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ABSTRACT
For the effective conservation of coastal cetaceans, such as Indian Ocean humpback dolphin, Sousa plumbea, currently listed 
as “Endangered” by the International Union for the Conservation of Nature (IUCN), information on its life history is urgently 
required. To fill this gap, the age of 119 humpback dolphins (74 males and 45 females) incidentally caught in bather protection 
nets (BPN) off the east-coast of South Africa over a 40-year period was determined by counting tooth growth layer groups (GLGs). 
Estimated length at birth using Scott's equation was 111.57 cm for males and 104.33 cm for females. A Gompertz growth curve 
indicated that physical maturity was reached at 268.03 cm in males and 246.12 cm in females, corresponding to 24 and 13 years, 
respectively. Histological analyses of reproductive organs of 45 males and 28 females showed that sexual maturity in males is 
attained at 7.5 years, and 210 cm total body length. In females, sexual maturity occurred around 8 years and a body length of 
220 cm. The ovulation rate was 0.2 per year, indicating a calving interval of approximately 5 years. These results will aid in as-
sessing the status of the South African population of Indian Ocean humpback dolphins.

1   |   Introduction

Sixty percent of coastal cetaceans are currently listed as 
“Threatened” by the International Union for the Conservation 
of Nature (IUCN), including the Indian Ocean humpback dol-
phin, Sousa plumbea (Braulik, Natoli, et  al.  2023; Braulik, 
Taylor, et  al.  2023). An understanding of life history parame-
ters is necessary to assess population dynamics and viability of 
threatened and/or endangered marine mammals and is vitally 
important for adequate and effective conservation (Hawkins 
and Dunleavy 2024). However, gathering life history informa-
tion (e.g., size at birth, maximum length, age at sexual maturity, 
reproductive parameters) and demographic factors (e.g., social 
structure, movement patterns, etc.) for conservation and man-
agement assessments (e.g., conservation management plans 
[CMPs]) from wild animals requires identification and infor-
mation of individual animals, which is inherently challenging 

as these animals are wide-ranging, long-lived, deep diving, fast 
moving and difficult to observe (Mann and Karniski 2017). In 
addition, it requires extended periods of systematic fieldwork, 
ranging from weeks to several years in aquatic environments, 
which is often cost prohibitive and time consuming (Hayes and 
Schradin  2017). Additionally, marine mammals are also diffi-
cult to handle, tag, or capture for evaluation without causing 
severe stress or injury (Norman et al. 2004).

Given these challenges, life history information is lacking for 
many threatened species, and has been assessed predominantly 
on well-studied dolphin populations, which are often resident 
in defined geographic areas. However, data collected through 
long-term field sampling (e.g., reproductive parameters, such as 
calving intervals; Steiner and Bossley 2008) can be augmented 
with post-mortem information from bycaught and/or stranded 
individuals (e.g., reproductive biology, such as age and length 
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at sexual maturity; Calzada et  al.  1996; Chivers et  al.  2016). 
Information obtained through long-term field sampling and 
post-mortem analysis of individuals are complimentary, provid-
ing a more comprehensive picture of a cetacean population to 
estimate survival rates, analyze mortality patterns and evaluate 
pressures on health.

The Indian Ocean humpback dolphin Sousa plumbea (here-
after referred to as “humpback dolphin”) is found in tropical 
and sub-tropical shallow waters throughout the Indian Ocean, 
ranging from South Africa in the west to the Bay of Bengal 
in the east (Braulik, Natoli, et  al.  2023; Collins et  al.  2024). 
Throughout much of its range there is little information avail-
able for the humpback dolphin, and most of what is known 
about the species comes from studies conducted along the South 
African coastline (Elwen et al. 2011; Plön et al. 2015, 2021), in-
cluding information on its diet (Roussouw et  al.  2025; Barros 
and Cockcroft  1999), anatomy (Plön et  al.  2012, 2018), socio-
ecology (Cockcroft  1999; Karczmarski  1999; Karczmarski and 
Cockcroft 1999; Karczmarski, Cockcroft, and McLachlan 1999; 
Karczmarski, Winter, et  al.  1999; Koper and Plön  2016; 
Saayman et  al.  1972; Saayman and Tayler  1979), population 
genetics (Lampert et  al.  2021), abundance estimates (James 
et  al.  2015; Keith et  al.  2002), distribution, habitat use, and 
movements (Atkins et  al.  2004; Bouveroux et  al.  2018; Koper 
et al. 2016; Vermeulen et al. 2018), vulnerability to direct human 
impacts, such as bycatch in shark nets (Atkins et  al.  2013, 
2016; Cockcroft  1990, 1994) and vessel traffic (Karczmarski 
et  al.  1997; Koper et  al.  2016), acoustics (Frainer et  al.  2019), 
and health assessment and pollutant loads (Aznar-Alemany 
et  al.  2019; Cockcroft  1999; Gui et  al.  2016; Lane et  al.  2014). 
Humpback dolphins are observed in a variety of shallow coastal 
environments, such as rocky, coastal reefs, often in close vicinity 
to estuaries and river mouths, and within 250 m to 400 m from 
the shore (Karczmarski et al. 2000; Saayman and Tayler 1979). 
The species is predominantly found in water depths of less 
than 25 m (Atkins et al. 2004; Durham 1994; James et al. 2015; 
Karczmarski et al. 2000; Keith et al. 2013; Melly 2011), making 
them particularly vulnerable to the effects of coastal anthropo-
genic impacts.

In 2014, the South African national Red List Assessment clas-
sified the species as “Endangered” (Plön et al. 2016), while the 
International Union for the Conservation of Nature (IUCN) also 
listed the species as “endangered” globally (Braulik et al. 2015; 
Braulik, Natoli, et al. 2023). An assessment of the South African 
population indicated that there were likely fewer than 500 indi-
viduals left of the South African humpback dolphin population 
(Vermeulen et al. 2018) and declines in site-specific abundance 
estimates have been reported (James et  al.  2015; Vermeulen 
et  al.  2018). In Algoa Bay along the south east coast of South 
Africa, a decrease in the average group size (e.g., from 6 to 7 in-
dividuals to 3 individuals) was recorded, coupled with changes 
in behavior and movement patterns (e.g., an increase in time 
spent traveling, decrease in the time spent foraging; Bouveroux 
et al. 2018, 2019; Koper et al. 2016), likely as a result of increas-
ing anthropogenic threats (Plön et al. 2016, 2021).

Information on age, growth and reproduction have been inves-
tigated in a number of other threatened small cetaceans in an 
effort to inform conservation and management of these species, 

including the “Critically Endangered” vaquita (Phocoena sinus; 
Hohn et  al.  1996), the “Endangered” Hector's dolphin 
(Cephalorhynchus hectori; Slooten  1991), the “Vulnerable” 
Franciscana dolphin (Pontoporia blainvillei; Denuncio et al. 2017; 
Kasuya and Brownell  1979) and the “Critically Endangered” 
Yangtze finless porpoise (Neophocaena phocaenoides asiaori-
entalis; Gao and Zhou  1993; Jefferson et  al.  2002). There is a 
limited amount of life history information for all Sousa species, 
namely, the “Vulnerable” Australian humpback dolphin (S. sa-
hulensis, Hawkins and Dunleavy 2024), the “Vulnerable” Indo-
Pacific humpback dolphin (S. chinensis, Jefferson et  al.  2012; 
Zeng et  al.  2021), the “Critically Endangered” Atlantic hump-
back dolphin (S. teuszii, Collins et al. 2024). To date, little pub-
lished information exists on the life history of S. plumbea (Plön 
et al. 2015) as previous work is largely located in the gray litera-
ture (Cockcroft 2002; Nolte 2014).

As basic life history parameters are required to conduct 
Population Viability Analyses (PVA) and inform assessments of 
population dynamics to advise conservation and management 
actions, the aim of the present study was to provide updated life 
history parameters related to the age, growth and reproduction 
of Indian Ocean humpback dolphins from South Africa using a 
unique dataset of samples from animals incidentally bycaught 
in the bather protection nets (BPN) off the KwaZulu-Natal 
(KZN) coastline. Examining data and samples for 119 individu-
als of this endangered species from the same geographic region 
over a 40-year period contributes important knowledge on life 
history parameters, such as size at birth, maximum length, age 
at sexual maturity and reproductive parameters (such as testis 
length/mass and presence of spermatozoa in males and corpora 
count and calving interval in females) as it is assumed that the 
animals incidentally caught in the nets are representative of the 
wild population (Plön et al. 2015). Such data are not available 
from any other location in the species range, so this information 
will be the first such information generated for the species, and 
is therefore, in the absence of additional site-specific data, appli-
cable throughout the range.

2   |   Methods

2.1   |   Study Area and Sample

The bather protection nets (BPNs) along the KZN coastline 
have been in place since 1952 (Figure  1) and are maintained 
and managed by the KwaZulu-Natal Sharks Board (KZNSB; 
Plön et  al.  2012). The nets are checked every morning during 
weekdays (weather permitting) and animals (e.g., cetaceans, 
sharks, turtles and birds) found alive are released, while re-
cently deceased animals are removed and taken back to the 
laboratory at the KZNSB headquarters for research purposes. 
Dudley  (1997), and Cliff and Dudley  (2011) provide detailed 
information about the BPNs and the shark control programme. 
Under a long-standing agreement between the KZNSB and the 
Port Elizabeth Museum (PEM), detailed biological and morpho-
logical measurements and standard biological samples are taken 
from the deceased animals and accessioned to the Graham Ross 
Marine Mammal Collection at the PEM (Cockcroft 1990; Plön 
et al. 2012). The samples and metadata used for this study were 
obtained from the aforementioned collection.
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Routine necropsies were performed on carcasses by trained staff 
from PEM, South Africa. Basic biological and morphological in-
formation was recorded following Norris (1961), including sex, 
body length (cm) and mass (kg). In addition, standard biological 
samples, including teeth and gonads, were removed and acces-
sioned to the Graham Ross Marine Mammal collection at the 
PEM (Nolte 2014).

For age determination, teeth from 119 humpback dolphins (74 
males and 45 females) collected over a 40-year period (1972–
2012) were analyzed. The testes of 52 males and ovaries of 30 
females, bycaught between 1982 and 2012, were investigated 
to establish reproductive status. Seven male and two female 
reproductive samples were discarded due to poor preserva-
tion, leaving 45 male and 28 female samples (see section 2.4 
for more details). All statistical analyses for the further exam-
inations were conducted in Microsoft Excel 2019 (Microsoft 
Office 365).

