPCB concentrations in previously gravid resting females ranged from 

17.9 to 62.4 mg/kg (n = 9) in both the control and noncontrol samples, and 
six of these females had ΣPCB burdens greater than the 41 mg/kg threshold. 
The presence of vaginal calculi in five resting females may further signify 
reproductive failure, if they result from an incomplete abortion. Elevated 
ΣPCB levels may impact uterine and placental health in cetaceans and, sub-
sequently, fetal health and survival (Hohn et al., 2007; Murphy et al., 2010). 
Further, higher (gestational and lactational) exposure to PCBs in firstborn 
offspring may increase incidences of mortality in those individuals (Wells 
et al., 2005). In mink (Mustela vison), although ovulation, conception, and 
implantation occurred, similar to the current study, PCBs (as Clophen A50) 
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increased fetal mortality through causing pathologic changes in the maternal 
vasculature in the placenta and degenerative changes in the trophoblast and 
fetal vessels (Bäcklin et al., 1997, 1998). A more recent experimental study 
focusing on effects from dietary consumption of Aroclor 1268 (dioxin-like 
PCBs were less prevalent, and it was the most highly chlorinated Aroclor 
manufactured) on mink reported that mean litter size, kit growth, and kit 
survival were the main reproductive and growth endpoints that were affected 
(Folland et al., 2016). As previously documented, female mink continued to 
reproduce, even at higher exposure concentrations to the chemical mixture. 
Whereas in harbor seals, experimental studies have shown that the effects 
from PCB exposure on reproduction occur at the stage of implantation, 
while the follicular, luteal, and postimplantation phases were not affected 
(Reijnders, 2003). Since pinnipeds experience delayed implantation/embry-
onic diapause, they may be more vulnerable than cetaceans at this stage of the 
reproductive cycle (Murphy et al., 2010).

Common dolphins are not as heavily parasitized as harbor porpoises in the 
Northeast Atlantic (Jepson, 2005; Pierce et al., 2008), and they did not show a 
change in nutritional condition during the period 1990–2006 (Murphy et al., 
2009). Harbor porpoises are relatively small cetaceans, and individual health 
status often presents energetic “knife-edge” conditions that can be exacerbated 
by adding further health complications caused by exposure to anthropogenic 
pollutants (Murphy et al., 2015). For example, a significant positive associa-
tion was observed between PCB levels and the number of gastric nematodes 
in UK harbor porpoises with blubber PCB concentrations >25 mg/kg (ΣPCB) 
(Bull et al., 2006). As noted earlier, a high incidence of reproductive failure was 
observed in UK harbor porpoises, with reproductive failure reported to occur in 
39% or more of mature females sampled (calculated based on direct evidence 
such as fetal death and indirectly by using individual PCB burdens). Female 
health status played an important role in reproductive failure, as 86% of cases of 
fetal death/spontaneous abortion were observed in females that died from infec-
tious disease or other causes such as starvation and neoplasia. PCBs may be 
impacting reproduction function indirectly in porpoises through lowering their 
immunity and increasing susceptibility to diseases (Jepson et al., 2005; Murphy 
et al., 2015). Terminations during late gestation can incur severe health and 
reproductive costs, and all reported cases of fetal death/spontaneous abortion 
in UK harbor porpoises occurred after the first semester (Murphy et al., 2015), 
similar to the current study. PCBs have been proposed to impact immune func-
tion in UK harbor porpoises (Jepson et al., 2005), where the average increase in 
risk of infectious disease mortality was 2% for each 1 mg/kg increase in blubber 
PCBs, with a 50% increase in risk occurring around 45 mg/kg lw (Hall et al., 
2006a). Female UK harbor porpoises with higher PCB concentrations died due 
to ill health, as 92% of stranded individuals with ΣPCB concentrations >20 mg/
kg died as a result of infectious disease or “other” causes such as starvation 
(Murphy et al., 2015).



Organochlorines and Reproductive Implication in Cetaceans Chapter | 1 27

When applying the toxicity thresholds to all available ΣPCB data for 
common dolphins in the Northeast Atlantic sampled between 1990 and 2013 
(n = 183), 76% of sexually immature males and females had ΣPCB levels 
above the 9 mg/kg threshold for onset of adverse health effects in marine 
mammals, and 17% had levels greater than one of the highest toxicity thresh-
olds for marine mammals, 41 mg/kg. ΣPCB ranged from 1.1 to 95.9 mg/kg in 
sexually immature individuals. Fifty percent of mature males (five out of ten) 
had blubber ΣPCB concentrations above the 41 mg/kg threshold for profound 
reproductive effects in female seals (Fig. 1.5). Although the sample size for 
mature males was small, mean ΣPCB was 45.8 mg/kg, and concentrations 
ranged from 7.0 to 119.8 mg/kg lw: the highest ΣPCB concentrations were 
observed in a male stranded in 1992. Males were unable to rid themselves 
of their lipophilic pollutant burden and accumulated high PCB concentra-
tions, the effect of which is not fully understood in male cetaceans, as very 
few studies have been undertaken and none on D. delphis. One such study 
reported a negative correlation between testosterone levels and tissue concen-
trations of DDE in Dall’s porpoise (Phocoenoides dalli) (Subramanian et al., 
1987). It has been suggested that EDCs can cause male disorders such as 
reduced semen quality, urogenital tract abnormalities (e.g., cryptorchidism, 
hypospadias, testicular cancer), and altered timing of puberty (reviewed 
in Diamanti-Kandarakis et al., 2009). Observed effects of OCs on male 

