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INTRODUCTION

The IWC conducted its last major review of the status of southern right whales
(Eubalaena australis) in 1998 (IWC 2001) and more recently in 2010 (IWC 2010) and 2011
(IWC 2011). Following severe historical depletion by commercial whaling, several
breeding populations (Argentina/Brazil, South Africa, and Australia) of southern right
whales have shown evidence of strong recovery, with a doubling time of 10-12 years
(Bannister 2001, Best et al. 2001, Cooke et al. 2001). The other breeding populations are
still very small, and data are insufficient to determine whether they are recovering.
Estimated total size for the species in the Southern Hemisphere in 1997 was 7,500
animals (of which 1,600 were mature females, including 547 from Argentina and 659
from South Africa), and the three main populations have continued to increase at a
similar rate since then. Illegal Soviet catches (mainly in the 1960s) temporarily inhibited
recovery, but overall the population appears to have grown strongly since then
(Tormosov et al. 1998).

Payne and colleagues carried out long term studies in southern right whales
around Peninsula Valdés (Argentina) since the early 70°s and estimated population
size and other parameters derived from sighting data based on individual pattern of
callosities. The rate of increase r was estimated close to 8% (Payne 1986; Payne et al.,
1983, 1990, Whitehead et al., 1986). Those estimations were obtained from a mark-
recapture model based on individual recognition of whales. Whereas in 1998 the
assumed average growth rate for all populations of southern right whales throughout
the Southern Hemisphere was 7.5%, during the 2011 meeting it was agreed to use 6%
and 7%. However, Cooke suggested that there has been a substantial decline in the
long-term rate of increase for this population in recent years, around 5.0% over the last
10 years (Cooke, per. comm. to the Workshop on SRW).

However, the process of gathering the information from photo-id data bases is time
consuming, and there is a need from the local management officers to have a quick and



relatively cheap methodology to estimate the abundance and population trend. This is
the main reason why we developed a method based on direct counts of whales on the
coastal zone from aerial surveys. Nevertheless, some whales are found in deeper
waters at least in Golfo Nuevo (Fig 1). This area cannot be surveyed by plane, and
hence, estimations using boat based methodology is needed.

With regards to the Peninsula Valdés stock, in the last years the population has
experienced an enhanced mortality of calves that has raised concern to the scientific
community, national and provincial authorities and local people.

Therefore, the objectives of this work were: 1) to estimate the relative abundance in
the monitoring zone every year and the rate of increase, 2) to estimate density in
deeper waters, 3) to estimate the number of whales moving around PV and calves born
throughout the year, and 4) to analyse the mortality trend of calves through time.

Phylosophy of the method

During the last fifteen years we developed a method for monitoring the population,
which could lead to study seasonal changes within and between years. The method is
based on the assumption that around 95% of the whales will be found within a coastal
strip (Payne 1986; Payne et al., 1983, 1990) and the number of whales in the strip can be
considered a measure of relative abundance in the whole PV area. However, an
unknown number of whales is in transit in deeper waters in the gulfs and need to be
estimated by other methods.

Study area and aerial surveys

A monitoring area was defined from the mouth of Chubut River (42°30") to Puerto
Lobos (42°) totalling a coastal strip of 350 nm long (620km) (Fig. 1) flying the coastal
zone parallel to the coastline at an altitude of 500 feet (Crespo et al., 2011, 2014). The
area was consistently flown from south to north always taking off around 10:00am in
order to avoid any variation in the numbers/ visibility due to the time of the day.

Figure 1: Monitoring area designed for counting SRW
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Aerial surveys were selected to be the best method to count whales in the
monitoring area. The period between flights ranged from 45-50 days, a similar period
of the average residence of whales in the area. Ideally, during each census new
individuals were being counted. However, this permanence period was reviewed to be
around 70 days (Rowntree et al., 2010, INC report on SRW). Flights were carried out if
the Beaufort Sea State was between 0 and 3 (Crespo et al., 2011, 2014).

The surveys were carried out using high-wing single-engine aircrafts Cessna B-182.
A crew of four flew in every survey: the pilot, one recorder and one observer on each
side of the plane. Distance to the coast (on the left side of the plane) was held fairly
constant at 500 m, and was controlled several times during the flight. From measures
carried out with a clinometer, the effectively covered strip to the right side of the plane
(deeper waters) was about 1000m. Then the monitoring zone covers the coastal waters
from the mouth of Chubut River to Puerto Lobos, in a water strip of about 1500m from
the shore.

Average speed of the aircraft remains fairly constant around 90 kn and height
remains within 500 ft (= 152.4 m). The depth under the plane is less than 20m.
Abundance was estimated by counting the total number of whales within the
monitoring area which gives a relative measure of abundance. A total of 58 flights were
carried out between May 1999 and December 2000 and June 2005 and October 2014.
Not every year had the same number of flights, and hence effort differs yearly.

