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Abstract Introduction

Lesions on cetacea can be useful to assess the nat- A variety of dermal lesions have been observed 
ural and anthropogenic pressures faced by a popu- on live, stranded, and bycaught cetaceans world-
lation. The aim of this study was to assess the via- wide. Such lesions have been described as hyper-
bility of photo-identification (photo-ID) as a tool pigmented (Wilson et al., 1997, 1999; Bearzi et al., 
to examine potential pressures affecting gregari- 2009; Frode, 2009; Burdett Hart et al., 2012), hypo-
ous, free-ranging common dolphins (Delphinus pigmented (Harzen & Brunnick, 1997; Wilson 
sp.). Photo-ID was collected between 2010 and et al., 1997; Van Bressem et al., 2007; Bearzi et al., 
2013 in the Hauraki Gulf (HG), New Zealand. 2009), targetoid (Geraci et al., 1979; Thompson & 
From 1,411 independent encounters, 2,083 indi- Hammond, 1992; Burdett Hart, 2011), concentric 
viduals were identified from permanent nicks and rings (Froude, 2009), tattoo-like (Flom & Houk, 
notches on their dorsal fins. Of these individuals, 1979; Van Bressem et al., 1999a, 1999b, 2009c), 
the number of lesions on 12 body sectors was yellow-orange discolouration (Riggin & Maldini, 
assessed. Prevalence was determined by weight- 2010; Burdett Hart, 2011; Burdett Hart et al., 2012), 
ing the number of lesions by the cumulative depressed and sunken (Baker, 1992; Van Bressem 
number of images for each body sector. Of the et al., 1999a, 1999b; Blanchard et al., 2001), and 
2,083 individuals identified, 77.9% (n = 1,622) raised and proliferative (Baker, 1992; Rehtanz 
exhibited lesions. Of all body segments examined, et al., 2006; Reif et al., 2006). 
the anterior peduncle exhibited the highest per- Detection of lesions can be useful to iden-
centage of lesions (91.1%). Most lesions observed tify potential natural or anthropogenic pressures 
were represented by indentations and impressions faced by cetaceans in the marine environment. 
(84.2%, n = 1,368), followed by cut-like indenta- Natural pressures may include intra- (Scott et al., 
tions (54.1%, n = 878), hyper-pigmented lesions 2005; Marley et al., 2013) or interspecific interac-
(43.1%, n = 700), and hypo-pigmented lesions tions (Steiger et al., 2008; Dwyer & Visser, 2011; 
(37.4%, n = 607). A significant difference in the Moore & Barco, 2013), environmental conditions 
prevalence of lesions between the leading and (e.g., changes in water temperature and/or salinity; 
trailing edges of dorsal fins was evident. Possible Harzen & Brunnick, 1997; Bertulli et al., 2012), and 
causes of lesions are discussed, including intra- infections (Isidoro-Ayza et al., 2014; Lecis et al., 
or interspecific interactions, environmental con- 2014). In addition, anthropogenic pressures may 
ditions, infectious origins, fisheries and vessel include entanglement in fishing gear (Donaldson 
interactions, and/or human-induced environmen- et al., 2010; Moore & Barco, 2013), vessel inter-
tal stressors. Findings suggest that despite limita- actions (Dwyer et al., 2014; Luksenburg, 2014; 
tions, photo-ID can be used as an opportunistic, Sierra et al., 2014), and human-induced environ-
non-invasive research tool to examine lesions on mental stressors (e.g., poor water quality and nutri-
free-ranging delphinids. ent enrichment; Flom & Houk, 1979; Geraci et al., 