2.2   |   Age Determination

A slightly modified version of the methods described by 
Jefferson  (2000) and Myrick et al.  (1983) were followed to ob-
tain longitudinal sections of teeth for age determination. One 
tooth from each individual was selected, taking care to choose 
one with little wear and not curved in more than one plane. To 
reduce decalcification time, tooth samples from larger animals 
were wafered using a Buehler IsoMet low-speed saw fitted with 
a diamond blade to produce a 3–5 mm thick longitudinal section 
through the center of the tooth to include the tip of the tooth and 

the pulp cavity. Teeth were then decalcified in 50 mL of RDO 
(commercial rapid decalcifying agent), with decalcification 
times ranging from 1 to 52 h depending on tooth size and age 
(i.e., older individuals required a longer decalcification period). 
Decalcification was considered complete once the tooth was ade-
quately flexible and slightly translucent (Nolte 2014). Teeth were 
subsequently thoroughly rinsed under running tap water and 
sectioned using a Shandon cryo-microtome to obtain 25–40 μm 
thick sections (de Santos et  al.  2003; Myrick et  al.  1983). The 
tooth sections were then stained with Mayer's hematoxylin 
for 30 min, rinsed and “blued” in a 0.5% ammonia solution for 
2–3 min to enhance the contrast of the stained layers. Following 
the “blueing” process, the sections were rinsed thoroughly be-
fore being immersed in 50% glycerine for 5–10 min (Nolte 2014). 
Sections were then examined under an Olympus SZ61 zoom ste-
reo microscope with transmitted light and the best sections (i.e., 
mid-longitudinal sections with sharply pointed apexes) were 
mounted onto glass slides using DPX (Nolte 2014).

Age estimates were obtained by three independent observers 
by counting growth layer groups (GLG's) following the guide-
lines provided in Perrin and Myrick (1980). Teeth were read 
“blind”, with no reference to biological data, such as body 
length and sex, to avoid any bias (Perrin and Myrick  1980). 
Two independent methods, which involved counting both 
dentinal layers and cemental layers, were employed for per-
forming age estimates (Nolte 2014). Dentinal layers were de-
fined as a collection of incremental growth lines deposited 
in a repeating pattern of varying optical densities, which are 
defined by a change from either light to dark, or intensively 
stained to lightly stained layers, with darker layers making 

FIGURE 1    |    Location of the bather protection nets along the coastline of KwaZulu-Natal, South Africa, shown by the blue line.
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up the boundary of each successive growth layer group (GLG, 
Perrin and Myrick  1980; Nolte  2014), Cemental GLGs, on 
the other hand, were defined by a single opaque and trans-
lucent layer, which together represent a single GLG (Perrin 
and Myrick  1980). Although dentin was the preferred tissue 
for obtaining age estimates, once the pulp cavity becomes oc-
cluded by secondary dentin, the reading of GLGs becomes dif-
ficult, resulting in underestimation of age (Hohn et al. 1996). 
Therefore, cemental GLG counts are the preferred method 
for performing age estimates for older individuals (Hohn 
et al. 1996). Age estimates were obtained using an Olympus 
SZ61 zoom stereo microscope at 12× magnification for den-
tinal GLGs and an Olympus BX50 compound microscope at 
200× magnification for cemental GLGs (Figure 2).

Age estimates from the three observers were combined to yield a 
trimmed mean for each specimen (Reilly et al. 1983; Nolte 2014). 
Age estimations can be made more accurate by combining the 
age estimates of three observers into a trimmed mean for each 

specimen. This approach is especially useful when dealing with 
subjective morphological assessments (Reilly et  al.  1983). In a 
three-observer scenario, the mean value is computed from the 
remaining (middle) value or values after the lowest and high-
est estimations are eliminated (Reilly et al. 1983). For estimates 
with more than 15% difference between observers, teeth were re-
read and estimates discussed until a consensus was reached. If 
the last layer was greater than 50% of the width of the previously 
fully formed layer, it was considered to be one complete GLG. 
If < 50%, it was not considered to be a fully formed GLG and 
was thus not considered for the age estimate. As no GLG calibra-
tion exists for humpback dolphins to date, it was assumed that 
the rate of deposition is equivalent to that of other odontocetes, 
which has been shown to be one GLG deposited per annum 
(Best 1976; Perrin and Myrick 1980; Nolte 2014; Figure 2). As 
such, one GLG is assumed to represent 1 year of an individual's 
life span and is directly associated with age. Therefore, GLGs 
will hereafter be referred to in years when discussing age esti-
mates. A Pearson's correlation test and associated t-score and 
p-value were used to determine the relationship between den-
tinal and cemental layers using a subset of the data (samples 
for which we had both dentinal and cemental counts; n = 71) 
encompassing the entire age range, so that age estimates from 
both methods could be correlated to verify and discern at which 
stage dentinal estimates may become inaccurate (Nolte  2014). 
To visualize the relationship between the dentinal and cemental 
counts, a regression was plotted using the least squares method.

2.3   |   Growth Models

Estimated age to total body length (TBL) and total body mass (TBM, 
see Figure  S1) were fitted to a three-parameter von Bertalanffy 
growth function (VBGF; von Bertalanffy  1941, 1957) as well as 
a Gompertz growth function (GGF; Gompertz 1825) to compare 
results to those for other delphinids. The von Bertalanffy and 
Gompertz growth curves are mathematical models that depict log-
arithmic growth patterns typical of marine mammals. The initial 
rapid growth of young cetaceans, followed by a slowdown as they 
get closer to physical maturity and an asymptotic adult size, can be 
accurately portrayed by these models (Adamczak et al. 2023). The 
main difference is that the von Bertalanffy model has an inflec-
tion point at a lower percentage of the mature size compared to the 
Gompertz model (Teleken et al. 2017). This results in a different 
shape for the early growth phases: von Bertalanffy starts with a 
more linear growth increment, while Gompertz starts with a more 
exponential initial growth increment (Teleken et al. 2017). The von 
Bertalanffy model often provides a better fit for fast-growing, long-
lived species like cetaceans, though both are widely used and can 
appear similar over the range of observed data (Betty et al. 2022).

Growth curves for male and female length and age data were 
plotted separately due to potential sexual dimorphism in 
the species (Cockcroft  2002). Growth curves were plotted in 
Microsoft Excel 2019 (Microsoft Office 365) using the Solver 
function add-in. A theoretical age at birth (t0), growth rate con-
stant (k), asymptotic length (Linf), and the actual estimated age 
(obtained from counting GLGs above) are substituted into both 
the Von Bertalanffy and Gompertz growth equations to produce 
a predicted length at each individual age. Residual errors were 
obtained by calculating the difference between the actual length 

FIGURE 2    |    Longitudinal section of a S. plumbea tooth viewed 
under transmitted light. The bars on the photograph indicate a series 
of successive growth layer groups (GLGs; one GLG represents 1 year; 
Nolte 2014).
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and predicted length of each individual. The residual error val-
ues can be positive or negative, depending on whether the obser-
vations lie above or below the line of best fit. The residual error 
values were squared, and the sum of all the squared residual 
errors (SQ) between all observed data and expected values was 
calculated as follows:

where Lt is the actual length at age (t) and L̂t is the length pre-
dicted at age (t).

The Solver function was then used to minimize the SQ value 
and produce parameter values (t0, k, and Linf) for the growth 
model that best fits the data.

In addition, estimated length at birth was calculated using 
Scott's  (1949) equation. This equation, calculated using 
y = 0.2411x + 44.3, can be used for length at birth in both sexes as 
it describes the relationship between the maximum body length 
of adult animals (represented by x) and the neonatal length (rep-
resented by y; Plön 2004; Nolte 2014).

Finally, a subset of age estimates (n = 50 covering the time pe-
riod July 1972 to August 1989) obtained from an earlier study 
(Cockcroft 2002) was compared with those obtained in the pres-
ent study for the same individuals. A Shapiro-Wilks and Levene's 
test was used to test the dataset for normality and homogeneity of 
variance respectively, followed by either a paired samples t-test for 
parametric data or a Wilcoxon signed-rank test for non-parametric 
data. While the two sets of age estimates were obtained for the 
same 50 individuals in both studies, Cockcroft  (2002) used lon-
gitudinal sections of teeth that had been etched with formic acid 
and examined under polarized light, while the present study used 
decalcified longitudinal tooth sections and subsequently stained 
them with Mayer's haematoxilyn. Furthermore, different observ-
ers read the tooth sections in both studies.

2.4   |   Reproductive Biology

2.4.1   |   Male Reproduction

2.4.1.1   |   Determination of Maturity.  Gonads were 
measured and weighed and initially fixed in 10% formalin 
prior to being transferred to 50% iso-propanol for storage 
(Nolte 2014). To determine the maturity status, standard his-
tological processing techniques were used, which included 
taking approximately 1 cm3 of tissue from the mid-section 
of the testis, dehydrating the tissue in a standard etha-
nol series (30%–100%), and transferring it to a 50% xylene/
ethanol and 100% xylene solution, before embedding it in 
paraffin wax for at least 24 h. The processed tissue was sub-
sequently sectioned into 5–7 μm thick sections using a Leica 
microtome. Sections were stained with Mayer's hematoxylin 
and eosin and mounted onto glass slides using DPX (Kemper 
et  al.  2014; Murphy et  al.  2005; Nolte  2014). A conservative 
approach to determining the different stages of maturity was 
used as the tissue was generally poorly preserved and the dif-
ferent stages of sexual maturity were hard to differentiate, 

especially between pubertal and mature individuals. Individ-
uals were, therefore, classified as either mature or immature 
as evident by the presence or absence of spermatozoa in sem-
iniferous tubules. Each slide was examined for the presence 
of spermatogonia, spermatocytes, and spermatozoa, using a 
BX50 compound microscope, operated at 200–400× magni-
fication. Specimens were classified as immature if the fol-
lowing conditions were met: tubules were circular in cross 
section, contained no lumen, and the seminiferous epithelium 
was comprised of spermatogonia and spermatocytes, with 
abundant interstitial tissue between adjacent tubules (Akin 
et al. 1993; Hohn et al. 1985). Maturity was characterized by 
the presence of large seminiferous tubules, which comprised 
more than three layers of cells of spermatogonia, spermato-
cytes and, most importantly, spermatozoa (Akin et  al.  1993; 
Hohn et al. 1985). In addition, individuals were classified as 
mature if there was little interstitial tissue surrounding adja-
cent seminiferous tubules (Akin et al. 1993).

2.4.1.2   |   Seasonality.  The seasonality of spermatogenesis 
was determined by measuring the seminiferous tubule diame-
ters of 20 randomly selected tubules per specimen, using Olym-
pus analySIS software. In cetaceans, the seminiferous tubule 
structure demonstrates considerable seasonal fluctuations 
associated with spermatogenesis. The tubules change in size 
and the intricacy of their cellular organization, moving from 
a dormant, regressed condition to a very active, detailed state 
during the height of the breeding season (Neimanis et al. 2000; 
Plön and Bernard  2007). Active breeding is, thus, associated 
with an increase in seminiferous tubule diameter, complex 
epithelium structure, high Sertoli and Leydig cell activity 
and an open lumen (Plön and Bernard 2007). The tubule diam-
eter was plotted against the month in which the individual died 
to inform seasonality of spermatogenesis. Seasons were classi-
fied as follows: (a) summer months were December to Febru-
ary, (b) autumn months were March to May, (c) winter months 
were June to August, and (d) spring months were September to 
November. To remove any variability in testis mass, an index 
of testis development was determined (Hohn et al. 1985), which 
defines sexual maturity in terms of unit testis mass (g; exclud-
ing mass of epididymis) per unit of testis length (mm; Hohn 
et al. 1985; Nolte 2014).

