SC/66b/SH/29

Mid-summer abundance estimates of fin
whales around the South Orkney Islands
and Elephant Island

Sacha Viqueart, Helena Herr

INTERNATIONAL
WHALING COMMISSION

Papers submitted to the IWC are produced to advance discussions within that meeting; they may be preliminary or exploratory.
It is important that if you wish to cite this paper outside the context of an IWC meeting, you notify the author at least six weeks before it is cited to ensure that it has not been superseded or found to contain errors



Mid-summer abundance estimates of fin whales around
the South Orkney Islands and Elephant Island

Sacha Viquerat”, Helena Herr"

1) Institute for Terrestrial and Aquatic Wildlife Research, University of Veterinary Medicine Hannover,
Foundation, Werftstrasse 6, D-25761 Buesum, Germany. sacha.viquerat@tiho-hannover.de

Abstract

We conducted a line-transect distance sampling survey between the 24™ of January and the 7"
of February 2016 around Elephant Island and the South Orkney Islands on board a Chilean
fishing vessel. The aim of this survey was an assessment of fin whales (Balaenoptera
physalus) densities in the area. A single observer collected distance sampling data from the
bridge along 463 km of effort, recording 44 fin whale groups. Using a generalized additive
model of segmented data that included the spatial smooth of segment midpoints as covariate,
we produced a fine scale distribution map of fin whales around the South Orkney Islands and
Elephant Island. The minimum average density of fin whales was estimated at 0.0268 +
0.0183 animals / km?in a 19,750 km? area around Elephant Island, resulting in @ minimum
abundance estimate of 528 + 362 fin whales. For the 13,550 km? area around the South
Orkney Islands, we estimated a minimum density of 0.0588 + 0.0381 fin whales / km2 and a
minimum abundance of 796 = 516 animals. The highest predicted densities were found south
west of Coronation Island, coinciding with the shelf break. This study confirms the area of the
Antarctic islands to be a new hotspot that might host a substantial part of the Southern

Hemisphere fin whales.

Keywords: Western Antarctic Peninsula, Balaenoptera physalus fin whale, population status,

cetacean abundance.



Introduction

The Southern Ocean is a high productivity area with a diverse biogeography. A decisive
feature between the east Pacific and Atlantic sector of the southern Ocean is the Western
Antarctic Peninsula (WAP), extending the Antarctic continent far into the north. The area is
characterised by multiple islands directly on or close to the shelf, mainly the South Orkney
Islands, Elephant Island and the South Shetland Islands. These geological features create
dynamic slopes on the otherwise relatively flat shelf surface, which leads to local, nutrient

rich upwellings (PREZELIN ET AL. 2000, DINNIMAN ET AL. 2004).

While there have been various fisheries related studies around the western flank of the WAP
under the auspices of CCAMLR and the IWC, most of these studies date back to the 90s or
used fixed strip surveys to produce population numbers for a number of marine species (e.g.
JOIRIS & DocHY 2013). There is still very little knowledge on the fin whales (Balaenoptera
physalus) of the southern hemisphere. Having suffered substantially from commercial
whaling activities up until 1986 (with casualties totalling at about 700,000 animals), fin
whales are still listed by the IUCN as critically endangered (REILLY ET AL. 2011). There is
only sparse information on their population status, ecology, migration patterns and ecological
role within the Southern Ocean, and, with the exception of analysis of the circumpolar IDCR-
SOWER datasets collected between 1978/1979 and 2004 (LEAPER & MILLER 2011), there are
no recent population estimates for the Southern Hemisphere.

Increasing sighting numbers of fin whales in the area of the WAP over the past few years
(JoIRIs & DOCHY 2013, SANTORA ET AL. 2014) provided first indication for the Southern
Hemisphere population potentially to be recovering. The WAP seems to play a key role as an
emerging hotspot area where a substantial number of fin whales seem to aggregate during the
austral summer months (HERR ET AL. 2016). In contrast, only few sightings of fin whales were
reported from the same area just a couple of decades back (see for example SCHEIDATET AL.
2011). A dedicated aerial survey conducted in 2013 within the Bransfield Strait and Drake
Passage produced the first density estimates for fin whales in the area and found minimum
densities of 0.117 animals / km2 (95% CI: 0.053 — 0.181). A minimal abundance of fin whales
within an approximately 42,000 km? area in the Drake Passage was estimated at 4,898
(95%Cl: 2,221 — 7,575) animals (HERR ET AL. 2016). The most recent circumpolar abundance
estimate for fin whales south of 60°S was 5,445 (95% CI: 2,000 — 14,500) animals (based on
an analysis of IDCR/SOWER survey data collected between 1978/1979 and 2004; LEAPER &
MILLER 2011). These findings suggest that either a major proportion of fin whales of the



Southern Hemisphere use the area west of the WAP at least temporarily or that there has been
a considerable growth in the total abundance of fin whales in the Southern Hemisphere since
the IDCR/SOWER cruises.