1979). Through identifying the potential natural 
Key Words: photo-identification, anthropogenic and/or anthropogenic pressures faced by free-rang-
impacts, physical injuries, wounds, epidermal ing populations, inferences can be made concern-
conditions, delphinids ing the impacts on a specific population.
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While lesions identified via photo-ID in Methods
free-ranging populations have been reported 
(Van Bressem et al., 2007, 2015; Murdoch et al., Field Methods
2008; Kiszka et al., 2009; Daura-Jorge & Simões- Data Collection—Non-systematic, dedicated 
Lopes, 2011; Bertulli et al., 2012; Burdett Hart et al., photo-ID surveys were undertaken from January 
2012; Bessesen et al., 2014; Sanino et al., 2014), 2010 to December 2013 inclusive in the HG, 
the literature is heavily biased towards coastal spe- New Zealand (36° 10' to 37° 10' S, 174° 40' to 175° 
cies that are observed in small group sizes, particu- 30' E). Observations were independently conducted 
larly common bottlenose dolphins (Thompson & from two vessel types: (1) Aihe II, a 5.5-m research 
Hammond, 1992; Wilson et al., 2000; Van Bressem vessel, fitted with a 120-hp four-stroke outboard 
et al., 2003, 2007; Rehtanz et al., 2006; Flach et al., engine; and (2) Dolphin Explorer, a 20-m com-
2008; Bearzi et al., 2009; Maldini et al., 2010; mercial tour catamaran, powered by twin 350-hp 
Melero et al., 2011). Considerably less is described inboard engines. Surveys were conducted in good 
in the literature for gregarious oceanic delphinids visibility (≥ 1 km), swell (< 1 m), and Beaufort 
such as common dolphins (Delphinus sp.), with sea state (≤ 4) (Stockin et al., 2008b). Vessels con-
most records originating from strandings (Dixon, ducted surveys both concurrently and indepen-
1984; Reidarson et al., 1998; Van Bressem et al., dently. During surveys, vessels would approach 
2001, 2007; Silva & Sequeira, 2003; Stockin the focal group to the rear in a continuous, slow 
et al., 2009) or fisheries bycatch (Van Bressem (~5 kts) manoeuvre before travelling parallel to the 
& Van Waerebeek, 1996; Van Bressem et al., group to conduct photo-ID (Stockin et al., 2008b).
1996, 2001, 2006a, 2006b, 2009c; Duignan et al., Photographs were collected by a team of two to
2003). No studies have been conducted using five trained observers (including the first author) 
photo-ID to examine lesions on free-ranging oce- concurrently, following standardised methods 
anic populations of common dolphins, despite (Würsig & Jefferson, 1990). Multiple images 
the natural (Van Bressem et al., 1999a, 2006b, were taken at a 90° angle (Würsig & Jefferson, 
2007) and anthropogenic (Read & Murray, 2000; 1990) when dolphins surfaced within 25 m of the 
Ostman-Lind et al., 2004; Baird & Gorgone, 2005; platform (Tyne et al., 2014). Photo-ID was ran-
Neumann & Orams, 2006; Courbis, 2007; Rowe, domly collected for each dolphin in a group with-
2007; Campbell-Malone et al., 2008; Stockin et al., out bias towards marked or unmarked individuals 
2008a, 2008b, 2009; Stockin & Orams, 2009; Weir (Würsig & Jefferson, 1990). Regardless of group 
et al., 2010; Martinez & Stockin, 2013; Thompson size, an attempt was made to photo-ID as many 
et al., 2013; Kügler & Orbach, 2014) pressures dolphins within the group as possible. While 
faced by this species. photo-ID focused on capturing dorsal fins, other 

Common dolphins within the Hauraki Gulf body sectors were also photographed extensively. 
(HG), New Zealand, form part of an open popula- All images were graded according to photo-
tion which range along the northeastern coastline graphic quality (PQ) with the aim of minimis-
of the North Island (Stockin et al., 2014; Hupman, ing bias in lesion identification and reducing 
2016). Despite this extensive range, the HG misidentifications. Images were classified as 
appears to be a stronghold for this species, with (1) poor, (2) fair, (3) good, or (4) excellent quality 
seasonal abundance ranging between 732 (CI (Hupman, 2016). Only fair, good, and excellent 
= 460 to 1,177) in autumn 2010 to 5,304 (CI = quality images were used for analysis.
4,745 to 5,930) in spring 2013 (Hupman, 2016). Images were compared manually to identify 
An analysis of lesions affecting Delphinus within unique individuals within the population (Tyne 
this region is, therefore, informative to identify et al., 2014) and were deemed marked when they 
and discuss the natural and anthropogenic pres- displayed permanent nicks and notches on the 
sures likely faced within the HG and potentially leading or trailing edge of the left side of the dorsal 
throughout New Zealand waters. fin (Würsig & Würsig, 1977; Würsig & Jefferson, 