Linear regression analysis was used to examine the relation-
ships between (a) the mass of the left and right testis (g), (b) 
the mean seminiferous tubule diameter (μm) and TBL (cm) 
or estimated age (GLGs), and (c) the combined testis mass (g) 
and TBL (cm), estimated age (GLGs), and total body mass (kg). 
All regressions were plotted using the least squares method. 
For all the aforementioned regressions, a Pearson's correla-
tion coefficient (r) was also calculated using the PEARSON() 
function. To determine if the calculated correlation coeffi-
cient was statistically significant, the corresponding t-score 
(t = r√(n − 2)/√(1 − r2)) and p value (T.DIST() function) were 
calculated. A priori significance level of α = 0.05 was used for 
statistical significance.

2.4.1.3   |   Mating System.  The mating system of a species 
is shaped by several factors. A hypothesis regarding a species' 
mating system can be developed by determining the testis mass 
to body mass ratio, presence/absence of sexual dimorphism, 

SQ =

∑

(

Lt− L̂t

)2
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group size, and degree of scarring from intra-sexual fighting 
(Plön and Bernard  2007). Sperm competition, roving males, 
joint harem, harem, serial monogamy, a multi-male mating 
system, and polyandry are examples of the various mating sys-
tems (Plön and Bernard 2007). In the present study, the three 
main elements used to infer mating strategy were testis mass 
to body mass ratio, sexual dimorphism, and group size. The 
testis mass to body mass ratio was only calculated for mature 
individuals and presented as an average percentage (%).

2.4.2   |   Female Reproduction

2.4.2.1   |   Determination of Maturity.  During necropsies, 
both left and right ovaries were routinely weighed to the nearest 
gram and examined macroscopically for the presence and number 
of Graafian follicles, corpora lutea (CL) and/or corpora albicantia 
(CA) by sectioning them serially into approximately 1–2 mm thick 
sections. In addition, the dimensions (length, width, and height) 
of all CLs and the largest CAs were determined with Vernier cal-
ipers to calculate a corpus index (mm3; Cockcroft and Ross 1990). 
Females were considered to be sexually immature if the ovaries 
lacked growing follicles or corpora (Perrin and Donovan 1984), 
pubertal if the female had at least one Graafian follicle (Mur-
phy 2004), and sexually mature if one or more corpora were found 
in one or both ovaries (Perrin and Donovan 1984).

2.4.2.2   |   Ovulation Rate.  Assuming CAs persist indefinitely 
(Perrin and Reilly 1984), estimates of humpback dolphin ovula-
tion rate were determined by fitting a linear regression of the cor-
pora count (both CAs and CLs) against age, length and mass, 
supposing that corpora form at the rate corresponding to the slope 
of the regression (Calzada et al. 1996; Nolte 2014). The least squares 
method was used to plot the regression lines and a Pearson's cor-
relation coefficient (r), the corresponding t-score and p-value, with 
a priori significance level of α = 0.05, were calculated for these 
regressions to determine statistical significance.

2.4.2.3   |   Seasonality.  The corpus index (mm3) was plot-
ted against the month in which the individual died to inform 
seasonality of reproductive activity in S. plumbea females. Sea-
sons (summer, autumn, winter, and spring) were classified into 
the same months as for male seasonality.

3   |   Results

3.1   |   Age and Growth

Using a subset of the data (n = 71), the correlation between the 
dentinal and cemental GLG counts (Figure  3) was found to 
be significant (r (69) = 0.95, p < 0.05), indicating that cemen-
tal age estimates could be used when the pulp cavity becomes 
occluded, and exact readings from dentin layers were not 
possible. The pulp cavity became occluded at about 12 GLGs 
(Nolte 2014; Figure 3), and as a result, counts deviated with 
increasing age due to the progressive closure of the pulp cavity 
(Figure 3). Thus, despite dentinal counts being the preferred 
method for age estimation, cemental counts were generally 
used for individuals older than 12 GLGs when the pulp cavity 
had become occluded.

To characterize the relationship between age and length, von 
Bertalanffy and Gompertz growth functions were fitted to the 
data. For comparison, the main parameters of both functions 
for S. plumbea males and females are provided in Table 1. Both 
functions described the relationships between age and length 
equally well (Figure  4a,b). The predicted length at birth was 
relatively large for both the VBGF (males: Lt0 = 158.06 cm, 
females: Lt0 = 154.54 cm; Figure  4a,b) and the GGF (males: 
160.60 cm, females: 155.62 cm; Figure 4a,b) when compared to 
other similar sized dolphin species. However, these are likely 
overestimates as a result of having no age estimates for animals 
with a TBL less than 140 cm (Table 1). Scott's (1949) equation 
produced a more realistic estimated length at birth for both 
sexes, with males having a neonatal length of 111.57 cm and 
female neonatal length of 104.33 cm, using a maximum body 
length of 279 and 249 cm for males and females, respectively 
(Nolte 2014; Table 1).

Asymptotic length was greater in males than in females for 
both growth functions (Figure  4). With the VBGF, the as-
ymptotic length for males was attained at 270.60 cm and 
24 years (Figure 4a) and at 248.18 cm and 14 years for females 
(Figure  4b), while with the GGF, the asymptotic length for 
males was reached at 268.03 cm and 24 years (Figure 4a) and 
at 246.12 cm and 13 years for females (Figure 4b). Most of the 
growth for males occurred within the first 15 years, while 
for the females, most of the growth occurred within the first 
10 years, slowing thereafter until the asymptote is reached 
for both growth functions (Figure 4). According to the VBGF 
(Table 1), males have a lower growth rate (k = 0.11) than that 
of the females (k = 0.16), with females reaching asymptotic 
length 10 years before males. The GGF showed a similar trend, 
with slightly higher growth rates (males: c = 0.13, females: 
c = 0.20; Table  1) than those calculated using the VBGF. 
Because both growth functions described the relationships be-
tween age and length well and produced similar values for the 
different parameters (Table 1), only the GGF will be used in 
the discussion to compare with other studies on odontocetes, 
including Sousa.

FIGURE 3    |    Correlation between growth layer group counts in the 
dentin and cementum in S. plumbea teeth from KwaZulu-Natal, South 
Africa (n = 71).

 17487692, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

m
s.70181, W

iley O
nline L

ibrary on [24/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense
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TABLE 1    |    Parameters derived from both a Von Bertalanffy and Gompertz growth function for male and female S. plumbea (n = 119).

Parameter

Von Bertalanffy growth function (VBGF) Gompertz growth function (GGF)

Male (n = 74) Female (n = 45) Male (n = 74) Female (n = 45)

t0/b −8.09 −5.93 0.51 0.46

Linf/a 270.60 248.18 268.03 246.12

k/c 0.11 0.16 0.13 0.20

SQ 11,296.07 6944.00 11,555.76 6874.17

Parameters identical for both growth functions

Male Female

R2 0.84 0.80

Lmin 148 150

Lmax 279 249

Lt0
a 111.57 104.33

Note: t0/b = Age corresponding to zero length of the animal. Linf/a = Asymptotic length (cm). k/c = Growth rate constant. SQ = Residual sum of squares. R2 = Statistical 
measure of the goodness of data fit. Lmin = Smallest length in the sample. Lmax = Largest length in the sample.
aLt0 = Estimated length at birth of the animal using Scott's (1949) equation.

FIGURE 4    |    Growth curves for male (a) and female (b) S. plumbea fitted to the three-parameter Von Bertalanffy and Gompertz growth functions 
(n = 74 males and 45 females).
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The males with the smallest mass in the sample (n = 5) weighed 
between 41 and 57 kg, had a length range of 148–167 cm, and were 
estimated to be between 0.5 and 1.5 years old, while the females 
with the smallest mass (n = 5) weighed between 46 and 57 kg, 
measured between 150 and 160 cm, and were estimated to be be-
tween 0.5 and 1.5 years in age. Using this information as well as 
the neonatal length from this study of 111.57 cm for males and 
104.33 cm for females (using Scott's (1949) equation; Table 1), we 
can assume that mass at birth will range between 30 and 40 kg 
for males and between 20 and 30 kg for females. The male with 
the largest mass in the sample, estimated to be 21.5 years, had a 
mass of 289.4 kg and a total body length of 279 cm. In contrast, 
the female with the largest mass was estimated to be 14.7 years, 
measured 248 cm in total body length and weighed 176 kg.

Comparison between results obtained in the present study and 
an earlier study (Cockcroft 2002) for the subset of 50 individu-
als covering the time period July 1972 to August 1989 indicated 
no significant difference between the two sets of age estimates 
(Figure 5). Both datasets were tested for normality and homo-
geneity of variance using a Shapiro–Wilks and Levene's test, 
respectively. The Shapiro–Wilks test indicated that the data 
for both studies are not normally distributed (Cockcroft 2002: 
W(50) = 0.84, p < 0.001; present study: W(50) = 0.84, p < 0.001) 
and that the assumption of homogeneity of variance was not 
met (Cockcroft  2002: F(2, 50) = 2.86, p < 0.01; present study: 
F(2, 50) = 3.13, p < 0.01). Therefore, a Wilcoxon signed-rank test 
was employed, which showed no significant difference in age 
estimates between Cockcroft's  (2002; Mdn = 4.88) study and 
the present study (Mdn = 5.15): z = 1476, p > 0.05, r = 208.74.

3.2   |   Reproductive Biology

3.2.1   |   Male Reproduction

3.2.1.1   |   Determination of Maturity.  Of the 45 sam-
ples available for histological analysis, 26 were classified as 
immature and 19 as mature individuals. The mean seminifer-
ous tubule diameter of immature individuals (see Figure S2) 

ranged from 28.06 to 79.34 μm, and from 64.49 to 160.25 μm 
for mature individuals. Mean seminiferous tubule diame-
ter was significantly correlated (Figure  6) with total body 
length (r (27) = 0.74, p < 0.05) and estimated age (r (20) = 0.83, 
p < 0.05). Tubule diameter increased rapidly at around 220 cm 
TBL (Figure  6a) and 9–10 years (Figure  6b), which likely 
indicates the onset of sexual maturity in male S. plumbea. 
The shortest sexually mature male measured 210.60 cm TBL 
and the youngest mature male was an estimated 7.5 years old 
(Nolte  2014; Table  2). The various reproductive parameters 
for the two maturity stages of male S. plumbea are presented 
in Table 2.

The correlation between the left and right testis mass (g; see 
Figure S3) was found to be significant (r (28) = 0.98, p < 0.05). 
In immature individuals, the weight of the left testis ranged 
from 16.0 to 283.0 g and that of the right testis from 14.0 to 
263.0 g. In mature individuals, left and right testis mass 
ranged from 93.0 to 656.0 g and from 81.0 to 595.0 g, respec-
tively, indicating some overlap between immature and mature 
individuals (Figure S3).

In immature individuals, combined testis mass (g) ranged 
from 30.0 to 546.0 g and mean testis length (cm) from 88.50 to 
107.50 cm, while testis mass in mature individuals ranged from 
174.0 to 1250.0 g and testis length from 200.0 to 280.0 cm, re-
spectively (Table 2). The combined testis mass (g) of S. plumbea 
was significantly correlated with the total body length 
(r (32) = 0.79, p < 0.05; Figure  7a), estimated age (r (21) = 0.93, 
p < 0.05; Figure 7b) and total body mass (r (32) = 0.87, p < 0.05; 
Figure  7c). The combined testis mass increased considerably 
at around 220 cm TBL, 140 kg and 9–10 years (Figure 7), which 
corresponds to the estimated age and total body length at which 
a marked increase in the mean seminiferous tubule diameter 
was recorded (Figure  6), indicating the onset of sexual matu-
rity. The index of testis development ranged from 0.38 to 0.47 for 
immature individuals and from 1.76 to 2.56 for mature individ-
uals. There was some overlap in testis mass between immature 
and mature individuals (Figure 7). However, no statistical tests 
could be conducted due to the small sample size.