As a designated area for increased effort by the krill fisheries industry, WAP is thus worthy of
increased survey efforts to monitor and confirm this apparently important area for the
Southern Hemisphere fin whale population as well as to assess the potential for conflict

management between industry demands and the needs of a recovering population.

In this study, we conducted a distance sampling survey for fin whales around the South
Orkneys and Elephant Island from a platform of opportunity. Collected data were used for
model based abundance estimation of fin whales around the South Orkneys and Elephant

Island.



Materials & Methods

We conducted a line transect distance sampling survey with a single observer from the bridge
(11.2 m elevation above sea level) of the Chilean fishing vessel Cabo de Hornos from January
27" until February 7" around the South Orkney Islands and Elephant Island. The observer
was stationed at a central location, allowing an unobstructed field of view (FOV) of 60° to
each side of the ship. Data were gathered on transits between fishing trawl sites.

Using and a survey computer hooked up to a GPS device to record survey parameters and
detections, the observer recorded all sightings within his FOV, focussing on the 90° sector
around the transect line (45° to each side of the transect). After initial naked eye detection, a
binocular with reticule display for distance measurements (Fujinon MTRC-SX) was used to
measure the distance to the sighting and, if necessary, to confirm species identification.
Observer shifts were limited to 1 1/2 hour stretches of continuous effort, followed by 1/2 hour
break to prevent observer fatigue. Total effort time within any 24 hour period was limited to 8
hours. The environmental parameters sea state (measured in the Beaufort scale), swell, ice
coverage, and glare were recorded at the beginning of each effort period and whenever any
change therein occurred. To limit the distraction from the target species, no seals or bird

species were recorded.

Sighting conditions were rated as 'good’, 'moderate’, '‘poor’ or ‘unacceptable’ (quality was
assessed based on fin whale sighting conditions) separately for the port and starboard portion
of the FOV. In case of unacceptable conditions (such as fog, very strong glare etc.),

observation of that side was discontinued.

All cetacean sightings included the horizontal angle and the radial distance to the sighting, the
species identification (allowing for unidentified animals), group size estimate and, if
deferrable, the general swim direction. The radial distance was measured using calibrated

reticules that are specific for the binoculars in use.

Horizontal angles were measured using an angle board in relation to the ships heading. The

perpendicular distance to the track line was then calculated via:
Q) Aperp = SN0 X dygq

Where dperp is the perpendicular distance to the track line, @ is the horizontal angle and dyaq is

the radial distance, calculated by converting ¢ (the declination angle measured in reticules).



We defined two strata post survey by designing a 20 km buffer around the covered track lines,
divided by each Island group. These strata were used in the modelling step for predicting

densities (see Figure 1).

Chilean Survey 2016
*+  Cruise Track

*  track ines
stratum

[777] ELEPHANT ISLAND

v

V///} SOUTH SHETLAND ISLANDS
ACC fronts &
Southem Antarctic Circumpolar Current Front (SACCH) |
~——— Southem boundary of the Antarctic Circumpolar Current [

Figure 1: Overview of cruise track and survey effort between 27" of January and 7™ of February 2016; the red line
indicates ship track; the light green line marks effort periods; the shaded polygons mark the strata defined for latter
analysis. ; ACC fronts: abbreviated boundaries of the Antarctic circumpolar currents system (SACCf: Southern
Antarctic Circumpolar Current Front, SBACC: southern boundary of the Antarctic Circumpolar Current) (data
source: CCAMLR GIS repository); Background bathymetry from ETOPO (Amante & Eakins 2009).

From the collected sighting data, we produced multiple covariate detection functions for fin
whales (MCDS, see BUCKLAND ET AL. 2004). Half normal models of fin whale sightings,
including the environmental parameters sea state, swell, ice coverage, glare conditions, group
size and subjective sighting conditions were tested against models without covariates. The
best detection function model was chosen based on the Akaike Information Criterion (AIC,
AKAIKE 1974).