The aim of this study was to assess the viability 1990). In addition to nicks and notches, pigmenta-
of photo-ID as a tool to examine the prevalence tion patterns were also used as a secondary feature 
of lesions on free-ranging common dolphins. to aid in individual recognition (Hupman, 2016). 
Specifically, the objectives were (1) to apply a A threshold for distinctiveness was used to inte-
classification system to examine the prevalence of grate distinctively marked individuals (DMIs) into 
lesions on common dolphins within the HG and the Hauraki Gulf Common Dolphin Catalogue 
(2) to discuss potential natural and anthropogenic (HGCDC). Each new prospective individual was 
causes of such lesions. By examining the natural carefully examined, and all matches were scruti-
and anthropogenic pressures, scientists are able nized by at least two experienced observers before 
to determine potential threats to populations and being assigned a unique identification code.
manage such threats over time.
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Data Analysis Where individuals had multiple lesion types, 
Analysis of Lesions—Only images of recognisa- they were listed in all respective categories. Any 
ble individuals within the HGCDC were included lesion which could not be confidently classified 
in this analysis to avoid false positive or negative was deemed inconclusive and removed from fur-
errors. Regardless of which body sectors were ther analysis. 
present in each image, only photographs which Lesions Per Body Sector—For each individual, 
displayed the dorsal fin were assessed to ensure the presence or absence of lesions on each body 
each image could be assigned to an individual in sector was given a binary weighting. When a sector 
the HGCDC. The number of images for each of contained one or multiple lesions, it was assigned 
the 12 predefined body segments (Figure 1) were a value of one. Sectors that did not contain lesions 
noted for each individual. For dolphins photo- were given a value of zero. This value represented 
graphed on multiple occasions, all images were the number of individuals with a lesion. 
screened for the presence/absence of a lesion Previous studies weighted each image by the 
over time. For example, if an individual exhib- percentage of an individual’s body sector that was 
ited no lesions on the first occasion but exhibited visible (Scott et al., 2005). For example, if more 
lesions on the second encounter, this individual than 75% was visible, the image was weighted as 
was recorded as showing the presence of a lesion, “1” (entirely visible); and if less than 75% of a 
regardless of the temporal variation. Likewise, body sector was visible, the image was weighted 
if an individual exhibited a lesion on the first as “0.5” (partially visible) (Scott et al., 2005). To 
occasion but the lesion had healed on the second improve precision further, the total number of 
encounter, this dolphin was still recorded as show- individuals with images for each body sector (i.e., 
ing the presence of a lesion. the denominator in the ratio used to determine a 

Screening involved examining digital images sectorʼs prevalence of lesions) was calculated to 
with the naked eye using Adobe Photoshop CS5 account for sectors only partially visible in a pho-
(Adobe Systems Incorporated, 2010) to identify tograph. This was determined by the proportion of 
which lesions were present/absent. Once a lesion the sector that was visible from all images of that 
was identified, it was assigned to the appropri- individual. To illustrate, if a lesion was visible in 
ate body sector (Scott et al., 2005; Marley et al., an image, that image was scored as “1,” indicat-
2013; Figure 1), and the total number of lesions ing certainty that a lesion was present (regard-
per body sector were noted. less of the percentage of the body sector visible). 

