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Abstract

Knowledge of abundance and survival of humpback whales, white-beaked dolphins and minke
whales are essential to manage and conserve these species in Icelandic coastal shelf waters. Our
main goal was to test the feasibility of employing inexpensive research methods (data collected by
trained-scientist volunteers onboard opportunistic vessels) to assess abundance and apparent
survival. No previous studies in Iceland have investigated these two demographic parameters in
these three cetacean species using open capture-recapture models accounting for imperfect and
possibly heterogeneous detection. A transient effect was accounted for whenever required to
estimate the population of resident individuals. Identification photographs were collected by
scientist-trained volunteers for 7 years (2006-2013) from onboard commercial whale-watching
vessels in the coastal waters of Faxafloi (southwest coast, ~4,400 km?) and Skijalfandi (northeast
coast, ~1,100 km?), Iceland. We estimated an average abundance of 83 humpback whales (Mn; 95%
confidence interval: 54-130) in Skjalfandi; 238 white-beaked dolphins (La; [163-321]) in Faxafloi
and 67 minke whales (Ba; [53-82]) in Faxafloi and 24 (14-31) in Skjalfandi. We also found that
apparent survival was constant for all three species (Mn: 0.52 [0.41-0.63], La: 0.79 [0.64-0.88],
Ba-Faxafloi: 0.80 [0.67-0.88], Ba-Skjalfandi: 0.96 [0.60-0.99]). Our results showed inter-annual
variation in abundance estimates which were small for all species, and the presence of transience for
minke whales. A significant increase in abundance during the study period was solely found in
minke whale data from Skjalfandi. Humpback whales and white-beaked dolphins showed lower
apparent survival rates compared to similar baleen whale and dolphin populations. Our results show
data collected by trained-scientist volunteers can produce viable estimates of abundance and
survival although bias in the methods we employed exist and need to be addressed. With the
continued increase in anthropogenic pressures on our three target populations in these regions our
results can be used by relevant stakeholders to develop appropriate conservation strategies in the

region.
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1. Introduction

For management and conservation purposes, it is crucial to gather information about
abundance, survival, movement and distribution of free-ranging cetacean populations (Silva et al.,
2009; Dick et al., 2011). As it has been suggested in other studies (e.g. Parra et al., 2006; Papale et
al, 2016), estimates of abundance and survival as well as existing information on movement
patterns can be also used to start managing all sources of anthropogenic pressure cetacean species
confront. To obtain these estimates it is paramount that a large amount of data is collected across
many years, which can be costly (Kaufmann et al., 2011; New et al., 2015). Several research
projects monitoring cetaceans around the world have opted for citizen science as an inexpensive
way to collect and analyze data relying on the help of ‘non-scientific members’ (Silvertown, 2009)
of the general public, or ‘non-specialist volunteers’ (Bruce et al, 2014). For cetacean research,
citizen science has been used in several studies investigating occurrence, habitat use (Bristow et al.,
2001), abundance and distribution (Bruce et al., 2014), with data collected from land or from boats,
either research or opportunistic. Data have also been collected by ‘experienced volunteers’
(Newman et al, 2003) and ‘trained scientists’ (Higby et al, 2012) who both have a scientific
background and to whom training is provided, which were both found to reduce bias during data
collection and analysis (summarized in Thiel et al, 2014). Volunteers are asked to photograph
animals using the photo-identification technique (Wursig & Wirsig, 1977) and the photos are
processed in order to get individual resightings using natural markings. These data are then
analysed using standard capture-recapture (CR) methods to estimate abundance and demographic
parameters.

Minke (Balaenoptera acutorostrata) and humpback whales (Megaptera novaeangliae) are
commonly sighted in Icelandic waters from March to November and occasionally in the winter
(Bertulli et al., 2013; MagnUsdéttir et al., 2014) while white-beaked dolphins (Lagenorhynchus

albirostris) occur all year long (Vikingsson & Olafsdottir, 2004). Previous studies also revealed that



all species display site fidelity, although the majority of individuals are highly mobile, sighted only
once, and spend part of their time travelling outside of our study areas (Bertulli et al., 2013, 2015).
Using aerial surveys conducted during the month of July and covering coastal waters <600m
(Gunnlaugsson et al., 1988), the abundance of minke whales was estimated to be 43,633 (95%
confidence interval [CI]: 30,148-63,149) in 2001, 18,262 (7,381-24,919) in 2007, and 9,588
(5,274-14,420) in 2009 using cue-counting procedures (Pike et al., 2009, 2011; Borchers et al,
2009). The only abundance estimate for white-beaked dolphins in Icelandic waters using aerial line
transect methods dates back to 2001 (North Atlantic Sighting Surveys conducted from 1986-2001),
resulting in an estimated 31,653 animals (17,679-56,672) (Pike et al, 2009) although a small
number of other dolphin species may be included in this count. Additionally, in 2001 4,928 (1,926—
12,611) humpback whales were estimated (Pike et al, 2009) with 586 individuals recorded in the
coastal waters of the northeast shelf that includes Skjalfandi (Block 4, 175 — 1,956). In Icelandic
waters, humpback whales, white-beaked dolphins and minke whales are also subject to various
pressures related to whale-watching (Christiansen et al., 2015), fishery (Vikingsson & Olafsddttir,
2004; Basran, 2014), whaling activities (Marine Research Institute, 2014) as well as changes in the
marine coastal environment (Vikingsson et al., 2015), all of which have been reported in both our
study areas (see Discussion below).