The dataset was segmented into continuous effort stretches of app. 5 km. With the effective
half strip width (esw) from the detection function, we calculated the effectively covered area

per 5 km segment using:

(2) Aeff =2 Xesw X Lsegment



With A being the effectively covered area within the segment, esw the effective half strip
width for fin whales and Lsegment the total effort within the segment.

Using the number of group sightings, we then calculate the density of fin whales for each

segment as:

5 G t .
(3) Dsegment = Segmen /Aeff X Ssegment

With Dsegment the density of fin whales per km?, Ggegment = the number of recorded fin whale
groups along the segment, At = the effectively covered area of the segment and Ssegment = the

average group size of fin whales for the segment.

We used generalised additive models (gam) to produce a density surface model based on the
segmented dataset associated with environmental covariates (see Table 1 for a summary of the
tested covariates).

Table 1: covariates used in the modelling process. name denotes the identifier of respective covariate used in the

modelling and is later used as a substitute in the text; unit informs on the SI unit the respective covariate is measured
in; source denotes the origin of the data.

covariate Name unit Source
Bathymetry Depth Meters [m] ARNDT ET AL. 2013
Aspect of seafloor Aspect Calculated in R (R CORE DEVELOPMENT
Degree TeEAM 2015) from ARNDT ET AL. 2013 using
Slope of seafloor Slope [angular] the terrain function from package raster
(HIIMANS 2015)
Distance to southern
Boundary of . Kilometers CCAMLR online GIS repositor
Antarct)i,c dist2sBACC [km] (http://gis.ccamir. org/f?ome) ’
circumpolar Current
Coordinates of Coordinate of segment mi_dpoin'F in WGS84 /
xy) Meters [m] | Antarctic Polar Stereographic projection (EPSG:

segment midpoint 3031)

A tweedie error distribution (TWEEDIE 1956) was used in all models to compensate for the
typically high number of false zeroes during cetacean surveys (see MILLER 2013). We used
the decadal log of the segment length as sample weights for the modelling stage. The
dimensions of the thin plate smoothing functions (see WoobD 2003) were restricted to four
dimensions in each covariate to avoid unrealistic overfitting of the data. The best model was

chosen based on the Restricted Maximum Likelihood score (REML).



The model was applied to a set of prediction grids in 5x5 km resolution that covered the strata
(South Orkney Islands and Elephant Island) to produce distribution maps as well as density

and abundance estimates for fin whales in each stratum.

All analyses were performed in R 3.2.2 (R CORE DEVELOPMENT TEAM 2015) using the
packages Distance (MILLER ET AL. 2015), rgdal (BIVAND ET AL. 2015), rgeos (BIVAND &
RUNDEL 2015), maptools (BIVAND & LEWIN-KOH 2015), raster (HIIMANS 2015) and mgcv
(Woob 2011).



Results

The stratum around Elephant Island was surveyed between 27" of January and the 1st of
February 2016. A total of 299 km of track lines were observed on effort within this stratum,
with 27 group sightings of 29 fin whales, averaging a group size of 1.07 fin whales / group.
The South Orkney Islands stratum was surveyed between the 2™ of February and the 7" of
February 2016. A total of 164 km of track lines were observed on effort, with 17 group
sightings of 32 fin whales, averaging a group size of 1.88 fin whales / group (see Table 2 &
Figure 2).

Table 2: Summary of cetacean records on effort between 27 of January and 7™ of February 2016. stratum: subset of
survey area; G: Number of cetacean groups recorded on effort. I: Total number of cetaceans recorded (asterisk

indicate calf sighting); §: average group size of encounters; table gives detections for fin and humpback whales,
respectively.

Fin whales Humpback whales

stratum Effortkm] | G | | [C| § G | | C S
Elephant Island 299 27129010716 |18 | 1 | 1.13
South Orkney Islands 164 17132 |0 188 |12 | 21 | O | 1.75
Total 463 4 61 0 139 28 39 1 1.39
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Figure 2: Overview of cetacean records near a) Elephant Island; b) the South Orkney Islands (on effort between 2™ of
February -7 of February 2016); and c) complete survey period; effort stretches are marked in green; strata as
designed for the modelling step are marked as dashed polygons; ACC fronts: abbreviated boundaries of the Antarctic
circumpolar currents system (PF: Polar front; SACCf: Southern Antarctic Circumpolar Current Front, SBACC:
southern boundary of the Antarctic Circumpolar Current) (data source: CCAMLR GIS repository); Background
bathymetry from ETOPO (Amante & Eakins 2009).



Sea states 2 and 4 on the Beaufort scale were the most common sea states encountered during

the survey (Table 3).