Lesion Classification and Prevalence—A lesion However, if no lesion was visible, the individual 
was defined as any abnormality in the gross appear- was weighted by the proportion of the body sector 
ance of body tissue (Lane et al., 2008). For the pur- that was visible. For example, if an individual 
poses of the present study, physical injuries, wounds, had five images depicting the head, and these five 
skin lesions, and epidermal conditions were all con- images visibly encompassed 70% of the head, it 
sidered as lesions. Lesions were classified into 12 was scored as 0.70. The weights of each sector 
categories according to descriptions developed for were summed to determine the equivalent number 
the present study and from gross morphology or of images for each body sector, referred to as the 
images in the published literature (Table 1). cumulative number of images. The prevalence of 

Figure 1. Common dolphin (Delphinus sp.) with the distinct body sectors for analysis of lesions (modified from Scott et al., 
2005; Marley et al., 2013) defined
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Table 1. Lesions on common dolphins (Delphinus sp.) photo-identified between January 2010 and December 2013 in the 
Hauraki Gulf (HG), New Zealand; ovals/arrows highlight areas with lesions (adapted from Flom & Houk, 1979; Bardale, 
2011; Harrison, 2012; Moore & Barco, 2013; Luksenburg, 2014; Roe, unpub. data).

Category Description Image

(1) Scars Fibrous tissue, covered by epithelium, (i) (ii)
which can result from the healing 
of a wound. Subcategories include 
(i) unidentified scar and (ii) shark scar, 
which were either caused by (1) an 
unidentified shark (scar with deep and 
wide spaced tooth rakes or a crescent-
shaped scar with or without tooth rakes) 
or (2) a cookie cutter shark (Isistius (iii)
sp.) (small-, circular-, oval-, elliptic-, or 
conical-shaped scar).

(2) Indentations (i) Indentations do break the surface of (i) (ii)
and the epidermis, causing the development 
impressions* of fibrous tissue (and, therefore, 

includes scratches or rake marks); and 
(ii) impressions do not break the surface of 
the epidermis and usually occur from an 
object being wrapped around leading and/
or trailing edges of a fin, flipper, or fluke. 

(3) Cut-like Cut-like indentation (or laceration) resulting in a tear of the epidermis. (i)
indentations** Includes straight, curved, or semi-curved incisions, cuts, or slashes of 

variable lengths. 

(4) Full Wounds of the dorsal fin which extend (i) (ii)
thickness deeper than the epidermis. Subcategories 
wounds of the include (i) linear severed (cleanly 
dorsal fin** severed/amputated part of the dorsal fin); 

(ii) non-linear severed/amputated part of 
the dorsal fin with irregular borders—the 
severed part is one notch being > 5% deep 
and situated towards the centre of the tip 
of the dorsal fin; and (iii) straight, deep (iii)
cuts (v-shaped cut of the dorsal fin that is 
deeper horizontally than vertically).

(5) Hyper- Section of the epidermis that is darker (i) (ii)
pigmented than the surrounding skin without a light 

border. Lesions are flat, may be poorly or 
well-defined, and of any size. Subcategories 
include (i) hyper-pigmented, small, focal 
lesions (dark, circular, small lesions); and 
(ii) hyper-pigmented, large, clumped lesions 
(dark, clumped lesions of variable sizes).



268 Hupman et al.

(6) Hypo- Section of the epidermis that is lighter than the surrounding skin and  
pigmented does not have dark border/bands of hypo-pigmentation. Lesions are  

flat, may be poorly defined, and of any size.

(7) Targetoid Small (< 3 cm), circular, oval, or irregu- 
lar lesions, with dark- or light-fringed 
borders, either flat or slightly raised. 
Subcategories include (i) targetoid, 
light-fringed (light-fringed border); and 
(ii)  targetoid, dark-fringed (dark-fringed 
border). 