Previous studies have shown that photo-identification is a suitable method to identify our
three Icelandic cetacean species (Bertulli et al., 2013; 2015), but to date no other studies presenting
abundance and survival estimates using CR methods and trained-scientists volunteers exist for this
area. We wish to address these knowledge gaps by answering the following questions: (1) Can data
collected by trained-scientist volunteers onboard opportunistic vessels be used to estimate cetacean
abundance and survival? (2) How do our estimates of apparent survival compare with those of
humpback whale, white-beaked dolphin and minke whale found outside of Iceland? 3) What is the
short term stability of the three Icelandic populations? 4) Do these populations show any evidence

of ‘transience’? (ie. ‘transience’ occurs when whales are traversing an area only once with no



further chances to be encountered or sighted again (Pradel et al, 1997) This is the first study
presenting capture-recapture abundance and survival estimates of humpback whales, white-beaked
dolphins and minke whales from Iceland, using data collected by trained-scientist volunteers
onboard opportunistic vessels. Our goal here was to study the feasibility of capture-recapture

abundance and survival estimation using a new inexpensive method involving these volunteers.

2. Material and Methods

2.1 Study area

The study areas including the coastal waters of Faxafloi (64°24°N, 22°00°W; ~4,400 km?)
and Skjalfandi (66°05°N, 17°33°W; ~1,100 km?) have been previously described by Bertulli et al.
(2012). Both bays are approximately 600 km apart and located in the southwest and northeast of

Iceland, respectively (Fig. 1).

2.2. Sampling methods

From 2006 to 2013, non-systematic and opportunistic boat surveys were conducted onboard
motor whale-watching vessels (20-26 m in length) in sea state of zero to three on the Beaufort scale.
Each boat survey lasted approximately 3 hours and covered morning, afternoon or evening hours
due to the high latitude of the study sites. When possible, vessels would run parallel to whales and
dolphin groups, allowing researchers to systematically shoot the entire surfacing pattern of each
randomly encountered individual, with no preference given to marked animals over unmarked

animals.
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Figure 1. Map of the study area showing Faxafloi (b) and Skjalfandi (c), Iceland. Sub-panels show
the density of observations made within the two areas; surveys were conducted within light grey

areas.

2.3 Photo-identification

One to a maximum of four observers, usually the principle investigator and three scientist
volunteers, were part of the photo-identification team onboard survey vessels in Faxafiéi and

Skjalfandi. Volunteers underwent a selection process, and individuals with scientific background,



preferably with previous cetacean research and good photographic skills were chosen. Training was
provided by the principal investigator (CGB or MHR) on board, to teach scientist volunteers
individually how to collect photo-id images. Volunteers were also followed in data entry and given
lectures and materials (e.g. publications, reports) on studied species and field techniques used. A
range of DSLR cameras was used in both study areas, with zoom lenses ranging from 55-200mm to
70-300 mm for Faxafl6i and 28-135 mm to 40-150 mm for Skjalfandi. Images were taken in both
JPG (300 pixel/inch) and RAW formats.

A grading system of quality (Q1-Q6; Figure 1 in Gowans & Whitehead, 2001; Figure 1 in
Rosso et al, 2011) and distinctiveness (D1-D4; Table 1 in Zaeschmar et al, 2014) was used to
evaluate photographs. Images rated Q>5 of adult only, and with ‘distinctive’ and ‘very distinctive’
fins were considered suitable for the analysis (Gowans & Whitehead, 2001, Zaeschmar et al., 2014).
Adults were defined based on the estimated body length of each individual and their behaviour
towards conspecifics (humpback whale: length at maturity of 11.6-12 m, Vikingsson, 2004b; white-
beaked dolphin: 2.6-2.8 m, Vikingsson & Olafsdottir, 2004; minke whale: 6.5-7.5 m, Vikingsson,
2004a). In order to avoid misidentifications (e.g. false negatives) with minke whales and white-
beaked dolphins, dorsal fin outline marks and injury marks were used as the only primary features
as they were found to be both stable and long-lasting identification marks for each species (Bertulli
et al., 2016). Linear marks for white-beaked dolphins and bite marks for minke whales were used as
secondary features, since they were found to be reliable marks for recaptures spanning 5 and 8 years
respectively (Bertulli et al, 2016). Humpback whales were primarily identified using pigmentation
patterns on the ventral side of their flukes (Katona et al., 1979) and the presence of notches in the
dorsal fin edge, and injury marks on flukes, flanks, and/ or dorsal fin as secondary features. Photo-
id images were matched in chronological order of collection to detect any change of outline and
body marks owver time. Using the 2008-2013 data sets, proportions of identifiable individuals per

group were calculated to estimate coverage.