Table 3: Summary of sea states encountered during the survey. Sea state denotes the perceived strength of wind force
measured in Beaufort.

Sea state Effort [km] Percentile
1 80.6 17.41%
2 158.7 34.26%
3 83.9 18.11%
4 124.2 26.81%
5 15.8 3.40%

Only data recorded at sea states < 4 were included in the final dataset. After right truncation at
2,500 meters from the track line, 38 fin whale groups were available for the detection function
modelling step. A straightforward detection function using no additional covariates (fw;) was

chosen for the subsequent analyses in fin whales (see Table 4 and Figure 3).

Table 4: Detection function modelling results; model: name of the model used throughout the analysis and as
substitute in the text; covariate: indicates the environmental covariate used in the detection function model; AIC:
Akaike Information Criterion (the smaller the value, the better the fit); Nyune.: Number of sightings analysed after
right truncation at 2500 m. Model in bold indicates the final chosen model for all subsequent analysis.

Model covariate AlIC Ntrunc
fwl no covariate 582 38
w2 sea state 584 38
fw3 ice coverage 584 38
fw4 sighting conditions 584 38
fwé group size 583 38
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Figure 3: detection function fw; for fin whales using no additional covariates based on 38 records (after right

truncation at 2,500 m). The vertical line indicates the estimated effective strip width (esw) at a width of 1,341 meters.

The segmentation process of the survey dataset yielded 119 individual segments. The results

of the additive modelling are given in Table 5. The best model was my, including a spatial
smoother (X, y), explaining 66.23% of the observed deviance. Introducing additional
covariates inflated predictions unrealistically and did not contribute substantially to the

robustness and scope of the models.

Table 5: Summary statistics of tested models in the additive modelling process of the segmented data; model:
identifier for model used throughout the analysis and as substitute in the text; covariate: indicates the covariate
combination tested in the model (multiple covariates within brackets indicate interactions); 0: dispersion factor for
the tweedie family; dev: deviance explained by the model; REML score: Restricted Maximum Likelihood score of
respective model; selected model is highlighted in bold font.

model covariate 0 Dev REML score
my 1 0.53 | 0.00% 69.48
my dist2sBACC , slope, depth, aspect 0.31 | 29.63% 52.94
m dist2sBACC, slope, aspect 0.37 | 22.23% 57.36
ms dist2sBACC, slope 0.36 | 20.46% 57.06
my slope, aspect, depth 0.31 | 28.71% 52.74
ms slope, aspect 0.36 | 22.23% 56.63
mg slope, depth 0.31 | 28.36% 52.44
my (%, y), dist2sBACC, slope, depth, aspect | 0.14 | 71.82% 37.46
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mg (X, y) , dist2sBACC, slope, aspect 0.14 | 71.07% 38.31
Mg (%, y), dist2sBACC, slope 0.14 | 67.97% 40.33
myp | (X,Y), slope 0.14 | 67.63% 42.40
my; (%, y), slope, depth 0.14 | 67.85% 41.90
my> | (X, Y), slope, depth, aspect 0.14 | 71.41% 39.70
mzs3 | (X,y), depth 0.14 | 66.44% 45.11
my | (X, y) 0.14 | 66.23% 45.75
mys | (X, Y), dist2sBACC, slope, depth 0.14 | 68.18% 39.79
mzs | (X, Y), dist2sBACC, depth 0.14 | 66.66% 42.79
my; | (X, y), dist2_sBACC 0.14 | 66.46% 43.49

Based on model my4, the average density of fin whales was predicted at 0.0268 + 0.0183
(95%CI: 0 - 0.0627) fin whales / km? for the Elephant Island stratum and at 0.0588 + 0.0381
(95%CI: 0 - 0.1334) fin whales / km? for the South Orkney Islands stratum. Abundance was
estimated at 528 + 362 (95%CI: 0 — 1,238) fin whales around Elephant Island and 796 + 516
(95%Cl: 0 — 1,807) fin whales around the South Orkney Islands (Table 6).