FIGURE 5    |    Age estimates obtained by Cockcroft (2002) (black line) and in the present study (gray line) for the same 50 specimens.
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9 of 19Marine Mammal Science, 2026

3.2.1.2   |   Seasonality.  In mature males, the presence 
of spermatozoa was observed in all months of the year, apart 
from June, November, and December (Figure  8a). This is 
probably due to the small sample size and unlikely to be an 
indication of seasonal sperm production (Nolte  2014). Despite 
having no measurements of seminiferous tubule diameter 
for mature males between September (Month 9) and December 
(Month 12; Figure  8b), a comparison of combined testis mass 
(Figure 8a) suggests that there are no distinct seasonal changes 
in sperm production.

3.2.1.3   |   Mating System.  The percentage ratio of combined 
testis mass (kg) to body mass (kg) was calculated for mature 
male individuals (n = 16; Figure  7c), ranging from 0.13% to 
0.70%. The combined testis mass constituted an average of 0.41% 
of total body mass.

3.2.2   |   Female Reproduction

3.2.2.1   |   Determination of Maturity.  Based on the mac-
roscopic examination of the ovaries, 14 of the 28 samples 
available for females were classified as immature, five as 
pubertal and nine as mature. The number of Graafian follicles 
in pubertal animals ranged from one to 28 (Nolte 2014). The 
presence of at least one ovulatory event (i.e., presence of either 

a CL or CA; see Figure  S4) was taken as evidence for sex-
ual maturity. The maximum number of corpora counted in 
the ovaries of mature individuals was five. Division into fur-
ther categories (e.g., pregnant, resting etc.) was not possible 
due to insufficient data. Corpora scars were recorded on both 
ovaries in mature individuals, but more corpora were gener-
ally recorded on one of the ovaries; however, no distinction 
could be made between left and right ovaries and thus domi-
nance of ovarian activity.

The small sample size (n = 28) prevented any statistical analysis 
for calculating the age and length at attainment of sexual ma-
turity (Nolte  2014). Initial signs of first ovulation in pubertal 
individuals, that is, the presence of enlarged Graafian follicles, 
were found in four females, ranging in TBL from 183.5 to 237 cm 
and in body mass between 79 and 150 kg. Age estimates were 
only available for three pubertal females, which ranged from 5 
to 8.7 years (Table 3). The age at attainment of sexual maturity 
was calculated using the age of the youngest mature female, 
with one ovarian scar (8 years old) and the oldest immature 
female without any ovarian scars (7.2 years old; Murphy 2004) 
and thus occurs around 7.6 years (Figure 9a). The heaviest and 
largest immature female weighed 114 kg and 222 cm TBL and 
the lightest and shortest mature female 140 kg and 220 cm TBL 
(Table 3). The estimated body length and mass at attainment 
of sexual maturity in S. plumbea females therefore ranges 

FIGURE 6    |    Mean seminiferous tubule diameter (μm) in relation to (a) total body length (cm) and (b) estimated age (GLGs) of male S. plumbea 
incidentally bycaught in bather protection nets from KwaZulu-Natal, South Africa.

 17487692, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

m
s.70181, W

iley O
nline L

ibrary on [24/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



10 of 19 Marine Mammal Science, 2026

from 114 to 140 kg (Figure  9b), and from 220 to 222 cm TBL 
(Figure 9c). First ovulation occurs between 5 and 8.7 years old 
(Table 3; Nolte 2014).

An increase in combined ovary mass was observed at a TBL of 
about 220 cm (Figure  10a) and 8 years (Figure  10b). However, 
this increase was not as evident with age as it was with TBL 
(Figure 10). The highest combined ovary mass in an immature 
female was around 6 g at a TBL of 197 cm and 3.5 years, while 
the lowest combined ovary mass for a mature female was 10 g at 
157 cm and 13.5 years (Table 3). This suggests that sexual matu-
rity in female S. plumbea occurs between 6 and 10 g of combined 
ovary mass. Combined ovary mass at the pubertal stage ranged 
from 4 to 13 g (Table 3; Nolte 2014).

3.2.2.2   |   Ovulation Rate.  The number of ovarian corpora 
(including both CAs and CLs) ranged from one to five in sexually 
mature females. A regression of all mature females of estimated 
age against total number of corpora described by the regression 
equation: y = 0.15x − 0.30 (where y represents the total number 
of corpora and x the estimated age [GLGs]) yielded an ovulation 
rate of 0.2 per year (Nolte 2014).

3.2.2.3   |   Seasonality.  The findings of the current investi-
gation reveal an absence of a definitive relationship between 
the corpus index and the months of the year, indicating that 
there is no seasonal pattern in the reproductive activities 
of S. plumbea females. Furthermore, data collected from four 
specimens imply that the development of Graafian follicles 
occurs independently of seasonal variations. Unfortunately, 
insufficient data were available to make any inferences on 

the gestation period, pregnancy rate, lactation period, or rest-
ing period in S. plumbea in South African waters (Nolte 2014).

4   |   Discussion

The current study was conducted to assess the life history pa-
rameters of the endangered Indian Ocean humpback dolphins 
(S. plumbea) incidentally bycaught in BPNs over a period of 
40 years off the east coast of South Africa.

4.1   |   Age and Growth

In the present study, a strong correlation between dentinal and 
cemental age estimates was observed until the occlusion of the 
pulp cavity at approximately 12 GLGs, indicating that layers 
in both tissues are formed at the same rate. The age estimates 
using dentinal GLGs can therefore be considered reliable up to 
12 GLGs, while estimates above that may result in an under-
estimation and should be treated with caution (Cockcroft and 
Ross 1990; Gurevich et al. 1980).

The maximum age estimates obtained for S. plumbea in 
this study were 24 years for males and 17.7 years for females 
(Table 4 and Figure 4). These estimates are substantially lower 
than previous estimates provided by Cockcroft  (1989) and 
Cockcroft  (2002), which indicated a longevity more than 40 
and 46 years, respectively, for both males and females. This 
difference may be due to a number of factors, including (a) 
differences in methodology (formic acid etching and viewing 
under polarized light (Cockcroft  2002) versus decalcification 
and staining with Mayers' haematoxilyn (present study)) and 
observers, (b) different time periods between the two studies 
(Cockcroft: n = 118, 1980–1998; present study: n = 119, 1972–
2012) and (c) a skewed sample of immature males and older 
females getting caught in the BPNs. However, data from free-
ranging individuals suggest ages more than 40 years (Shanan 
Atkins, pers. com.), supporting previous maximum age esti-
mates of > 40 years.

Plön et al. (2015) tried to reconcile the different age estimates 
for a subset of 50 individuals which were examined in both 
Cockcroft's  (2002) and in the present study and determined 
that they likely result from a difference in the interpretation 
of cemental GLGs between observers: while 74% of the age 
estimates from dentinal counts between the two studies were 
within 1 GLG of one another, cemental counts varied greatly 
between the two data sets, resulting in significant differ-
ences in the maximum age estimate (Plön et al. 2015). In ad-
dition, we have here analyzed this subset further and found 
no statistically significant differences between the two studies 
(Figure 5). However, while Cockcroft (2002) covered a differ-
ent time period (January 1980 to December 1998) compared 
to the present study which used samples from 1972 to 2012; 
sample sizes were similar between the two studies (n = 118 vs. 
n = 119, respectively).

Unfortunately, without a tooth from an animal with known 
life history (e.g., either raised in captive facilities under human 
care or observed in the wild on a regular basis for a substantial 

TABLE 2    |    Range of various parameters related to male reproductive 
status for male S. plumbea.

Parameter

Immature Mature

n Range n Range

Estimated age 
(GLGs)

21 2–7.5 12 7.5–23.5

Total body mass 
(kg)

26 60.0–150.0 19 92.0–250.0

Total body 
length (cm)

26 167.40–241.0 19 210.60–269.0

Combined testis 
mass (g)

18 30.0–546.0 16 174.0–1250.0

Mean testis 
length (cm)

2 88.50–107.50 4 200.0–280.0

Mean 
seminiferous 
tubule diameter 
(μm)

19 28.06–79.34 10 64.49–160.25

Index of testis 
development 
(g/mm)

2 0.38–0.47 4 1.76–2.56

Note: Maturity was determined through histological examination of testicular 
tissue, and only specimens for which the state of maturity could be determined 
are included (Nolte 2014).
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11 of 19Marine Mammal Science, 2026

amount of time) it is not possible to calibrate age estimates. 
Notable sexual dimorphism was observed, with males reaching 
an asymptotic length and weight of 269 cm and 262 kg, while fe-
males attain 242 cm and 164 kg, respectively.

The longevity of Sousa species, like S. chinensis in Southern 
Chinese waters, has been estimated between 33 and 38 years 
(Jefferson 2000; Jefferson et al. 2012). The difference in the max-
imum age estimates in S. plumbea and S. chinensis from South 
African and Hong Kong waters is likely due to a bias in shark 
net captures towards younger males, which may have misrep-
resented the population structure of S. plumbea from South 

African waters (Atkins et al. 2013; Plön et al. 2015) (Table 4). 
Mature dolphins may use inshore waters less frequently and 
thus do not constitute a large component of the bycatch in shark 
nets (Atkins et al. 2013; Cockcroft 1994), which could possibly 
explain why there are so many adolescent individuals present in 
the sample (Atkins et al. 2013). In addition, there is likely geo-
graphic variation in the life expectancies among different Sousa 
populations.

The estimated length at birth for S. plumbea in South African 
waters following Scott's  (1949) equation is 111 and 104 cm for 
males and females, respectively (Table 4). Ross (1984) reported 

FIGURE 7    |    Relationship between combined testis mass (g) and (a) total body length (cm), (b) estimated age (GLGs) and (c) total body mass (kg) 
for male S. plumbea.
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12 of 19 Marine Mammal Science, 2026

on three neonate males measuring 97, 101, and 108 cm, which 
seems in agreement with the predicted length presented here. 
In addition, 100 cm (Jefferson  2000) and 101 cm (Jefferson 
et al.  2012) have been reported for S. chinensis from southern 
Chinese waters.

Physical maturity was determined using the asymptotic length 
whereby individuals were considered physically mature if they 
had a standard length (measured from the tip of the rostrum to 
the notch of the tail flukes in a straight line) larger or equal to 
the asymptotic length (Cockcroft and Ross 1990). Using the GGF, 

the present study suggests a 21.91 cm difference in attainment 
of physical maturity between males (268.03 cm) and females 
(246.12 cm), which roughly corresponds to Cockcroft's  (1989) 
initial estimate of 270 cm and 240 cm for males and females, re-
spectively, and a later study by Cockcroft (2002), which revealed 
distinct sexual dimorphism (with males being larger than fe-
males) and an asymptotic length of 269 cm for males and 242 cm 
for females, respectively.