2.4 Capture-recapture analysis

We used the year as a time unit utilizing 2008-2013 for white-beaked dolphins and minke
whales in Faxafldi, 2006-2013 in Skjalfandi for humpback whales and 2008-2013 for minke
whales. Each year was made of 5 months in each bay (April to August in Faxafioi, May to
September in Skjalfandi; see Table 1 for total number of days and associated sighting frequency for
each species), which for each species corresponded to the period with the highest number of
captures (e.g. Alves et al., 2014). By doing so, an occasion (a year made of a 5-month period) was
relatively short compared to the interval between occasions, which however made it impossible to
define secondary occasions and therefore to apply the Pollock’s closed robust design (Pollock,
1982) for the analysis. Because mortality could occur over the study period, we resorted to
Cormack-Jolly-Seber (CJS) open-population models (Lebreton et al., 1992) to estimate abundance
while accounting for apparent survival (the product of true survival and fidelity, hereafter as
‘survival’); ¢) and the recapture (p) probabilities that may be less than 1. We considered constant or
time dependent effects on these parameters, resulting in four different models: (1) both ¢ and p
constant over time; (2) ¢ constant and p time-dependent; (3) ¢ time-dependent and p constant; and
(4) both ¢ and p time-dependent.

RMark (Laake, 2013) was used for model fitting, U-CARE (Choquet et al., 2009) for
assessing model quality of fit (Pradel et al, 2005). Regarding the latter, a P value > 0.05 would
mean that the null hypothesis ‘the CJS model fits the data well’ cannot be rejected. While trap-
dependence was not detected for any of the three species, we detected a transient effect for both
populations of minke whales (see Results), which was incorporated following Pradel et al. (1997)
by using a two-age class for survival. Individuals that were sighted only once were part of the first
age-class (transients were included in this class) while all the others were part of the second. The
age in CR analysis was considered as the time passed since the animal was first sighted (Ramp et
al, 2006; Madon et al., 2012). The proportion of transients was estimated and the abundance

estimate amended accordingly (Madon et al, 2012). To test and account for the presence of



heterogeneity in the detection process, we used CR mixture models (Pledger et al., 2010) in which
animals belong to different classes of detection in proportions to be estimated. To determine the
most parsimonious model, the model with the lowest AICc score (Akaike Information Criterion
corrected for small sample sizes; Burnham & Anderson, 2002) was selected. The selected model
was then used in a bootstrap procedure (with 500 iterations) to calculate 95% confidence interval
for population size (Cubaynes et al, 2010). The R code is available from GitHub at
https://github.com/oliviergimenez/abundance_estimation. To assess trends in abundance, we
performed weighted linear regressions of the estimated parameters over time, using the inverse of
the squared bootstrapped standard deviation as the model weight. For minke whales, data from both
Faxafloi and Skjalfandi were used, and each bay was considered separately to calculate abundance.
Two minke whales (DEM72 sighted 2 times, DEM217 sighted 7 times) were resighted between
bays but they were only considered as part of the Faxafloi population, as they were sighted more
often there. Due to the low number of exchanges between bays made by these two whales, no
movement probabilities could be estimated (Lebreton et al., 2009). For white-beaked dolphins, only
data from Faxafloi were used, because only three individual dolphins were resighted in the other
bay. For humpback whales, only data from Skjalfandi were used, because only five individuals
were resighted in Faxafloi.

Histograms of capture frequencies were produced to show how much heterogeneity was
present in the data. Humpback whales, white-beaked dolphins and minke whales were allocated to
one of four categories by estimating the number of times they were recaptured: (1) ‘common’ >12

times; ‘frequent’ 8-11 times; ‘occasional’ 4-7 times; and ‘rare’ <3 times (Culloch, 2004).

2.5 Open capture-recapture models

To avoid introducing bias in estimates of abundance, survival and recapture probability
using capture-recapture methods, it is vital that model assumptions are met. In this study, open

model (CJS) assumptions (Hammond, 1986; Lebreton et al, 1992) were the following (see also



paragraph 4.1.1 in Discussion): (1) natural marks carried by whales and dolphins during this study
should not be lost or missed, (2) natural marks carried by all individuals should be accurately
recognized during recaptures, (3) individuals should be released quickly after being captured, (4)
sampling sessions should be of shorter duration compared to total duration of the sampling period,
(5) all alive marked whales and dolphins available on each sampling occasion should have equal
capture probabilities, (6) and survival probabilities. Permanent emigration (e.g. population increases
or decreases) are allowed in open population models differently from closed one (Lebreton et al.,

1992; Williams et al., 2002).

The first open-model population assumption states that natural marks carried by whales and
dolphins during this study should not be lost or missed. To validate this assumption, strict quality
controls were adopted during data analysis, and the only photo-ID images used to identify whales
and dolphins were of very high quality (Q>5) and of distinctive fins (D1-D2). Additionally, the only
natural marks used to identify individuals were those with low loss and gain rates, as stable marks
do not allow for misidentifications (e.g. Urian et al., 2015). Bias in abundance estimates produced
in this study might be present due to the choice to discard unmarked individuals. Photo-id images
were limited to individuals with distinctive fins or flukes so abundance estimates pertain to the
number of residents ~with distinctive marks and consequently our numbers are likely
underestimating the true measure for each species. Our current estimates were also not produced
using images of individuals with no marks or short-lasting marks into account, so including them in
future analysis might help to contextualize our current results.

The second assumption suggests that natural marks carried by all individuals should be
accurately recognized during recaptures. To validate this assumption and minimize human errors in
matching dorsal fins and flukes over the years, regular checks were conducted only by the most

experience researchers (CGB or MHR; e.g. Urian et al., 2015, Santostasi et al., 2016).