Table 6: prediction of fin whale densities and abundance; Area: area of stratum; D: animal density [fin whales / km?];

Dg: Standard error of D; Dgsci: 95% Confidence Interval of D; N: number of fin whales in respective stratum; Ng,:
Standard error of N; Ngsci: 95% Confidence Interval of N.

stratum Area D Dse Dgsci N Nse Ngsci
Elephant | 19750 | 0.0268 = 0.0183 0-0.0627 528 | 362  0-1238
South
Orkney 13,550 0.0588 0.0381 0-0.1334 796 516 0 - 1807
Islands

The highest density of fin whales was predicted within the South Orkney Islands stratum,
along the shelf edge at about 50 km south west of the shoreline of Coronation Island (Figure
4).
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Figure 4: Model prediction of fin whale density around Elephant Island (a), the South Orkney Islands (b) and the
whole survey area (c). Fin whale sightings recorded on effort are marked as blue pentagons. Unidentified large whale
sightings are marked as question marks; ACC fronts: abbreviated boundaries of the Antarctic circumpolar currents
system (PF: Polar front; SACCf: Southern Antarctic Circumpolar Current Front, SBACC: southern boundary of the
Antarctic Circumpolar Current) (data source: CCAMLR GIS repository); Background bathymetry from ETOPO
(Amante & Eakins 2009).
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Discussion

Our study provides the first mid-summer minimal density and abundance estimates for fin
whales around Elephant Island and the South Orkney Islands based on a dedicated cetacean
line transect distance sampling survey. Compared to other studies, our average minimal
density estimate of 0.0268 = 0.0183 (95%CI: 0 - 0.0627) fin whales / km?2 for the 19,750 km2
stratum around Elephant Island and at 0.0588 £ 0.0381 (95%CI: 0 - 0.1334) fin whales / km?
for the 13,550 km? stratum around the South Orkney Islands is well within the range of
published values. JoIRIS & DocHY 2013 reported estimated densities of 0.03 fin whales / km?
near Elephant Island between March and April 2012 from a mixed species fixed strip survey.
HERR ET AL. 2016 report fin whale densities of 0.114 animals / km? within an area further to
the southwest, including Elephant Island and the South Shetlands. Joiris & DocHY 2013 also
mention the area north-west of Elephant Island to be associated with high density estimates,
which we associate with higher densities as well. Both sources report that many of the large
fin whale groups were spatially separated but usually associated with other marine wildlife
(such as marine birds and seals), which we could also observe in this survey. Elephant Island
in particular is known for free floating patches of high krill concentrations when ice free (see
for example HEWITT & DEMER 1993, NOWACEK ET AL.2011). There are strong indications that
the main driver for most species encountered near the WAP is the prey availability in krill
(FRIEDLAENDER ET AL. 2006, NOWACEK ET AL. 2011, HERR ET AL. 2016). Acoustic surveys for
fin whales indicate that the area might only be temporarily used by fin whales between the
months of February—July, with peak calling in May (SIROVIC ET AL. 2004, SIROVIC ET AL.
2009). The decrease in calling activity is attributed to the beginning formation of ice, thus
resulting in a potential migration of fin whales out of the area due to the marginal availability

of prey items (SIROVIC ET AL. 2004).

Our minimum abundance estimated was 528 + 362 fin whales around Elephant Island and 796
+ 516 fin whales around the South Orkney Islands. While there is some debate about the
current population status of the fin whales of the southern hemisphere (around 5,500 animals,
LEAPER & MILLER 2011), a total of 1200 animals within the spatially constrained area around
Elephant Island and the South Orkney Islands has to be considered a substantial proportion of
the total population, thus rendering this area at least temporarily very vulnerable to any
disturbances. As there is no information on current trends in the southern hemisphere fin

whale population, we cannot discern whether the results from this study reflect a general
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increase in fin whale abundance since the late 90’s or if this truly is an emerging hotspot that

has been utilised by fin whales only since the early 2000’s.

As there is no information on the availability bias of fin whales, we expect the actual numbers
to be higher. Also, the high number of unidentified animals (one of the major drawbacks of a
single observer setup) could even further increase the population estimates, as most of these
animals were probably fin whales but were described as unidentified large whales to ascertain
data quality. We can therefore expect the actual numbers to be even higher on average. The
high number of on effort sightings and observations made during fishing trawls of humpback
whales, sei whales and the high number and diversity of observed multi species feeding
aggregations of marine vertebrate (including marine birds and seals) emphasize the ecological
significance of the area.

This survey proves that straightforward setups using a dedicated line transect methodology
can yield robust snapshots of local populations with high efficiency. The high and reliable
encounter rates especially for large whales in the area make these CCAMLR surveys a
feasible platform of opportunity for cetacean research. The ease of access to the area, the
proximity to facilities on the mainland (such as the Falklands or South America) and the high
conflict potential with increased efforts in krill fisheries in the area should make this a

designated target for future survey efforts.
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