(i) (ii)

(8) Concentric Lesions with a circular, scalloped edge of alternating concentric bands  
rings of hyper- and hypo-pigmentation with a black punctiform centre

(9) Tattoo-like Well-defined lesions with “the appearance of a tattoo,” which can be 
slightly depressed and reach > 10 cm in size

(10) Yellow/ Abnormal yellow/orange discolouration of the epidermis where the skin 
orange remains intact
discolouration

(11) Depressed Depressed or sunken lesions, which may include ulcers, erosions, and 
and sunken healed, contracted scars

(12) Raised  Raised lesions, which can include lesions that are nodular/vesicular, 
and  multinodular, or plaques
proliferative

*Indentations and impressions were grouped as one category due to the difficulty of determining via photo-ID whether the 
epidermis was broken. 
**Represents categories which only relate to the dorsal fin. 
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lesions for each body sector was further calcu-
lated by dividing the number of individuals with 
a lesion by the cumulative number of images for 
each body sector. This number, given as a percent-
age, represented the lesion ratio.

Dorsal Fin Lesions—Only individuals which 
were marked (i.e., exhibiting nicks or notches) 
were able to be catalogued. For all catalogued 
individuals, we assessed if there was a difference 
in the prevalence and/or depth of the nicks and 
notches on the leading and trailing edges of the 
dorsal fin.

For the purposes of this study, nicks and notches 
on the leading edge of the dorsal fin were consid-
ered as cut-like indentations regardless of their 
size. This is due to the sturdy structure of the lead-
ing edge resulting in an increased likelihood that 
such a lesion is a result of anthropogenic activi-
ties (Read & Murray, 2000). However, nicks and 
notches on the trailing edge were only considered 
as cut-like indentations when they were > 5% deep 
since such cuts are likely a consequence of conspe-
cific natural behaviour (Kügler & Orbach, 2014).

Nicks and notches were measured (both verti-
cally and horizontally) using ImageJ, Version 1.48 
(Abramoff et al., 2004). Herein, the relative depth 
of the nick/notch was determined by dividing the 
depth of the nick/notch by the total length of the 
base of the dorsal fin (as measured on an image; 
Luksenburg, 2014). The length of the dorsal base 
was measured between the anterior and posterior 
insertions of the dorsal fin (Luksenburg, 2014). 
Nicks and notches were categorised as occurring 
on the leading, trailing, or both edges and were 
classified as ≤ 5%, 5 to 10%, or ≥ 10% deep. A 
Fisher’s exact test was conducted to determine if 
there was a significant difference in the prevalence 
of nicks and notches between the leading and trail-
ing edges.

Results

A total of 233,624 images were taken between 
January 2010 and December 2013. Of these, 
30,918 images from 1,411 independent encoun-
ters were used for analysis. This resulted in a 
total of 2,083 unique individuals being catalogued 
(Table 2).

Of the 2,083 individuals, 1.1% (n = 23) dis-
played a lesion for which classification was 
inconclusive. Lesions were observed on 77.9% 
(n = 1,622) of individuals, with each individual 
exhibiting between one and ten types of lesions 
(Table 3).

Most lesions observed were represented by 
indentations and impressions (84.2%, n = 1,368), 
followed by cut-like indentations (54.1%, n = 
878), hyper-pigmented lesions (43.1%, n = 700), 

and hypo-pigmented lesions (37.4%, n = 607) 
(Table 4). Raised/proliferative lesions were the 
least observed (0.3%, n = 5) (Table 4). 

The highest (91.1%, n = 1,118) and lowest 
(7.1%, n = 2) percentage of lesions were observed 
on the anterior peduncle and the throat, respec-
tively (Table 5). A total of 82.7% of individuals (n 
= 1,336) exhibited lesions on dorsal fins (Table 5). 
No lesions were observed on the flukes (Table 5).

Individuals exhibited nicks and notches of vari-
ous sizes on both the leading and trailing edges 
(Figure 2), with a significant difference in preva-
lence between edges detected (Fisher’s exact test; 
p = 0.01; Figure 2).