By contrast, Jefferson (2000) and Jefferson et al. (2012) calculated 
an asymptotic length of 243 cm and 249 cm for male and female S. 

FIGURE 8    |    Combined testis mass (g) (a) and mean seminiferous tubule diameter (μm) (b) by month for immature and mature male S. plumbea.

TABLE 3    |    Summary of the age and size of female S. plumbea at different maturity stages, as assessed through macroscopic examination of the 
ovaries.

Parameter

Immature Pubertal Mature

Range n Range n Range n

Estimated age (GLGs) 1.5–7.2 11 5–8.7 3 8–17.3 4

Total body mass (kg) 47–114 14 79–150 5 140–176 8

Total body length (cm) 157–222 14 183.5–237 5 220–248 9

Combined ovary mass (g) 1–6 14 4–13 4 10–22 6

Ovulation rate/year 0.2 3

Calving interval (years) 5 3
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chinensis in southern Chinese waters, which is smaller than the 
estimated values for S. plumbea in the present study, specifically 
for males (Table 4). Moreover, the age at physical maturity, accord-
ing to the GGF, differs by 11 years for male and female S. plumbea 
in the present study, with males becoming physically mature at a 
later age (around 24 years) and females around 13 years (Table 4). 
When compared to Ross's  (1984) earlier estimate of physical 
maturity being reached by males at 13–14 years, the findings of 
the current study suggest that males achieve physical maturity 
later than previously determined. In S. chinensis from southern 
Chinese populations, physical maturity is estimated to occur be-
tween 14 and 17 years for both sexes (Jefferson  2000; Jefferson 
et al. 2012), which is slightly younger than that estimated for the 
KwaZulu-Natal population.

4.2   |   Reproductive Biology

4.2.1   |   Sexual Maturity

The length at attainment of sexual maturity occurred at 210 cm 
and 220 cm TBL for male and female S. plumbea, respectively, 
indicating that both sexes mature at a similar body length 
(Table 4). Age estimates at onset of sexual maturity were 7.5 and 
8 years for males and females, respectively (Table 4). These es-
timates are considerably lower than previous estimates for pop-
ulations both locally and elsewhere in the world (Nolte 2014). 
For example, Cockcroft  (1989) assessed the age of attainment 
of sexual maturity in the same population, estimating it to be 
between 12 and 13 years for females and approximately 10 years 

FIGURE 9    |    Total number of corpora associated with (a) estimated age (GLGs), (b) body mass (kg), and (c) total body length (cm) in female 
S. plumbea.
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for males. Apart from this study, the only other estimate for the 
age at which humpback dolphins reach sexual maturity is avail-
able for S. chinensis from the southern Chinese populations, in 
which sexual maturity occurs around 12–14 years in males and 
9–10 years in females (Jefferson et  al.  2012). It is worth not-
ing that in South African waters, female bottlenose dolphins 
(Tursiops aduncus) as noted by Cockcroft and Ross (1990), long-
beaked common dolphins (Delphinus capensis) as reported by 
Mendolia (1989), and striped dolphins (Stenella coeruleoalba) as 

observed by Kroese (1993) reach sexual maturity 2–3 years ear-
lier than their male counterparts. The imbalance in this context 
results in a higher number of sexually mature females compared 
to males within a population (Cockcroft and Ross 1990), which 
is typically observed in animals that exhibit polygynous mat-
ing systems (Evans 1987). Thus, possibilities of the lower age 
at attainment of sexual maturity for the present study include a 
skewness of the sample towards immature males and/or a de-
crease of the age at attainment of sexual maturity due to fishing 
impact on the population as has been observed in studies on 
Stenella longirostris in the Eastern Tropical Pacific (Perrin and 
Henderson 1984). However, it is unclear whether our sample ac-
curately reflects the population (Perrin and Reilly 1984), given 
the underrepresentation of mature males and females and thus 
the parameters at attainment of sexual maturity may be biased.

4.2.2   |   Ovulation Rate and Calving Interval

The annual ovulation rate of female S. plumbea estimated at 
0.2, is indicative of a calving interval of approximately 5 years. 
The ovulation rate of S. plumbea was previously assessed by 
Cockcroft (1989) to be 0.3, which corresponds to a calving in-
terval of 3.3 years. Jefferson et al. (2012) calculated the average 
calving interval for Chinese populations to be approximately 
5.2 years; however, they suggested that a more probable in-
terval would be between 2 and 3 years. Jefferson's seemingly 
high estimate was attributed to low natural survival rates be-
cause of contamination, scarcity of nutritious prey resources, 
and an increased amount of stress from anthropogenic activ-
ities (Jefferson et  al.  2012; Nolte  2014). This may also be the 
case in the South African context as a dietary shift has been 
detected in the species since the 2000s (Roussouw et al. 2025). 
Further studies are, however, required to determine the effects 

FIGURE 10    |    Increase of combined ovary mass with (a) body length and (b) estimated age in female S. plumbea.

TABLE 4    |    Summary of growth parameters for S. plumbea males 
and females from South African waters incidentally captured in BPNs 
(1972–2012).

Parameter Male (n = 74) Female (n = 35)

Shortest animal in the 
sample (cm)

148.0 150.0

Length at birtha (cm) 111.57 104.33

Asymptotic length 
(cm) using Gompertz 
growth function

268.03 246.12

Length at sexual 
maturity (cm)

210.60 220.0

Age at sexual maturity 
(GLGs)

7.50 8.0

Maximum body length 
recorded (cm)

279.0 249.0

Maximum age (GLGs) 24.0 17.70

Maximum weight (kg) 289.40 176.0
aDerived from Scott's (1949) equation.
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of adverse environmental conditions on the ovulation and calv-
ing interval of S. plumbea.

4.2.3   |   Seasonality

Although only a limited amount of information on seasonality of 
reproduction could be determined from the present dataset, the 
year-round production of sperm supports earlier findings that 
births can occur throughout the year in this species (Best 2007; 
Saayman and Tayler 1979). However, field data from the south 
coast of South Africa contradict this finding as the majority 
of births occurred between December and February (65.3% in 
Plettenberg Bay; Saayman and Tayler 1979) and December and 
April (73.3% in Algoa Bay; Karczmarski and Cockcroft  1999). 
A more recent study in Algoa Bay reported that a significant 
number of calves were sighted during the summer months 
(Melly et al. 2018), which aligns with previous findings regard-
ing the peak calving season (Karczmarski 1999; Karczmarski, 
Cockcroft, and McLachlan 1999; Vinding et al. 2015).

4.2.4   |   Mating System

According to a previous study by Cockcroft  (1993), the com-
bined testis mass of S. plumbea in KwaZulu-Natal coastal wa-
ters makes up 0.7% of the total body mass. Plön et  al.  (2012) 
reported an average contribution of testis mass to total body 
mass of 0.43%. Similarly, for mature individuals in the current 
study, an average of 0.41% of total body mass was determined. 
Thus, the current study as well as previous analyses of the tes-
tis mass to body mass ratio, along with sexual dimorphism and 
group size in S. plumbea have shown that the species likely has 
a mating system characterized by monogamy or a highly polyg-
amous structure (Cockcroft 1993; Plön and Bernard 2007; Plön 
et al. 2012, 2015). A monogamous (harem) or highly polygynous 
mating system (roving male strategy) is characterized by small 
testes relative to body mass, a high degree of sexual dimor-
phism, and small group sizes in odontocetes (e.g., sperm whales, 
Physeter macrocephalus; Best et al. 1984). In contrast, frequent 
copulations and sperm competition are thought to be the cause 
of large relative testis mass, absence of sexual dimorphism, and 
big group sizes (Plön and Bernard 2007; Plön et al. 2015).

4.3   |   Conclusion

In conclusion, our study presents updated information on life his-
tory parameters of the endangered S. plumbea in South African 
waters. Specifically, the maximum life expectancy of 24 years is 
significantly lower than previous estimates of 40 and 46 years, 
which may be due to mainly immature animals being caught in 
inshore waters where the BPNs are set. Circumstantial evidence 
from free-ranging animals suggests ages in excess of 40 years 
(Shanan Atkins, pers. com.), supporting previous maximum age 
estimates of > 40 years. Similarly, age and length at sexual ma-
turity presented here are slightly lower than previously reported 
and the ovulation rate has decreased from an ovulation every 
3.3 years previously to 5 years in our study, indicating a reduced 
reproductive output. The change in these parameters may in-
dicate a change in environmental conditions, such as reduced 

prey availability, increased stress from anthropogenic activities 
or continued pressure on the population from bycatch in shark 
nets (Plön et al. 2021; Roussouw et al. 2025). This information is 
important for the management and conservation of this endan-
gered population (Braulik, Natoli, et al. 2023) and possibly other 
Sousa populations. It is important to note that life history esti-
mates obtained from this study do vary from those calculated for 
other Sousa populations elsewhere in the world, suggesting the 
possibility of regional differences in the estimated life history 
parameters and the need for regional approaches for conserva-
tion and management.

Author Contributions

Stephanie Plön: conceptualization, data curation, funding acqui-
sition, methodology, project administration, resources, supervision, 
validation, visualization, writing – original draft, writing – review and 
editing. Natasha Roussouw: data curation, formal analysis, method-
ology, investigation, validation, visualization, writing – original draft, 
writing – review and editing. Zianca Nolte: data curation, formal anal-
ysis, writing – review and editing. William P. Froneman: supervision, 
writing – review and editing.

Acknowledgments

We wish to thank Greg Hofmeyr and staff of the Port Elizabeth Museum 
for their assistance and access to specimens and metadata used in this 
study as well as the KwaZulu-Natal Sharks Board for their long-term 
collaboration. A special thanks to Ric Bernard for assistance with the as-
sessment of reproductive status. We would like to acknowledge that this 
manuscript contains results from a MSc thesis, entitled “The Natural 
History of the Humpback Dolphin, Sousa chinensis, in KwaZulu-Natal, 
South Africa: Age, Growth and Reproduction,” which was conducted by 
one of the co-authors (Z.N.) at Rhodes University, Grahamstown, South 
Africa. Permission to use information from the MSc in this manuscript 
has been granted from both the student and supervisors (S.P., W.P.F.). 
Whole sentences from the above-mentioned MSc thesis have been used 
in this manuscript, particularly in the Methods and Results sections 
and referenced accordingly. Funding for the study was provided by the 
IUCN (International Union for the Conservation of Nature) through a 
Kate Sanderson bequest grant (grant ID: 2021A-006) and co-funding 
from BioConsult SH Research and Conservation gGmbH, Husum, 
Germany to S.P. Thanks go also to the Seattle Aquarium for adminis-
trative assistance.

Funding

This work was supported through a Kate Sanderson bequest grant from 
the International Union for the Conservation of Nature (IUCN) (2021A-
006) and BioConsult SH Research and Conservation gGmbH, Husum, 
Germany.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

Adamczak, S. K., E. A. McHuron, F. Christiansen, et al. 2023. “Growth 
in Marine Mammals: A Review of Growth Patterns, Composition and 
Energy Investment.” Conservation Physiology 11, no. 1: coad035. https://​
doi.​org/​10.​1093/​conph​ys/​coad035.