Age and sex classes to be count

Whales from the air can be distinguished in three groups.
a) Mother-calf pairs (MC) which are one adult female and a calf

b) Solitary individuals (SI) which can be either adult males or females or subadult
individuals

¢) Breeding groups (BG) which is usually formed by one adult female and several
males.

The groups and the number of whales in each group were recorded. For analysis
purposes, mother-calf pairs and total number of whales were used as response
variable. Total number of whales includes the mother-calf pairs.

1) Rate of increase estimated using Generalized Linear Models procedures

The full data set was analysed using a GLM framework, which extends the
standard linear regression model by assuming a non-Normal error structure and using
a “link” function (McCullagh and Nelder, 1989; Zuur et al., 2009). The GLM framework
has been applied successfully in ecology because some of the exponential family
distribution can cope with the problems associated to count data (Zuur et al., 2009).
The simplest GLM for count data assumes a Poisson error distribution, and a
logarithmic link function. This model is usually called a log-linear regression, because
the logarithm of the Poisson parameter (u) is taken to be a linear function of the
parameters and data (Zuur et al. 2009). One of the problems of assuming that the errors
are Poisson distributed is that the error variance is constrained to be equal to the mean

().
An alternative to the Poisson model that also can be used for count data is the

negative binomial model. The negative binomial model is more flexible because it
allows the variance to be a function of the mean and an additional parameter called the



overdispersion parameter (McCullagh and Nelder, 1989). The negative binomial
regression can be considered as an extension of the Poisson regression model when the
overdispersion parameter is known. This parameter allows the variance to be larger
than the mean, estimating more accurate standard errors for the parameters. The
failure to detect overdispersion and correct it by using a negative binomial error could
lead to mistakenly small standard error of the estimated parameter (Ward et al 2011).
The Poisson distribution assumes that data are randomly distributed, while the
negative binomial can estimate the parameters for aggregated data such as the
censuses for the southern right whale.

Both Poisson and negative binomial models were applied to data of censuses of
southern right whales in Peninsula Valdés Area. As predictor variables we included
the Year and the Month, considered as continuous variables (Month 1-12; Year 1999-
2014). Monthly variation in number of whales was modelled using also the Month?,
allowing the models to explore a non-linear relationship between numbers of whales
and temporal variables. Another set of models included as predictor variables the Year
and the Julian Day, using also Julian Day2. Models were selected using Akaike
Information Criteria (AIC), allowing evaluating which error structures and predictors
are best supported by the data. We modelled four response variables: a) the total
number of whales; b) the number of calves; c) the number of solitary individuals and c)
the number of mating groups. All of the response variables were modelled within the
same frame using the package MASS in R software (R Core Team, 2013)-

Many more models were evaluated for the full data set, including models that
treated the predictor Month as a categorical variable, models estimating the parameters
using a quasi-Poisson distribution and models using a normal distribution, but only
the best fitting model and several related models are presented. Table 1 shows the
models selected using the total of censused animals as a response variable, while Table
2 shows the same models for the calves.

The results for other models (Table 1 and 2) are presented in terms of AAIC, and as
a rule of thumb values that are less than two should be given consideration in addition
to the selected model, while models with AAICc values that are more than ten should
receive little consideration (Burnham and Anderson, 2002).

Table 1: Poisson and Negative binomial models for southern right whales censuses,
using year (Y) and month (M) and year and Julian day (JD) as predictor variables. For
each model, the effect of the variable Year is expressed as an annual increase rate and
its associated 95% confidence interval (CI). The models are ordered according to the
support given by the data assessed by the AIC.

. Error Effect of o
Model Predictors distribution | the Year 95 % CI AIC AAIC

1 Y +JD +JD2 Negative | 539 | 013-631% | 545.62
binomial

2 Y+ M + M2 Negative |5 ¢30 | 020.7.90% | 57246 26.84
binomial
Negative o o

3 Y +JD cgath 598% | -1.91-121% | 640.6 94.98
Binomial




4 Y +M Negative | 5500 | 23813.00% | 64079 95.17
binomial
Negative o o
5 Y esatt 405% |-436-1210% | 647.63 102.01
binomial
6 Y +JD +]D2 Poisson 325% | 2.91-358% | 21801 1634.48
7 Y+ M + M2 Poisson 481% | 4.47-514% | 28873 2341.68
8 Y+M Poisson 497% | 4.64-530% | 14363 13817.4
9 Y +JD Poisson 515% | 4.47-549% | 14450 13904.4
10 Y Poisson 364% | 331-396% | 16291 15745 4

The selected model for the census of all of southern right whales in Peninsula
Valdés from 1999 to 2014 indicates that population has increased in 3.23% annually
(95% IC=0.13 - 6.31%), being selected model the lowest estimated increased rate.