The third assumption states that individuals should be released quickly after being captured.
Animals were not physically removed during each photographic session but simply captured in a
photo-identification image (e.g. Silva et al, 2009). The time spent photographing whales and
dolphins was much shorter in duration compared to the time spent searching for animals in between
photographic sessions, so this assumption was respected.

The fourth assumption (e.g. sampling sessions are of shorter duration compared to total
duration of the sampling period) was also met having sampling occasions of 5 months, of much
shorter duration compared to the interval between occasions (7 months).

To verify the fifth and sixth assumptions (e.g. all alive marked whales and dolphins
available on each sampling occasion should have equal capture probabilities, and survival
probabilities) were met, trap-dependence and transience were tested. Transience was accounted for
while estimating abundance and survival using a two-age class on survival (Pradel et al., 1997).
Equal recapture probabilities were partially met (and trap-dependence was not significant), because
mixing between sampling periods occurred, with individuals in all our three populations observed
leaving our study areas for some time to then return sometime later. However, movements outside
of our bays show that some individuals have home ranges that extended beyond areas of our survey
effort (e.g., Gilroy et al., 2012), making them unavailable for capture during this study. Presence of
heterogeneity in the detection process could introduce bias but it was dealt with the use of CR
mixture models (see Material and Methods). The assumption of equal survival probability was not
likely achieved in this study because commercially hunting (of minke whales) and illegal (of white-

beaked dolphins) hunting occurring in Icelandic coastal shelf waters.



Table 1. Annual effort spent for each species (MW = minke whale, WBD = white-beaked dolphin,
HW = humpback whale) in each site (F = Faxafidi, S = Skjalfandi) from 2008 (2006 for humpback

whale) to 2013.

Species- 2006 2007 2008 2009 2010 2011 2012 2013 Total
Site
HW-S
11 02 12 02 17May 06 May 02 May 03
May May May May — - — May-
Capture _ _ _ _
occasion 29 Sept 06 Sept 30 Sept 29
03 19 15 20 Sept
Sept  Sept  Sept  Sept
Days 62 77 52 56 23 59 100 114 543
Trips 67 77 57 65 30 99 121 201 717
Sightings 126 112 87 117 34 134 369 613 1592
Obs. 58 56 41 47 17 75 95 163 552
time
WBD-F
- - 21 14 07 Apr 02 Apr 01 Apr O01Apr
Capture Apr— AQrs - B B B
occasion 25 19 30Aug 31Aug 30Aug 28
Aug  Aug Aug
Days - - 65 21 17 17 23 33 176
Trips - - 82 59 52 48 55 59 355
Sightings - - 48 26 19 20 29 42 184
Obs. - - 24 19 12 13 19 33 120
time
MW-F
- - 21 14 07 Apr  02Apr 1Apr— O01Apr
occasion 25 19 30Aug 31 Aug 28
Aug  Aug Aug

Days - - 57 78 75 75 109 87 481
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3. Results

3.1 Humpback whales

A cumulative number of 195 individual adult humpback whales were photo-identified
between 2006 and 2013 (Fig. 2) in Skjalfandi, with 78% (n = 153) of individuals photographed
more than once and 26% (n = 51) photographed across multiple years. A total of 1354 humpback
whale groups (2006-2007 groups were not included in these calculations because data were not
available) were encountered. Photographs quality rated Q5 or higher of 195 individuals were taken
for 63% (n = 859) of these groups. A total of 96% (n = 826) of these groups had 50% or more
individuals identified within each group. The recapture frequencies of the 195 marked humpback
whales ranged from 1 to 61 with a median of 4 recaptures and an interquartile range (IQR) between
2 and 8 (Fig. 3). Following Culloch (2004), 48% of identified individuals were ‘rare’ (n = 93), 28%
(n = 55) were ‘common’ to ‘frequent’, and 24% were ‘occasional’ (n = 47). In Skjalfandi we found
an appropriate fit of the CJS model to the data (x> = 14.0, df = 18, P = 0.73). The best model
retained constant survival and time-dependent recapture probability (2nw, Table 2). Models
assuming homogeneity in the detection process were uniformly better supported than their
heterogeneous counterpart (Table 2). The estimated constant survival was 0.52 (0.41-0.63, SE =
0.06). The highest detection probability was recorded in 2013 (0.83, SE = 0.17) and the lowest in
2008 (0.15, SE = 0.10), with an average estimate of 0.52 (SE = 0.06, Fig. 4). On average, we
estimated a total abundance of 83 humpback whales in Skjalfandi (54—130). The annual abundance
varied from 35 whales in 2007 (95% CI: 17-65, SD = 8) to 134 in 2012 (95% CI. 80-267, SD = 29,

Fig. 5a). There was no significant trend in the abundance estimates during this time.
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Figure 2. Summary of discovery curves (cumulative number of newly identified and catalogued
whales and dolphins each year) of marked adult (a) humpback whales from Skjalfandi (continuous
line with empty circles), (b) white-beaked dolphins from Faxafloi (dotted line with full circles) and
(c) minke whales from both bays (dotted line with empty triangles for Faxafioi; dashed line with

full squared for Skjalfandi), in each year (2006-2013).
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Table 2. AICc scores for the four models (1-4) for each species. AIC.(1) without heterogeneity,
AIC.(2) with heterogeneity. HW = humpback whale, MF = minke whale, Faxafléi, MS = minke

whale, Skjalfandi, WBD = white-beaked dolphin. The best model for each species is in bold font.