 17487692, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

m
s.70181, W

iley O
nline L

ibrary on [24/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1093/conphys/coad035
https://doi.org/10.1093/conphys/coad035


16 of 19 Marine Mammal Science, 2026

Akin, P. A., K. M. Peltier, and R. B. Miller. 1993. Techniques for the 
Preparation and Examination of Reproductive Samples Collected From 
Dolphins in the Eastern Tropical Pacific (NOAA Technical Memorandum 
NMFS. NOAA-TM-NMFSSWFSC-192). U.S. Department of Commerce.

Atkins, S., M. Cantor, N. Pillay, G. Cliff, M. Keith, and G. J. Parra. 2016. 
“Net Loss of Endangered Humpback Dolphins: Integrating Residency, 
Site Fidelity, and Bycatch in Shark Nets.” Marine Ecology Progress Series 
555: 249–260. https://​doi.​org/​10.​3354/​meps1​1835.

Atkins, S., G. Cliff, and N. Pillay. 2013. “Humpback Dolphin Bycatch in 
the Shark Nets in KwaZulu-Natal, South Africa.” Biological Conservation 
159: 442–449. https://​doi.​org/​10.​1016/j.​biocon.​2012.​10.​007.

Atkins, S., N. Pillay, and V. Peddemors. 2004. “Spatial Distribution of 
Indo-Pacific Humpback Dolphins (Sousa chinensis) at Richards Bay, 
South Africa: Environmental Influences and Behavioural Patterns.” 
Aquatic Mammals 30, no. 1: 84–93. https://​doi.​org/​10.​1578/​AM.​30.1.​
2004.​84.

Aznar-Alemany, Ò., B. Sala, S. Plön, H. Bouwman, D. Barceló, and E. 
Eljarrat. 2019. “Halogenated and Organophosphorus Flame Retardants 
in Cetaceans From the Southwestern Indian Ocean.” Chemosphere 226: 
791–799. https://​doi.​org/​10.​1016/j.​chemo​sphere.​2019.​03.​165.

Barros, N. B., and V. G. Cockcroft. 1999. “Prey Resource Partitioning 
Between Indo-Pacific Hump-Backed (Sousa chinensis) and Bottlenose 
Dolphins (Tursiops truncatus) Off South Africa—Competitive Exclusion 
or Mutual Tolerance?” 13th Biennial Conference on the Biology of Marine 
Mammals, Maui, Hawaii.

Best, P. B. 1976. “Tetracycline Marking and the Rate of Growth Layer 
Formation in the Teeth of a Dolphin (Lagenorhynchus obscurus).” South 
African Journal of Science 72: 216–218.

Best, P. B. 2007. Whales and Dolphins of the Southern African Subregion. 
Cambridge University Press.

Best, P. B., P. A. S. Canham, and N. Macleod. 1984. “Patterns of 
Reproduction in Sperm Whales, Physeter macrocephalus.” Report of the 
International Whaling Commission, Special Issue 6: 51–79.

Betty, E. L., K. A. Stockin, B. Hinton, et al. 2022. “Age, Growth, and 
Sexual Dimorphism of the Southern Hemisphere Long-Finned Pilot 
Whale (Globicephala Melas Edwardii).” Journal of Mammalogy 103, no. 
3: 560–575. https://​doi.​org/​10.​1093/​jmamm​al/​gyab165.

Bouveroux, T., S. P. Kirkman, D. Conry, O. A. Vargas-Fonseca, and P. 
A. Pistorius. 2019. “The First Assessment of Social Organisation of the 
Indian Ocean Humpback Dolphin (Sousa plumbea) Along the South 
Coast of South Africa.” Canadian Journal of Zoology 97, no. 10: 855–865. 
https://​doi.​org/​10.​1139/​cjz-​2018-​0244.

Bouveroux, T., B. Melly, G. McGregor, and S. Plön. 2018. “Another 
Dolphin in Peril? Photo-Identification, Occurrence and Distribution of 
the Endangered Indian Ocean Humpback Dolphin (Sousa plumbea) in 
Algoa Bay.” Aquatic Conservation: Marine and Freshwater Ecosystems 
28, no. 3: 723–732. https://​doi.​org/​10.​1002/​aqc.​2877.

Braulik, G. T., K. Findlay, S. Cerchio, and R. Baldwin. 2015. “Assessment 
of the Conservation Status of the Indian Ocean Humpback Dolphin 
(Sousa plumbea) Using the IUCN Red List Criteria.” Advances in Marine 
Biology 72: 119–141. https://​doi.​org/​10.​1016/​bs.​amb.​2015.​08.​004.

Braulik, G. T., A. Natoli, D. Sutaria, and E. Vermeulen. 2023. 
“Sousa plumbea. The IUCN Red List of Threatened Species 2023: 
e.T82031633A230253271.” https://​doi.​org/​10.​2305/​IUCN.​UK.​2023-​1.​
RLTS.​T8203​1633A​23025​3271.​en.

Braulik, G. T., B. L. Taylor, G. Minton, et  al. 2023. “Red-List Status 
and Extinction Risk of the World's Whales, Dolphins, and Porpoises.” 
Conservation Biology 37: e14090. https://​doi.​org/​10.​1111/​cobi.​14090​.

Calzada, N., A. Aguilar, T. B. Sørensen, and C. Lockyer. 1996. 
“Reproductive Biology of Female Striped Dolphin (Stenella coeruleo-
alba) From the Western Mediterranean.” Journal of Zoology 240, no. 3: 
581–591. https://​doi.​org/​10.​1111/j.​1469-​7998.​1996.​tb053​08.​x.

Chivers, S. J., W. L. Perryman, M. S. Lynn, et  al. 2016. “Comparison 
of Reproductive Parameters for Populations of Eastern North Pacific 
Common Dolphins: Delphinus capensis and D. delphis.” Marine 
Mammal Science 32, no. 1: 57–85. https://​doi.​org/​10.​1111/​mms.​12244​.

Cliff, G., and S. F. J. Dudley. 2011. “Reducing the Environmental Impact 
of Shark-Control Programs: A Case Study From KwaZulu-Natal, South 
Africa.” Marine and Freshwater Research 62, no. 6: 700–709. https://​doi.​
org/​10.​1071/​MF10182.

Cockcroft, V. G. 1989. “Biology of Indopacific Humpback Dolphins 
(Sousa plumbea) Off Natal, South Africa.” 8th Biennial Conference 
on the Biology of Marine Mammals, Pacific Grove, California, USA, 
Abstract Only.

Cockcroft, V. G. 1990. “Dolphin Catches in the Natal Shark Nets, 1980 
to 1988.” South African Journal of Wildlife Research 20, no. 2: 44–51.

Cockcroft, V. G. 1993. “Size: The Only Male Reproductive Strategy?” 
10th Biennial Conference on the Biology of Marine Mammals, Galveston, 
Texas, USA, Abstract Only.

Cockcroft, V. G. 1994. “Is There Common Cause for Dolphin Capture 
in Gillnets? A Review of Dolphin Catches in the Shark Nets Off Natal, 
South Africa.” Reports of the International Whaling Commission Special 
Issue 15: 541–547.

Cockcroft, V. G. 1999. “Organochlorine Levels in Cetaceans From South 
Africa: A Review.” Journal of Cetacean Research and Management 1: 
169–176. https://​doi.​org/​10.​47536/​​jcrm.​v1i1.​262.

Cockcroft, V. G. 2002. Natural History of Indo-Pacific Humpback 
Dolphins (Sousa plumbea) Off Southern Africa (Paper SC/54/SM22). 
Scientific Committee of the International Whaling Commission.

Cockcroft, V. G., and G. J. B. Ross. 1990. “Age, Growth and Reproduction 
of Bottlenose Dolphins Tursiops truncatus From the East Coast of 
Southern Africa.” Fishery Bulletin 88, no. 2: 289–302.

Collins, T., K. Jog, S. Plön, and G. Braulik. 2024. “Chapter 4—Atlantic 
and Indian Ocean Humpback Dolphins Sousa teuszii (Kükenthal, 1892) 
and S. plumbea (Cuvier, 1829).” In Ridgway and Harrison's Handbook of 
Marine Mammals (Volume 1): Coastal Dolphins and Porpoises, edited by 
T. A. Jefferson, 109–154. Academic Press.

de Santos, M. C., S. Rosso, and R. M. A. Ramos. 2003. “Age Estimation 
of Marine Tucuxi Dolphins (Sotalia fluviatilis) in South-Eastern Brazil.” 
Journal of the Marine Biological Association of the United Kingdom 83: 
233–236. https://​doi.​org/​10.​1017/​S0025​31540​3007021h.

Denuncio, P., M. F. Negri, R. Bastida, and D. Rodríguez. 2017. “Age and 
Growth of Franciscana Dolphins From Northern Argentina.” Journal 
of the Marine Biological Association of the United Kingdom 98, no. 5: 
1197–1203. https://​doi.​org/​10.​1017/​S0025​31541​7000765.

Dudley, S. F. J. 1997. “A Comparison of the Shark Control Programmes 
of New South Wales and Queensland (Australia) and KwaZulu-Natal 
(South Africa).” Ocean and Coastal Management 34, no. 1: 1–27. https://​
doi.​org/​10.​1016/​S0964​-​5691(96)​00061​-​0.

Durham, B. 1994. “The Distribution and Abundance of the Humpback 
Dolphin (Sousa chinensis) Along the Natal Coast, South Africa.” 
(Unpublished Master's Thesis, University of Natal).

Elwen, S. H., K. P. Findlay, J. Kiszka, and C. R. Weir. 2011. “Cetacean 
Research in the Southern African Subregion: A Review of Previous 
Studies and Current Knowledge.” African Journal of Marine Science 33, 
no. 3: 469–493. https://​doi.​org/​10.​2989/​18142​32X.​2011.​637614.

Evans, P. G. H. 1987. The Natural History of Whales and Dolphins. 
Christopher Helm.

Frainer, G., S. Plön, N. B. Serpa, I. B. Moreno, and S. Huggenberger. 
2019. “Sound Generating Structures of the Humpback Dolphin Sousa 
plumbea (Cuvier, 1829) and the Directionality in Dolphin Sounds.” 
Anatomical Record 302, no. 6: 849–860. https://​doi.​org/​10.​1002/​ar.​
23981​.

 17487692, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

m
s.70181, W

iley O
nline L

ibrary on [24/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3354/meps11835
https://doi.org/10.1016/j.biocon.2012.10.007
https://doi.org/10.1578/AM.30.1.2004.84
https://doi.org/10.1578/AM.30.1.2004.84
https://doi.org/10.1016/j.chemosphere.2019.03.165
https://doi.org/10.1093/jmammal/gyab165
https://doi.org/10.1139/cjz-2018-0244
https://doi.org/10.1002/aqc.2877
https://doi.org/10.1016/bs.amb.2015.08.004
https://doi.org/10.2305/IUCN.UK.2023-1.RLTS.T82031633A230253271.en
https://doi.org/10.2305/IUCN.UK.2023-1.RLTS.T82031633A230253271.en
https://doi.org/10.1111/cobi.14090
https://doi.org/10.1111/j.1469-7998.1996.tb05308.x
https://doi.org/10.1111/mms.12244
https://doi.org/10.1071/MF10182
https://doi.org/10.1071/MF10182
https://doi.org/10.47536/jcrm.v1i1.262
https://doi.org/10.1017/S0025315403007021h
https://doi.org/10.1017/S0025315417000765
https://doi.org/10.1016/S0964-5691(96)00061-0
https://doi.org/10.1016/S0964-5691(96)00061-0
https://doi.org/10.2989/1814232X.2011.637614
https://doi.org/10.1002/ar.23981
https://doi.org/10.1002/ar.23981


17 of 19Marine Mammal Science, 2026

Gao, A., and K. Zhou. 1993. “Growth and Reproduction of Three 
Populations of Finless Porpoise, Neophocaena phocaenoides, in Chinese 
Waters.” Aquatic Mammals 19, no. 1: 3–12.