Table 2. Summary of photo-ID effort and results for 
common dolphins (Delphinus sp.) conducted between 
January 2010 and December 2013 in the HG, New Zealand

Year

# photo-
ID 

surveys
Groups 

encountered

Total 
individuals 
identified

2010 43 88 141
2011 73 232 274
2012 140 450 574
2013 163 641 1,094
Total 419 1,411 2,083

Table 3. Numbers of lesions found on individual common 
dolphins (Delphinus sp.) (n = 2,083) between January 2010 
and December 2013 in the HG, New Zealand; the number 
of times lesions were not detected is represented in italics. 
The total is summed only for individuals with 1 to 10 
lesions (displayed in bold) to exclude individuals with no 
lesions detected.

Individuals 
# lesions n (%)

0 461 (22.1)
1 449 (21.6)
2
3
4
5
6
7
8
9

10

400 (19.2)
253 (12.1)
201 (9.6)
160 (7.7)
93 (4.5)
41 (2.0)
19 (0.9)
5 (0.2)
1 (0.0)

Total (1-10) 1,622 (77.9)
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Discussion

This study aimed to assess the viability of photo-
ID as a non-invasive tool to examine the preva-
lence of lesions on free-ranging gregarious del-
phinids. Herein, photo-ID was applied for the 
first time to assess common dolphin lesion preva-
lence. Through this examination, we were able 
to identify potential natural and anthropogenic 

pressures which may have affected this free-rang-
ing, gregarious delphinid. This study highlighted 
that photo-ID is a viable tool (1) to examine the 
prevalence of lesions on free-ranging, gregari-
ous delphinids and (2) to provide first insight into 
the natural and anthropogenic pressures affecting 
such populations. 

Prevalence of Lesions 
The prevalence of lesions for common dolphins 
identified within the HG (n = 2,083) was high 
(77.9%, n = 1,622). Comparisons to other world-
wide populations of free-ranging delphinids was 
impossible since all other studies of this species 
within the literature report only from postmortem 
observations. However, in a more comparable 
study of Taiwanese humpback dolphins (Sousa 
chinensis taiwanensis), 37.1% of individuals 
exhibited lesions which were likely caused by 
local environmental factors (e.g., water qual-
ity, temperature, and salinity) and anthropogenic 
impacts (Yang et al., 2013). Prevalence of lesions 
in free-ranging bottlenose dolphins has been 
reported between 38% in the northwest Atlantic 
(Burdett Hart et al., 2012) to 100% in Cornwall, 
England (Wilson et  al., 1999). For these afore-
mentioned populations, factors, including sea-
sonal or environmental fluctuations, disease and 
infections, vitamin deficiencies, parasites, anthro-
pogenic pollutants, diatom growth, ultraviolet 
radiation, habitat degradation, and pollution, were 
suggested as possible causes. As 77.9% of cata-
logued common dolphins examined within the 
HG exhibited various forms of lesions, this preva-
lence is comparable to the coastal populations of 
cetaceans described previously.

Of all categories of lesions observed in this 
study, the highest prevalence was represented 
by indentations and impressions (84.2%, n = 
1,368). To the contrary, 3.3% of Atlantic spot-
ted dolphins (Stenella frontalis) in the southern 
Caribbean exhibited indentations (Luksenburg, 
2014). However, large variation in prevalence is 
likely due to the inclusion of rake marks within 
the indentation and impression category for the 
present study; whereas Luksenburg (2014) cat-
egorised rake marks separately from all other 
lesions. In the present study, rake marks were 
often too problematic to reliably differentiate 
from other impressions. This was primarily due 
to the difficulty in determining lesion depth into 
the epidermis (i.e., whether the epidermis was 
broken) from photo-ID data alone. Therefore, a 
conservative approach was implemented by clas-
sifying any form of impression or indentation into 
a pooled category. 

Table 4. Types and subtypes of lesions (totals in bold) 
found on individual common dolphins (Delphinus sp.) 
observed between January 2010 and December 2013 in 
the HG, New Zealand; the total number of individuals with 
lesions and/or deformities was 1,624. Note: Individuals 
may be included in multiple categories.