Model Survival Recapture AIC(1) AIC(2)
probability probability
1hw Constant Constant 317.43 349.79
2Hw Constant Time 311.35 348.76
3Hw Time Constant 313.14 354.45
dpw Time Time 322.06 369.70
Imwr Transience Constant 480.63 482.67
2MWF Transience Time 486.80 488.85
3MWF Transience + Time Constant 485.20 487.24
AmwE Transience + Time Time 493.25 495.26
Ivws Transience Constant 134.57 136.70
2Mws Transience Time 143.78 145.80
3mws Transience + Time Constant 135.10 137.11
dmws Transience + Time Time 142.80 144.32
lwep Constant Constant 218.64 220.67
2wBD Constant Time 223.49 225.48
3weD Time Constant 223.73 225.72

4wep Time Time 231.63 233.50
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3.2 White-beaked dolphins

A cumulative number of 216 individual adult white-beaked dolphins were photo-identified
from 2008 to 2013 (Fig. 2) in Faxafloi, with 37% (n = 79) of individuals photographed more than
once and 22% (n = 48) photographed across multiple years. A total of 184 white-beaked dolphin
groups were encountered. Photographs quality rated Q5 or higher of 216 individuals were taken for
41% (n = 76) of these groups. A total of 20% (n = 15) of these groups had 50% or more individuals
identified within each group. The recapture frequencies of the 216 marked white-beaked dolphins
ranged from 1 to 9 with a median of 1 recapture an interquartile range (IQR) between 1 and 2 (Fig.

3). Following Culloch (2004), 91% of identified individuals were ‘rare’ (n = 197), while 0.5% (n =



1) were ‘common’ to ‘frequent, with no ‘occasional’ (n = 0). In Faxafloi, we found that the CJS
model fitted the data well (x* = 21.3, df = 12, P = 0.05). To account for possible lack of fit, we used
a coefficient of overdispersion of 1.8 (calculated as the ratio between the value of the owverall
goodness-of-fit test statistic and the number of degrees of freedom, here 21.3/12). The best CJS
model retained constant survival and recapture probabilities (1wsp, Table 2). Models assuming
homogeneity in the detection process were uniformly better supported than their heterogeneous
counterpart (Table 2). The estimated constant survival was 0.79 (0.64-0.88, SE = 0.04). A constant
recapture probability was estimated at 0.20 (0.13-0.28). On awverage, we estimated a total
abundance of 237 white-beaked dolphins in Faxafléi (163-321). The annual abundance varied from
152 dolphins in 2011 (94-251) to 370 in 2013 (213-480, Fig. 5b). We did not find any significant

trends in the abundance estimates.

3.3 Minke whales

3.3.1. Faxafléi

A cumulative number of 191 individual adult minke whales were photo-identified from
2008 to 2013 (Fig. 2) in Faxafloi, with 44% (n = 85) of individuals photographed more than once
and 31% (n = 59) photographed across multiple years. A total of 2183 minke whale groups were
encountered. Photographs quality rated Q5 or higher of 199 individuals were taken for 18% (n =
385) of these groups. A total of 62% (n = 237) of these groups had 50% or more individuals
identified within each group. The recapture frequencies of the 191 marked minke whales ranged
from 1 to 15 with a median of 1 recapture an interquartile range (IQR) between 1 and 3 (Fig. 3).
Following Culloch (2004), 83% of identified individuals were ‘rare’ (n = 158), 5% (n = 10) were
’common’ to ‘frequent’ and 12% were occasional (n = 23). In Faxafloi Bay, transience was
significant (TEST 3.SR, y* = 16.04, df = 4, P<0.001). Once a transient effect was accounted for, the

CJS model fitted the data well (x* = 5.3, df = 8, P = 0.72). The best model retained a transient effect



on survival probability and constant recapture probability (1mwe, Table 2). Models assuming
homogeneity in the detection process were uniformly better supported than their heterogeneous
counterpart (Table 2). The average proportion of transients in the photo-identified minke whales
was 45% (27%-60%). The survival was estimated at 0.80 (0.68-0.88) for resident individuals. A
constant recapture probability was estimated at 0.54 (0.43-0.64, SE = 0.05). On average, we
estimated a total abundance of 67 resident minke whales in Faxafiéi Bay (53-82). The annual
abundances varied from 52 whales in 2009 (35-77) to 82 whales in 2010 (57-125, Fig. 5c). No

significant trend was found in abundance estimates and due to low detection rates.