Gompertz, B. 1825. “On the Nature of the Function Expressive of the 
Law of Human Mortality, and on a New Mode of Determining the Value 
of Life Contingencies.” Philosophical Transactions of the Royal Society of 
London 115: 513–583. https://​doi.​org/​10.​1098/​rspl.​1815.​0271.

Gui, D., L. Karczmarski, R.-Q. Yu, et  al. 2016. “Profiling and Spatial 
Variation Analysis of Persistent Organic Pollutants in South African 
Delphinids.” Environmental Science & Technology 50, no. 7: 4008–4017. 
https://​doi.​org/​10.​1021/​acs.​est.​5b06009.

Gurevich, V. S., L. H. Stewart, and L. H. Cornell. 1980. “The Use of 
Tetracycline in Age Determination of Common Dolphins, Delphinus 
Delphis.” In Age Determination of Toothed Whales and Sirenians, edited 
by W. F. Perrin and A. C. Myrick Jr., 165–169. International Whaling 
Commission.

Hawkins, E. R., and M. Dunleavy. 2024. “Estimated Reproductive 
Parameters for a Vulnerable Australian Humpback Dolphin 
Population.” Marine Mammal Science 40, no. 4: e13131. https://​doi.​org/​
10.​1111/​mms.​13131​.

Hayes, L. D., and C. Schradin. 2017. “Long-Term Field Studies of Mam
mals: What the Short-Term Study Cannot Tell Us.” Journal of Mammalogy 
98, no. 3: 600–602. https://​doi.​org/​10.​1093/​jmamm​al/​gyx027.

Hohn, A. A., S. J. Chivers, and J. Barlow. 1985. “Reproductive Maturity 
and Seasonality of Male Spotted Dolphins, Stenella attenuata, in the 
Eastern Tropical Pacific.” Marine Mammal Science 1, no. 4: 273–293. 
https://​doi.​org/​10.​1111/j.​1748-​7692.​1985.​tb000​16.​x.

Hohn, A. A., A. J. Read, S. Fernandez, O. Vidal, and L. T. Findley. 1996. 
“Life History of the Vaquita, Phocoena sinus (Phocoenidae, Cetacea).” 
Journal of Zoology 239, no. 2: 235–251. https://​doi.​org/​10.​1111/j.​1469-​
7998.​1996.​tb054​50.​x.

James, B. S., M. N. Bester, G. S. Penry, E. Gennari, and S. H. Elwen. 2015. 
“Abundance and Degree of Residency of Humpback Dolphins Sousa 
plumbea in Mossel Bay, South Africa.” African Journal of Marine Science 
37, no. 3: 383–394. https://​doi.​org/​10.​2989/​18142​32X.​2015.​1083477.

Jefferson, T. A. 2000. “Population Biology of the Indo-Pacific Hump-
Backed Dolphin in Hong Kong Waters.” Wildlife Monographs 144: 1–65.

Jefferson, T. A., S. K. Hung, K. M. Robertson, and F. I. Archer. 2012. 
“Life History of the Indo-Pacific Humpback Dolphin in the Pearl River 
Estuary, Southern China.” Marine Mammal Science 28, no. 1: 84–104. 
https://​doi.​org/​10.​1111/j.​1748-​7692.​2010.​00462.​x.

Jefferson, T. A., K. M. Robertson, and J. Y. Wang. 2002. “Growth and 
Reproduction of the Finless Porpoise in Southern China.” Raffles 
Bulletin of Zoology 10: 105–113.

Karczmarski, L. 1999. “Group Dynamics of Humpback Dolphins (Sousa 
chinensis) in the Algoa Bay Region, South Africa.” Journal of Zoology 
249, no. 3: 283–293. https://​doi.​org/​10.​1111/j.​1469-​7998.​1999.​tb007​65.​x.

Karczmarski, L., and V. G. Cockcroft. 1999. “Daylight Behaviour of 
Humpback Dolphins Sousa chinensis in Algoa Bay, South Africa.” 
Zeitschrift Für Säugetierkunde 64: 19–29.

Karczmarski, L., V. G. Cockcroft, and A. McLachlan. 1999. “Group 
Size and Seasonal Pattern of Occurrence of Humpback Dolphins Sousa 
chinensis in Algoa Bay, South Africa.” South African Journal of Marine 
Science 21, no. 1: 89–97. https://​doi.​org/​10.​2989/​02577​61997​84126024.

Karczmarski, L., V. G. Cockcroft, and A. Mclachlan. 2000. “Habitat Use 
and Preference of Indo-Pacific Humpback Dolphins Sousa chinensis 
in Algoa Bay, South Africa.” Marine Mammal Science 16, no. 1: 65–79. 
https://​doi.​org/​10.​1111/j.​1748-​7692.​2000.​tb009​04.​x.

Karczmarski, L., M. Thornton, and V. G. Cockcroft. 1997. “Description 
of Selected Behaviours of Humpback Dolphins Sousa chinensis.” 
Aquatic Mammals 23, no. 3: 127–133.

Karczmarski, L., P. E. D. Winter, V. G. Cockcroft, and A. McLachlan. 
1999. “Population Analyses of Indo-Pacific Humpback Dolphins Sousa 
chinensis in Algoa Bay, Eastern Cape, South Africa.” Marine Mammal 
Science 15, no. 4: 1115–1123. https://​doi.​org/​10.​1111/j.​1748-​7692.​1999.​
tb008​80.​x.

Kasuya, T., and R. L. Brownell. 1979. “Age Determination, Reproduction, 
and Growth of the Franciscana Dolphin, Pontoporia blainvillei.” 
Scientific Reports of the Whales Research Institute 31: 45–67.

Keith, M., S. Atkins, A. E. Johnson, and L. Karczmarski. 2013. “Area 
Utilization Patterns of Humpback Dolphins (Sousa plumbea) in 
Richards Bay, KwaZulu-Natal, South Africa.” Journal of Ethology 31: 
261–274. https://​doi.​org/​10.​1007/​s1016​4-​013-​0375-​z.

Keith, M., V. M. Peddemors, M. N. Bester, and J. W. H. Ferguson. 2002. 
“Population Characteristics of Indo-Pacific Humpback Dolphins 
at Richards Bay, South Africa: Implications for Incidental Capture 
in Shark Nets.” South African Journal of Wildlife Research 32, no. 2: 
153–162.

Kemper, C. M., E. Trentin, and I. Tomo. 2014. “Sexual Maturity in 
Male Indo-Pacific Bottlenose Dolphins (Tursiops aduncus): Evidence 
for Regressed/Pathological Adults.” Journal of Mammalogy 95, no. 2: 
357–368. https://​doi.​org/​10.​1644/​13-​MAMM-​A-​007.​1.

Koper, R. P., L. Karczmarski, D. du Preez, and S. Plön. 2016. “Sixteen 
Years Later: Occurrence, Group Size, and Habitat Use of Humpback 
Dolphins (Sousa plumbea) in Algoa Bay, South Africa.” Marine Mammal 
Science 32, no. 2: 490–507. https://​doi.​org/​10.​1111/​mms.​12279​.

Koper, R. P., and S. Plön. 2016. “Interspecific Interactions Between 
Cetacean Species in Algoa Bay, South Africa.” Aquatic Mammals 42, 
no. 4: 454–461. https://​doi.​org/​10.​1578/​AM.​42.4.​2016.​454.

Kroese, M. 1993. “Age, Growth and Reproductive Biology of Striped 
Dolphins, Stenella coeruleoalba (Meyen, 1833) Off the Coast of Southern 
Africa.” (Unpublished Master's Thesis, University of Port Elizabeth).

Lampert, S. G., R. A. Ingle, J. Jackson, K. Gopal, and S. Plön. 2021. 
“Analysis of Mitochondrial Control Region Reveals Low Genetic 
Diversity of the Indian Ocean Humpback Dolphin (Sousa plumbea) in 
South African Waters.” Endangered Species Research 46: 91–103. https://​
doi.​org/​10.​3354/​esr01147.

Lane, E. P., M. de Wet, P. Thompson, U. Siebert, P. Wohlsein, and S. Plön. 
2014. “A Systematic Health Assessment of Indian Ocean Bottlenose 
(Tursiops aduncus) and Indo-Pacific Humpback (Sousa plumbea) 
Dolphins, Incidentally Caught in Shark Nets Off the KwaZulu-Natal 
Coast, South Africa.” PLoS One 9, no. 9: e0107038. https://​doi.​org/​10.​
1371/​journ​al.​pone.​0107038.

Mann, J., and C. Karniski. 2017. “Diving Beneath the Surface: Long-
Term Studies of Dolphins and Whales.” Journal of Mammalogy 98, no. 
3: 621–630. https://​doi.​org/​10.​1093/​jmamm​al/​gyx036.

Melly, B. 2011. “The Zoogeography of the Cetaceans in Algoa Bay.” 
(Unpublished Master's Thesis, Rhodes University).

Melly, B. L., G. McGregor, G. J. G. Hofmeyr, and S. Plön. 2018. “Spatio-
Temporal Distribution and Habitat Preferences of Cetaceans in Algoa 
Bay, South Africa.” Journal of the Marine Biological Association of the 
United Kingdom 98, no. 5: 1065–1079. https://​doi.​org/​10.​1017/​S0025​
31541​7000340.

Mendolia, C. 1989. “Reproductive Biology of Common Dolphins 
(Delphinus delphis, Lineneaeus) Off the Southeast Coast of Southern 
Africa.” (Unpublished Master's Thesis, University of Port Elizabeth).

Murphy, S. 2004. “The Biology of the Short-Beaked Common Dolphin 
Delphinus delphis in the North-East Atlantic.” (Unpublished PhD 
Thesis, National University of Ireland).

Murphy, S., A. Collet, and E. Rogan. 2005. “Mating Strategy in the 
Male Common Dolphin (Delphinus delphis): What Gonadal Analysis 
Tells Us.” Journal of Mammalogy 86, no. 6: 1247–1258. https://doi.
org/10.1644/1545-1542(2005)86[1247:MSITMC]2.0.CO;2.