Type Subtype
Individuals 

n (%)

(1)   Scars Unidentified scar 198 (12.2)

Shark scar 5 (0.3)

203 (12.5)

(2)   Indentations and 
impressions

-- 1,368 (84.2)

(3)   Cut-like 
indentations

-- 878 (54.1)

(4)   Full thickness 
wounds of the 
dorsal fin

Linear, severed 
dorsal fin

50 (3.1)

Non-linear, 
severed dorsal fin

46 (2.8) 

Straight, deep cut 17 (1.0)

113 (7.0)

(5)   Hyper-pigmented Small, focal 
lesions

251 (15.5)

Large, clumped 
lesions

449 (27.6)

700 (43.1)

(6)   Hypo-pigmented -- 607 (37.4)

(7)   Targetoid White-fringed 322 (19.8)

Black-fringed 133 (8.2)

455 (28.0)

(8)   Concentric rings -- 58 (3.6)

(9)   Tattoo-like -- 31 (1.9)

(10)  Yellow/orange 
discolouration

-- 214 (13.2)

(11)  Depressed/sunken -- 6 (0.4)

(12)  Raised/
proliferative

-- 5 (0.3)
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Potential Natural and Anthropogenic Pressures (Stockin et al., 2008b), it is possible that fluctua-
Identified via Photo-ID tions in temperature could be a cause of lesions 

Inter- and intraspecific interactions have been on common dolphins within this region. Likewise, 
reported for a number of cetaceans (Scott et al., pressure can be placed on cetacean populations 
2005; Steiger et al., 2008; Dwyer & Visser, 2011; by infectious origins which may be caused by 
Marley et al., 2013). Considering the social nature impaired immune systems (Harzen & Brunnick, 
of Delphinus (Bruno et al., 2004; Hupman, 2016), 1997; Reif et al., 2009), vitamin deficiencies 
inter- and intraspecific interactions are a likely nat- (Manton, 1975), reactions to parasites (Fraser 
ural pressure affecting common dolphins within & Mays, 1986), diatom growth (Denys, 1997), 
the HG. Common dolphins have been reported excessive exposure to ultraviolet radiation (Geraci 
to conduct aggressive behaviours, some of which et al., 1986), and jaundice (Fraser & Mays, 1986). 
have caused wounds on conspecifics (Neumann, While such origins cannot be confirmed to affect 
2001). Interspecific interactions may also occur common dolphins within the HG, they remain 
within the HG as bottlenose dolphins are regularly possible causes of lesions identified in this study.
encountered within this region (Berghan et al., Fishing interactions have been identified as 
2008; Dwyer et al., 2014) and have been previ- an anthropogenic pressure affecting many ceta-
ously reported as aggressive to other delphinids cean populations worldwide (Jefferson & Curry, 
worldwide (Jepson & Baker, 1998; Barnett et al., 1994; Kuiken et al., 1994; Kirkwood et al., 1997; 
2009). Likewise, interactions with unidentified Donaldson et al., 2010). The greatest fisheries 
sharks and/or cookie cutter sharks (Isistius sp.) pressure to common dolphins in New Zealand 
are reported herein. This is expected considering waters is midwater trawling, a fishing method 
the many shark species reported as predators of used to capture jack mackerel (Trachurus spp.) 
common dolphins within New Zealand waters off the west coast of the North Island (Du Fresne 
(Stockin et al., 2008b) and considering the number et al., 2007; Rowe, 2007; Stockin & Orams, 2009; 
of shark species which inhabit the HG (Francis & Thompson et al., 2013). While common dol-
Ó Maolagáin, 2000; Kendrick & Francis, 2002; phins are the most frequently bycaught cetacean 
Francis, in press). in the New Zealand commercial trawl fisheries 

Environmental conditions, such as fluctuations (Thompson et al., 2013), no studies have exam-
in water temperature, are another natural pressure ined the effects of fishing operations in the HG. 
which can affect cetaceans (Burdett Hart et al., Despite this, a previous study examining mortality 
2012). As common dolphins occur at tempera- of common dolphins between 1998 and 2008 in 
tures ranging between 12.0 and 25.6º C in the HG New Zealand waters reported 28% of individuals 

Table 5. Number of individuals with lesions, the cumulative number of images, and the lesion ratio for each body sector 
of common dolphins (Delphinus sp.) (n = 2,083) photographed between January 2010 and December 2013 in the HG, 
New  Zealand. The lesion ratio was calculated by dividing the number of individuals with a lesion by the cumulative number 
of images for each body sector.