3.3.2. Skjalfandi

A cumulative number of 38 individual adult minke whales were photo-identified from 2008 to 2013
(Fig. 2) in Skjalfandi, with 53% (n = 20) of individuals photographed more than once and 47% (n =
18) photographed across multiple years. A total of 897 minke whale groups were encountered.
Photographs quality rated Q5 or higher of 39 individuals were taken for 13% (n = 114) of these
groups. A total of 84% (n = 96) of these groups had 50% or more individuals identified within each
group. The capture frequencies of the 38 marked minke whales ranged from 1 to 22 with a median
of 2 recaptures an interquartile range (IQR) between 1 and 4 (Fig. 3). Following Culloch (2004),
71% of identified individuals were ‘rare’ (n = 27), 18% (n = 7) were ‘common’ to ‘frequent’, and
10% were ‘occasional’ (n= 4). In Skjalfandi, transience was significant (TEST 3.SR, x* = 17.0, df =
4, P = 0.002). Once a transient effect was incorporated, the CJS model fit the data well (> = 11.3, df
= 7, P = 0.13). The best CJS model retained a transient effect on survival probability and constant
recapture probability (Imws, Table 2). Model 2 (2uws: Survival probability = transience + time;
recapture probability = constant; AIC:(1) = 135.10) received a similar support to the best CJS
model but based on our experience with transient models (e.g., Madon et al., 2013), we noticed that

models including time variation on the transient parameter led to estimability issues in this



parameter, hence a problem in estimating the abundance of the resident population. Therefore, we
relied on the selected model to carry out biological inference.

Models assuming homogeneity in the detection process were uniformly better supported
than their heterogeneous counterpart (Table 2). The average proportion of transients in the photo-
identified minke whales was estimated 27% (0.1%-46%), with substantial uncertainty due to the
low number of individuals in the dataset and imprecise survival estimates. The estimated survival
for resident individuals was 0.96 (0.42-0.86). A constant recapture probability was estimated equal
to 0.56 (0.40-0.71). On average, we estimated a total abundance of 24 minke whales in Skjalfandi
(14-31). The annual abundance varied from 13 whales in 2009 (6-26) to 31 in 2012 (15-54, Fig.
5d). We detected a significant positive time trend in the abundance estimates (adjusted r?> = 0.78, P

<0.001).

4. Discussion

Capture-recapture methods have been used in a small number of studies focusing on
humpback whales, white-beaked dolphins and minke whales throughout the North Atlantic (Smith
et al, 1999, Marques et al, 2012, Brereton et al., 2016). However these studies did not cover
Icelandic waters or data collected on-board opportunistic vessels by trained scientist-volunteers. By
using sighting and photographic data collected on board whale-watching boats with the help of
scientist-trained volunteers we were able to use a platform, which was already involved in
monitoring whales and dolphins in Icelandic coastal shelf waters, to train volunteers in identifying
and collecting photo-ID images of local cetacean species. We were also able to produce abundance
and survival estimates by balancing biases produced by a limited control over the areas a whale-
watch boat covers, and the non-dedicated sampling methods used (Evans & Hammond, 2004; Urian

et al., 2015) and applied strict quality controls, rigorous selection and training effort.



4.1. Can data collected by trained-scientist volunteers onboard
opportunistic vessels be used to estimate cetacean abundance and

survival?

4.1.1. Capture-recapture issues

The fith assumption of equal survival probability could not be achieved in this study
because of the minke whaling which was conducted in the Iceland continental shelf area between
1975 and 1985, and resumed again in 2003 until present. From 2008 to 2013, a total of 324
individuals were caught (Marine Research Institute, 2014) in different bays around Iceland, with the
majority of catches made in Faxafloi. With these caught individuals been removed from these two
populations our estimates are likely biased. In the future, we also recommend the use of CR models
allowing the incorporation of cause-specific death (Koons et al, 2014) — i.e., taking whaling into
account — to disentangle natural mortality from human-induced mortality.

A movement outside of our two study sites was recorded, making the assumption of equal
capture probability partially met. Ryan et al. (2014) suggested temporary or permanent migration
could result in biased survival estimates but because emigration and movement were not
investigated in this study this hypothesis cannot be tested. Usually, in such situations, a robust
design approach is adopted to account for temporary emigration (Pollock, 1982). The Pollock’s
closed robust design could be used in the future pending some modifications (e.g. covering each
study area as a whole in every single secondary occasion) to the sampling protocol used in this

study.

4.1.2. Citizen Science issues

Using volunteers to collect research data is widely adopted in marine science particularly
with cetacean research. However, bias can be introduced in survey data results due to differences in

the background and skills of each volunteer who partake in a research project (summarized in Thiel



et al., 2014). In this study, a lot of effort and time was put into selecting candidates with a scientific
background with prior experience in collecting photo-id images of whales and dolphins and with
good photographic skills. Training on board was pivotal to produce data of quality with the least

amount of bias to use for conservation purposes.

4.1.3. Opportunistic platform issues

Whale-watching vessels as well as other ‘platforms of opportunity’ are particularly
appealing because they allow for research on a low budget, as well as to study species that are
poorly known, highly mobile and difficult to sight regularly (Evans & Hammond, 2004). However,
limitations to the use of these vessels e.g. encounter duration dependent on the captain’s decision to
stay/leave the animals, pre-determined routes, species misidentification and uneven distribution of
effort, need to be accounted for (summarized in Robbins & Mattila, 2000). Limited chances to
survey the whole extent of each study area during photo-id boat based tours onboard opportunistic
vessels, and knowing that sampling area in this study is contained within a wider area (Pike et al.,
2009) which is part of our three target species distributional area, a bias in survival and abundance
estimates was introduced. Therefore, considering the pre-determined course of tours and limited
duration of each encountered with cetacean species, abundance and survival estimates we produced
in this study referred to the animals occurring within the effort area covered, not to the entire
populations of humpback whales, white-beaked dolphins and minke whales occurring in Icelandic

waters.