FIGURE 1.5 Box plots of male and female common dolphin reproductive status (IM, sexually 
immature; MA, sexually mature) and ΣPCB from stranded and bycaught common dolphins (1990–
2013, n = 183). The dark horizontal line indicates the median, x markers indicate the mean, and 
outliers are highlighted by circles. (Data obtained from Law (1994), Law et al. (2006), Pierce et al. 
(2008), Murphy et al. (2010), Jepson et al. (2013); the current study and Murphy et al. (unpublished 
data))
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rats include decreased spermatogenesis and fertility and delayed puberty 
(Diamanti-Kandarakis et al., 2009).

CONCLUSIONS

A low reproductive rate of 26% was reported for common dolphins in the 
Northeast Atlantic for the period 1990–2006 (Murphy et al., 2009). Significantly 
higher pregnancy rates of 47% and 40.2% were reported in D. delphis inhabit-
ing the Eastern Tropical Pacific and D. capensis off South Africa, respectively 
(Danil and Chivers, 2007; Mendolia, 1989; Murphy et al., 2009). In cetaceans, 
low reproductive rates have been attributed to density-dependent compensa-
tory responses when populations are close to carrying capacity, small popula-
tion size causes inbreeding depression, interference, and resource competition, 
or long-term ecosystem change causes a decline in the prey base, leading to 
nutritional stress, cryptic effects of fishery interactions, such as separation of 
mother and calves or decreased fecundity due to stress effects, disease, marine 
biotoxins, and impacts of endocrine disrupting chemicals/anthropogenic pol-
lutants (Cramer et al., 2008; Geraci and Lounsbury, 2009; Geraci et al., 1999; 
Gerrodette and Forcada, 2005; Murphy et al., 2009, 2015; Reeves et al., 2001). 
For common dolphins in the Northeast Atlantic, exposure to anthropogenic pol-
lutants may be contributing to the low observed reproductive output (Murphy 
et al., 2009, 2010).

This study has reported evidence of reproductive failure and reproductive 
dysfunction in common dolphins inhabiting UK waters, which may be possibly 
linked to exposure to PCBs. Reproductive failure could have occurred in 30% 
or more of mature females in the control sample. Where pollutant data were 
available, all observed cases of reproductive tract pathologies in both control 
and noncontrol samples were reported in females with ΣPCB burdens >22 mg/
kg lw (Table 1.2). However, there could be combined effects from exposure to 
multiple pollutants, including (low doses of) DDT and other legacy and emerg-
ing pollutants, which requires further investigation. One of the main anthropo-
genic threats to the Northeast common dolphin population is incidental capture 
in fishing gear (ICES Advice, 2016; Murphy et al., 2013). If bycatch rates are 
as high as predicted in the region, any suppression of reproduction will limit 
the population’s ability to recover. There has been no evidence of a decline 
in the common dolphin population in the Northeast Atlantic in recent years 
(Hammond et al., 2017). Results from the recent SCANS III aerial and ship-
board surveys undertaken by Hammond et al. suggest large-scale movements 
of animals into continental shelf and adjacent waters—possibly from offshore 
or more southern waters—so more dolphins are now exposed to anthropogenic 
pollutants in western European waters (Murphy et al., 2018a). Mean levels of 
ΣPCB in common dolphins are lower than that those observed in bottlenose 
dolphins, striped dolphins, and killer whales in European waters (Jepson et al., 
2016). However, the effects of exposure to lower doses of EDCs may not be of 
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a magnitude less, particularly when exposure occurs during critical periods of 
development. In humans, observed disorders are more than likely to result from 
chronic exposure to low amounts of mixtures of chemicals, as these can produce 
synergistic and additive effects, which may be coupled with generational epi-
genetic effects (Diamanti-Kandarakis et al., 2009). Consequently, the continued 
exposure to legacy anthropogenic pollutants such as PCBs and new emerging 
pollutants raises concerns about the current and future population-level pollut-
ant effects on Northeast Atlantic common dolphins.
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