Body sector
# individuals 
with lesions

# cumulative images 
of body sector

Lesion ratio 
(%)

Jaw 18 86.7 20.8

Head 81 230.6 35.1

Throat 2 28.4 7.1

Anterior 837 1,006.2 83.2

Chest 17 37.4 45.5

Dorsal fin 1,336 1,615.8 82.7

Mid-flank 899 1,153.0 78.0

Belly 93 169.8 54.8

Anterior peduncle 1,118 1,226.6 91.1

Ventral peduncle 71 110.8 64.1

Posterior peduncle 592 676.0 87.6

Flukes 0 10.7 0.0
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exhibited evidence of set net entanglement of Human-induced environmental stressors (e.g., 
which some individuals were recorded within the poor water quality, inadequate water filtration, 
HG (Stockin et al., 2009). This indicates that fish- and/or environmental contaminants) are known to 
ing interactions have previously occurred in the cause increased stress levels (Geraci et al., 1979; 
HG and may continue to affect Delphinus popula- Johnson & McCrea, 1992; Fair & Becker, 2000; 
tions in this region. Wright et al., 2008) and the promotion of infec-

Vessel interactions are another anthropogenic tions (Murdoch et al., 2008; Van Bressem et al., 
pressure within the marine environment (Baird 2009a, 2009b; Bessesen et al., 2014) in cetacean 
& Gorgone, 2005; Van Waerebeek et al., 2007). populations. Within the HG, water quality has 
Such interactions can cause infection following been affected by increased nutrient loads through 
such trauma (Kompanje, 1995). Records of inju- wastewater discharges, fertiliser application, and 
ries and mortality caused by vessel interactions livestock effluent (The Hauraki Gulf Forum, 
have been previously reported in the HG for bot- 2014). Nitrogen loads in this region are among the 
tlenose dolphins (Dwyer et al., 2014) and Bryde’s highest in New Zealand as the highest amount of 
whales (Balaenoptera edeni/brydei; Stockin et al., livestock per ha is found within the Hauraki Plains 
2008c; Constantine et al., 2015), and indeed for (The Hauraki Gulf Forum, 2014). While the full 
common dolphins (Stockin et al., 2008b; Martinez effects of human-induced environmental stressors 
& Stockin, 2013). Such vessel interactions in the in the HG remain unknown, it is possible that they 
HG are to be expected considering that common affect common dolphins in this region.
dolphins occupy relatively shallow waters (7 to 
52 m; Stockin et al., 2008b) and the high level of Limitations
marine traffic within this region (Stockin et al., While photo-ID is a useful non-invasive tech-
2009; Bassett et al., 2016). nique to investigate the prevalence of lesions, this 

Figure 2. Percentage of common dolphin (Delphinus sp.) individuals exhibiting dorsal fin nicks/notches of different depths 
(< 5%, 5 to 10%, and > 10%; nick/notch depth is a percentage of the base of the fin) and on different parts of the dorsal fin 
between January 2010 and December 2013 in the HG, New Zealand
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methodology limited certainty of aetiology from human-induced environmental stressors. Future 
photographic data alone. For example, one limita- studies should be conducted across different 
tion was that rake marks (a form of indentation) temporal and spatial scales and assess variability 
were often too unreliable to confidently differ- across different age classes.
entiate from any other form of impression based 
on photo-ID data alone. This resulted in the pool- Acknowledgments
ing of data and the overinflation of indentations 
reported due to the inclusion of  rake marks. This project was funded by the Department of 
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