4.2 How do our estimates of apparent survival compare with those of
humpback whale, white-beaked dolphin and minke whale found outside of

Iceland?

The estimated owverall survival rate for humpback whales (0.52, [0.41-0.63]) in this study

was similar to estimates of resident Southeastern Pacific humpback whales from Ecuador (Felix et



al, 2011). In general, however, humpback whale survival estimates are much higher (Barlow &
Clapham, 1997). White-beaked dolphin survival rates in this study (0.79 [0.64-0.82]) were similar
to common dolphins (Delphinus sp.) and Hector’s dolphins (Cephalorhynchus hectori) in New
Zealand (Slooten & Dawson, 1992; Gormley et al,, 2005; Hupman, 2016) and humpback dolphins
(Sousa sp.) in the Darwin region, Australia (Brooks & Pollock, 2014), but overall lower than most
values reported in other dolphin species showing similar population characteristics to the one
presented in this study (Silva et al., 2009). Survival estimates for resident minke whales in both
bays (Faxafioi: 0.80 [0.68-0.88]; Skjalfandi: 0.96 [0.42-0.86]) are similar to reported minke whales
(from Korea) and fin whale (from western Canada) survival estimates elsewhere (Ramp et al., 2006,
2014; Zhang et al., 2010). In this study, we estimated ‘apparent’ survival which is underestimated,
when compared to the true survival. Future analyses could resort to recently developed methods to
infer true survival, such as kernel models (Gilroy et al, 2012) or spatially-explicit CR models
(Efford, 2004).

The low apparent survival rates recorded in humpback whales, white-beaked dolphins and
minke whales are likely related to the open nature of all these populations with higher level of
emigrations (temporary and permanent). In this study we estimated ‘apparent’ survival’ (Lebreton
et al., 1992) which is known to be underestimated compared to the true survival, unless permanent
emigration equals zero. Similarities and differences between the survival estimates presented in this
study and the one available in the literature could be also explained by the ecological features of the
environment each species occupy (Currey et al., 2009). In a recent study conducted on Killer whales
(Orcinus orca) on the Pacific coast (Ward et al., 2011) the authors have found survival to change in
response to change in prey abundance. The low survival estimates reported in this study might
reflect the changes in abundance and distribution of many fish species in the Icelandic marine
environment some of which (e.g. sandeel, capelin, euphasiids, gadoids) are known to be preferred
prey species for our three cetacean species (Vikingsson & Olafsdéttir, 2004; Vikingsson et al.,

2015). The lower survival rates for humpback whales and white-beaked dolphin could also be the



result of the overlap of our study areas with boating activities. Skin marks caused by fishing
activities and death have been reported in Iceland for all three species, but no laws or regulations
exist to protect whales and dolphins from entanglement with gillnets within and outside of our study
areas (reviewed in Basran, 2014). Whale-watching activities do not appear to affect adult minke
whale survival in Faxafloi (Christiansen et al, 2015) but only preliminary studies have been
conducted on humpback whales and white-beaked dolphins. Alternatively, Felix et al. (2011)
argued that lower survival estimates might be caused by a ‘transient effect’, although transience in
the present study has only been reported in minke whales. Lastly, according to findings in other
locations outside of Iceland (Ramp et al, 2010), survival rates in whales and dolphins was
suggested to be sex-dependent. Unfortunately, sex could not be reliably determined for the three
cetacean species used in the analyses for this study so we are unable to say whether sex affected
survivability in this case. Future studies assessing sex among whales and dolphins occurring in
Icelandic coastal waters could also clarify if these differences explain the low survival values

obtained in this study.

4.3 What is the short term stability of the three populations?

The ‘discovery’ curves of all three species rose Steadily year after year without reaching a
plateau, as shown by Figure 2. This could indicate an open population in both study areas as it has
been suggested by sighting frequencies and movements inside and outside of each site. This rise
could also suggest some effort is still needed to photo-identify all individuals occurring within the
study area (e.g. Karczmarski et al., 1999), as the areas of Faxafli and Skjalfandi surveyed during
this study covers a portion of the entire bay.

A significant positive trend in abundance was detected for minke whales occurring in
Skjalfandi. Historical data on minke whales from aerial surveys reported this species to be declining

more dramatically since 2007 in southern and western waters (Borchers et al., 2009; Pike et al.



2009, 2011; Vikingsson et al., 2015) but to be increasing along the northeast shore (Stratum 4, Area
> 12,000 nm?) with 1,743 (951-3,194) in 1987 and 5,839 (3,817—8,908) in 2001 (Borchers et al.,
2009). While results from these two studies (aerial surveys and the present study) cannot be directly
compared due to differences in methods of data collection, the positive trend in abundance could be
mirroring the existing trend reported by Borchers et al (2009). For the humpback whale, the white-
beaked dolphins and the minke whales from Faxafidi (southwest coast) no real trend in abundance,
a lack of statistical power or a displacement or new arrivals from other areas could explain why no
significant positive trend in abundance was found.

We believe the abundance estimates obtained in this study do not carry an overestimation
bias (Madon et al, 2012) since we corrected our population size estimates by the proportion of
transients. However, we need to keep in mind that in this study we focus on two localities and do
not consider the wider population present in Icelandic waters. A larger sample size and monitoring
more geographical areas are also needed before drawing firm conclusions about residency vs.
transience patterns in Icelandic waters. We would also like to stress the importance of using longer
time series are needed to understand the conservation status and population trends of these species.