 17487692, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

m
s.70181, W

iley O
nline L

ibrary on [24/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1098/rspl.1815.0271
https://doi.org/10.1021/acs.est.5b06009
https://doi.org/10.1111/mms.13131
https://doi.org/10.1111/mms.13131
https://doi.org/10.1093/jmammal/gyx027
https://doi.org/10.1111/j.1748-7692.1985.tb00016.x
https://doi.org/10.1111/j.1469-7998.1996.tb05450.x
https://doi.org/10.1111/j.1469-7998.1996.tb05450.x
https://doi.org/10.2989/1814232X.2015.1083477
https://doi.org/10.1111/j.1748-7692.2010.00462.x
https://doi.org/10.1111/j.1469-7998.1999.tb00765.x
https://doi.org/10.2989/025776199784126024
https://doi.org/10.1111/j.1748-7692.2000.tb00904.x
https://doi.org/10.1111/j.1748-7692.1999.tb00880.x
https://doi.org/10.1111/j.1748-7692.1999.tb00880.x
https://doi.org/10.1007/s10164-013-0375-z
https://doi.org/10.1644/13-MAMM-A-007.1
https://doi.org/10.1111/mms.12279
https://doi.org/10.1578/AM.42.4.2016.454
https://doi.org/10.3354/esr01147
https://doi.org/10.3354/esr01147
https://doi.org/10.1371/journal.pone.0107038
https://doi.org/10.1371/journal.pone.0107038
https://doi.org/10.1093/jmammal/gyx036
https://doi.org/10.1017/S0025315417000340
https://doi.org/10.1017/S0025315417000340
https://doi.org/10.1644/1545-1542(2005)86[1247:MSITMC]2.0.CO;2
https://doi.org/10.1644/1545-1542(2005)86[1247:MSITMC]2.0.CO;2


18 of 19 Marine Mammal Science, 2026

Myrick, A. C., A. A. Hohn, P. A. Sloan, M. Kimjura, and D. D. Stanley. 
1983. Estimating Age of Spotted and Spinner Dolphins (Stenella attenuata 
and Stenella longirostris) From Teeth (NOAA Technical Memorandum 
NMFS-SWFC-30). U.S. Department of Commerce.

Neimanis, A. S., A. J. Read, R. A. Foster, and D. E. Gaskin. 2000. 
“Seasonal Regression in Testicular Size and Histology in Harbour 
Porpoises (Phocoena phocoena, L.) From the Bay of Fundy and Gulf of 
Maine.” Journal of Zoology (London) 250: 221–229.

Nolte, Z. 2014. “The Natural History of the Humpback Dolphin, 
Sousa chinensis, in KwaZulu-Natal, South Africa: Age, Growth and 
Reproduction.” (Unpublished Master's Thesis, Rhodes University).

Norman, S. A., R. C. Hobbs, J. Foster, J. P. Schroeder, and F. I. Townsend. 
2004. “A Review of Animal and Human Health Concerns During 
Capture-Release, Handling and Tagging of Odontocetes.” Journal of 
Cetacean Research and Management 6, no. 1: 53–62. https://​doi.​org/​10.​
47536/​​jcrm.​v6i1.​790.

Norris, K. S. 1961. “Standardized Methods for Measuring and Recording 
Data on the Smaller Cetaceans.” Journal of Mammalogy 42: 417–476. 
https://​doi.​org/​10.​2307/​1377364.

Perrin, W. F., and G. P. Donovan. 1984. “Report of the Workshop.” 
Reports of the International Whaling Commission, Special Issue 6: 1–24.

Perrin, W. F., and J. R. Henderson. 1984. “Growth and Reproductive 
Rates of Two Populations of Spinner Dolphins, Stenella longirostris, 
With Different Histories of Exploitation.” Report of the International 
Whaling Commission, Special Issue 6: 417–430.

Perrin, W. F., and A. C. Myrick. 1980. “Age Determination of 
Toothed Whales and Sirenians.” Reports of the International Whaling 
Commission, Special Issue 3: 1–50.

Perrin, W. F., and S. B. Reilly. 1984. “Reproductive Parameters of 
Dolphins and Small Whales of the Family Delphinidae.” Reports of the 
International Whaling Commission, Special Issue 6: 97–133.

Plön, S. 2004. “The Status and Natural History of Pygmy (Kogia 
breviceps) and Dwarf (K. sima) Sperm Whales Off Southern Africa.” 
(Unpublished PhD Thesis, Rhodes University).

Plön, S., K. H. Albrecht, G. Cliff, and P. W. Froneman. 2012. “Organ 
Weights of Three Dolphin Species (Sousa chinensis, Tursiops aduncus 
and Delphinus capensis) From South Africa: Implications for Ecological 
Adaptation?” Journal of Cetacean Research and Management 12, no. 2: 
265–276. https://​doi.​org/​10.​47536/​​jcrm.​v12i2.​584.

Plön, S., S. Atkins, V. Cockcroft, et al. 2021. “Science Alone Won't Do 
It! South Africa's Endangered Humpback Dolphins Sousa plumbea 
Face Complex Conservation Challenges.” Frontiers in Marine Science 8: 
642226. https://​doi.​org/​10.​3389/​fmars.​2021.​642226.

Plön, S., S. Atkins, D. Conry, P. Pistorius, V. Cockcroft, and M. F. Child. 
2016. “A Conservation Assessment of Sousa plumbea.” In The Red List of 
Mammals of South Africa, Swaziland and Lesotho, edited by M. F. Child, 
L. Roxburgh, E. Do Cinh San, D. Raimondo, and H. T. Davies-Mostert, 
1–11. South African National Biodiversity Institute and Endangered 
Wildlife Trust.

Plön, S., and R. T. F. Bernard. 2007. “Testis, Spermatogenisis, and 
Testicularcycles.” In Reproductive Biology and Phylogeny of Cetacea—
Whales, Dolphins and Porpoises, edited by L. Miller, 215–244. Science 
Publishers.

Plön, S., V. G. Cockcroft, and P. W. Froneman. 2015. “The Natural 
History and Conservation of Indian Ocean Humpback Dolphins (Sousa 
plumbea) in South African Waters.” Advances in Marine Biology 72: 
143–162. https://​doi.​org/​10.​1016/​bs.​amb.​2015.​08.​005.

Plön, S., G. Frainer, A. Wedderburn-Maxwell, G. Cliff, and S. 
Huggenberger. 2018. “Dorsal Fin and Hump Vascular Anatomy in the 
Indo-Pacific Humpback Dolphin (Sousa plumbea) and the Indo-Pacific 
Bottlenose Dolphin (Tursiops aduncus).” Marine Mammal Science 35, 
no. 2: 684–695. https://​doi.​org/​10.​1111/​mms.​12570​.

Reilly, S. B., A. A. Hohn, and A. C. Myrick. 1983. “Precision of Age 
Determination of Northern Offshore Spotted Dolphins.” (NOAA 
Technical Memorandum NMFS NOAA-TM-NMFS-SWFC-35, La Jolla, 
California).

Ross, G. J. B. 1984. “The Smaller Cetaceans of the Southeast Coast of 
Southern Africa.” Annals of the Cape Provincial Museums: Natural 
History 15: 173–410.

Roussouw, N., W. P. Froneman, K. Weltz, et al. 2025. “Feeding Down 
the Food Web?! Trophic Cascading Reflected in the Long-Term Dietary 
Trends of Endangered Indian Ocean Humpback Dolphins Sousa 
plumbea From KwaZulu-Natal, South Africa.” Ecological Indicators 
181: 114442. https://​doi.​org/​10.​1016/j.​ecoli​nd.​2025.​114442.

Saayman, G. S., D. Bower, and C. K. Tayler. 1972. “Observations on 
Inshore and Pelagic Dolphins in the South-Eastern Cape Coast of 
South Africa.” Koedoe 15, no. 1: a664. https://​doi.​org/​10.​4102/​koedoe.​
v15i1.​664.

Saayman, G. S., and C. K. Tayler. 1979. “The Socioecology of Humpback 
Dolphins (Sousa sp.).” In Behaviour of Marine Mammals, edited by H. 
E. Winn and B. L. Olla, 165–226. Plenum Press. https://​doi.​org/​10.​1007/​
978-​1-​4684-​2985-​5_​6.

Scott, E. O. G. 1949. “Neonatal Length as a Function of Adult Length 
in Cetacea.” Papers and Proceedings of the Royal Society of Tasmania 
1948: 75–93.

Slooten, E. 1991. “Age, Growth, and Reproduction in Hector's Dolphins.” 
Canadian Journal of Zoology 69, no. 6: 1689–1700. https://​doi.​org/​10.​
1139/​z91-​234.

Steiner, A., and M. Bossley. 2008. “Some Reproductive Parameters of 
an Estuarine Population of Indo-Pacific Bottlenose Dolphins (Tursiops 
aduncus).” Aquatic Mammals 34, no. 1: 84–92. https://​doi.​org/​10.​1578/​
AM.​34.1.​2008.​84.

Teleken, J. T., A. C. Galvão, and W. d. S. Robazza. 2017. “Comparing 
Non-Linear Mathematical Models to Describe Growth of Different 
Animals.” Acta Scientiarum. Animal Sciences 39, no. 1: 73–81. https://​
doi.​org/​10.​4025/​actas​ciani​msci.​v39i1.​31366​.

Vermeulen, E., T. Bouveroux, S. Plön, et  al. 2018. “Indian Ocean 
Humpback Dolphin (Sousa plumbea) Movement Patterns Along the 
South African Coast.” Aquatic Conservation: Marine and Freshwater 
Ecosystems 28, no. 3: 231–240. https://​doi.​org/​10.​1002/​aqc.​2836.

Vinding, K., M. Bester, S. P. Kirkman, W. Chivell, and S. H. Elwen. 2015. 
“The Use of Data From a Platform of Opportunity (Whale Watching) 
to Study Coastal Cetaceans on the Southwest Coast of South Africa.” 
Tourism in Marine Environments 11: 33–54. https://​doi.​org/​10.​3727/​
15442​7315X​14398​26371​8439.

von Bertalanffy, L. 1941. “Untersuchungen Uber Die Gesetzlichkeit 
Des Wachstums. VII. Stoffwechseltypen und Wachstumstypen.” 
Biologisches Zentralblatt 61: 510–532.

von Bertalanffy, L. 1957. “Quantitative Laws in Metabolism and 
Growth.” Quarterly Review of Biology 32, no. 3: 217–231. https://​doi.​org/​
10.​1086/​401873.

Zeng, Q., X. Wang, and Q. Zhu. 2021. “Preliminary Study on the 
Reproductive Ecology of a Threatened Indo-Pacific Humpback Dolphin 
(Sousa chinensis) Population in Xiamen Bay, China.” Aquatic Mammals 
47, no. 1: 43–52. https://​doi.​org/​10.​1578/​AM.​47.1.​2021.​43.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Figure S1: Mass (kg) at age curves 
for male (a) and female (b) S. plumbea fitted to the three-parameter 
Von Bertalanffy and Gompertz growth functions (n = 71 males and 
38 females). Figure S2: Histological sections representative of differ-
ent maturity stages of the testes of S. plumbea. (a) Immature testis, 
characterized by narrow seminiferous tubules, lacking a lumen and 
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surrounded by abundant interstitial tissue. (b) Represents late sper-
matogenesis/sexual maturity, characterized by large seminiferous tu-
bules with spermatogonia, spermatocytes and spermatids (Nolte 2014). 
Figure S3: Testis mass in male S. plumbea incidentally bycaught in 
BPN s from KwaZulu-Natal, South Africa (n = 30). Figure S4: Graafian 
follicles in ovarian tissue as they appear in pubertal females (a), a corpus 
albicans as it appears within the tissue (b), signifying a past ovulatory 
event, and a corpus luteum within the tissue (c), which represents a fer-
tilized ovulation (Nolte 2014). 
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