Abundances do not present signs suggesting that the conservation status of any of our three
target species in our two study sites is of concern, since no negative trends in abundance were
observed, although before drawing any firm conclusions bias and limitations of this study should be
taken into account when interpreting our results. As it was suggested in other similar cases (Parra et
al, 2006) the best approach would be to keep monitoring the conservation status of our target

populations regardless of evidences of increment/decrement.

4.4. Do these populations show any evidence of ‘transience’?

The results in this study showed that transience was present for minke whales in both
Faxafloi and Skjalfandi. It has been suggested that transience could be a result of heterogeneity in

the sampling effort (Madon et al., 2012). Table 1 shows lower sampling effort in the year 2009 for



minke whales in Faxafibi. It is unlikely though that the observed transience was due to low
sampling effort for 1/6 of the years. The transient effect could also be sex-specific. A recent study
demonstrated female humpback whales in New Caledonia are more prone to be transient than males
during the breeding season, which was attributed to females’ more elusive behaviour and shorter
residency times (reviewed in Madon et al., 2012). An Icelandic study on segregation of sexes of
minke whales based on catch data (Hauksson et al., 2013) showed that during the years of our study
(2008-2013) more males than females were found along the southwest coast (including Faxafioi).
Assessing the sex-ratio in minke whales in both our study sites and coastal areas where commercial
whaling is not conducted, and their ranging patterns could provide more insight into the transiency
we found in this species and help in providing more accurate demographic estimates for Iceland.

In our case, failing to detect transience for humpback whales and white-beaked dolphins
could be due to a lack of statistical power, to its sex-related nature or reflect the effort spent
sampling both our study areas. Future studies with a higher effort spent in multiple locations
throughout the Icelandic coastline could reveal more about the transient nature of these local

species.

5. Conclusions

We acknowledge that aerial surveys have provided large scale abundance estimates for the
species in Icelandic coastal shelf waters. However, we also must acknowledge that due to high costs
these surveys only can provide a snap shot of the populations several years apart. In Iceland, whale-
watching platforms have been used from 1999 to collect data on humpback whales, white-beaked
dolphins and minke whales by scientists and trained volunteers, establishing a base line of data
spanning almost two decades. The local abundance and survival estimates produced in this paper
represent a valid starting point to keep managing and conserving three species occurring in
Icelandic coastal waters, especially in light of 1) the expansion of the whale-watching industry in

Iceland, 2) the changes in abundance and distribution of local fish and cetacean species, and 3) the



existing sources of disturbance the three cetacean populations face within our study areas and
outside of them. However, in order for the abundance and survival estimates presented in this study
to be useful for management and conservation decisions, it is pivotal to introduce modifications to
the sampling methods used in order to minimize the existing bias. In the future, we recommend
enlarging the sampling area, collecting data from more sites to collect a larger body of photo-id
images to be able to look into emigration and movement that were not investigated in this study. We
also suggest determining sex ratios which would allow future studies to produce estimates
encompassing the entire population for each of these cetacean species and their regional

conservation status.
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Figures
Figure 1. Map of the study area showing Faxafi6i (b) and Skjalfandi (c), Iceland. Sub-panels show
the density of observations made within the two areas; surveys were conducted within light grey

areas.

Figure 2. Summary of discovery curves (cumulative number of newly identified and catalogued
whales and dolphins each year) of marked adult (a) humpback whales from Skjalfandi (continuous
line with empty circles), (b) white-beaked dolphins from Faxafioi (dotted line with full circles) and
(c) minke whales from both bays (dotted line with empty triangles for Faxafidi; dashed line with

full squared for Skjalfandi), in each year (2006-2013).

Figure 3. Distribution of capture frequencies of all identified (i) humpback whales in Skjalfandi
(dark grey), (i) white-beaked dolphins in Faxafloi (light grey), (i) minke whales in Faxafloi

(white), and (iv) Skjalfandi (black).

Figure 4. Recapture probability estimates for adult humpback whales in Skjalfandi, with 95%
confidence intervals (vertical bars). The black dashed line represents the average estimate of

recapture probabilities (u = average detection).

Figure 5. Abundance estimates of. a) humpback whales in Skjalfandi; (b) white-beaked dolphins in
Faxafloi; ¢) minke whales in Faxafidi; d) minke whales in Skjalfandi. The grey line represents fitted

regression of abundance owver time.



Tables
Table 1. Annual effort spent for each species (MW = minke whale, WBD = white-beaked dolphin,
HW = humpback whale) in each site (F = Faxafldi, S = Skjalfandi) from 2008 (2006 for humpback

whale) to 2013.

Table 2. AICc scores for the four models (1-4) for each species. AlIC¢(1) without heterogeneity,
AIC.(2) with heterogeneity. HW = humpback whale, MF = minke whale, Faxafloi, MS = minke

whale, Skjalfandi, WBD = white-beaked dolphin. The best model for each species is in bold font.



Highlights
Information is lacking on the abundance and survival of three cetacean species
Scientist-trained volunteers collected data from onboard opportunistic platforms
Open capture-recapture models were used taking transience into account
Analysis showed small abundances, and low survival estimates

Estimates are pivotal to manage and conserve Icelandic cetacean species