Table 2: Poisson and negative binomial models for southern right whales calves
censuses, using year (Y), month (M) and Julian day (JD) as predictor variables. For
each model, the effect of the variable Year is expressed as an annual increase rate and
its associated 95% confidence interval (CI). The models are ordered according to the
support given by the data assessed by the AIC.

Model | Variables | .- gﬁ:ﬁion ﬁféﬁ;’i 95 % CI AIC | AAIC
1 | y+p4p2 | Nesative 5.54% 2.27-8.79%
binomial 413.48
2 Y+ M + M2 Ei%‘::; T 6.60% 2.43-10.75% weea | 2316
3 Y +JD +JD2 Poisson 6.05% 5.38-6.73% se1eo | 821
4 Y+ M + M2 Poisson 7.48% 6.81-8.15% 1,057.70 644.22
5 Y+M Poisson 8.09% 7.44-875%  |4,301.60 | 3888.12
6 Y +M Negative 8.09% 7.44-8.75% 4,303.00 | 3889.52
binomial
7 Y +]D Poisson 8.38% 7.729.04%  |4,360.50 | 3947.02




8 Y +JD Negative 8.38% 7.72-9.04% 4,361.80 | 394832
binomial

9 Y Poisson 6.21% 5.56-6.86% 5,325.70 | 4912.22

10 Y Negative 6.21% 5.56-6.86% 5,326.90 | 491342
binomial

The selected model suggests the number of calves of southern right whales born in
Peninsula Valdés increased by 5.54% per year (95% CI = 2.27 - 8.79% per year) from
1999 to 2014. Even though the other models are not supported by data, the estimated
increased rate is the lowest estimation among all of the models.

For both response variables (whole population and calves), no other model
presents a AAIC less than 10, hence no other model, but the selected one, was
supported by data. All of the models that performed the best presented a negative
binomial distribution, with at least 448 AIC units less than their Poisson distribution
counterparts, indicating that overdispersion is present in data. The Julian day is the
predictive variable that presented the most influence on the number of censused
whales (data not shown), and also, the Julian Day? has an important influence,
suggesting that the temporal relationship with the number of counted whales is not
linear. The later can be deduced from the fact that the best fitting model irrespectively
of the error distribution includes this term.

The supported model of these GLM analyses of southern right whales censuses was
a negative binomial GLM that assumed linear dependence on Year and quadratic
dependence on Julian day for both of the used (Model 1, Tables 1 and 2). The estimated
Year coefficient was 0.03234 (SE = 0.00132) for the total of counted whales, indicating
that the southern right whales increased at a 3.23% annually. For the calves in the same
period, the coefficient of Year was 0.05539 (SE = 0.01629), indicating a higher annually
increased rate for the same period.

The negative binomial model with the lowest AIC score for both response variable
treated Julian day dependence as quadratic. For the whole population the sightings
increase from June to September, reaching approximately the same expected number of
whales for August and September (Fig. 2). The number of whales lately starts to
decrease from September to December, reaching it minimum in January. The model
predicts the presence of whales in the area during December. This behaviour of the
model is consistent on with the previous published information, but it predicts that the
maximum number of whales could be reached from August to September, not during
September as it always was assumed (Rowntree et al., 2001). The model shows that
depending upon the Year, the bulk of whales can arrive early or later during the
season. The model that uses as response variable the number of calves shows a similar
pattern, increasing from July onwards. The maximum number of calves in the area is
attained during September, and decreases abruptly until December (Fig. 3). The
proposed models are not able to cope with the year-related variation in the arrival of
the whales to Peninsula Valdés area. The information required for doing so is not
available at the moment, but mean monthly STT in South Georgia Islands area, or
productivity are candidate variables to model this temporal variation.

Regarding the models supported for the other two additional response variables
(Solitary individuals and Mating groups), the results are summarized in Table 3. Both



observed response variables are best supported by the same model structure as the
Total number of whales and the Calves (data not shown), but the estimates for the
effect of the year is non-significant.

Table 3: Negative binomial models for southern right whales censuses,
using year (Y), month (M) and Julian day (JD) as predictor variables. For
each model, the effect of the variable Year is expressed as an annual
increase rate and its associated 95% confidence interval (CI). SI model uses
as a response variable the Solitary individuals and MG model uses as
response variable the individuals counted in Mating Groups.

Response . Error Effect of
. Variables R 95 % CI
variable ! distribution the Year ’
Negative o o
SI Y +JD +JD2 . . -0.21% -4.30 - 4.63 %
binomial
Negative o o
MG Y+M + M2 . . -0.74% -6.61-4.94%
binomial
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Figure 2: Total Number of whales predicted by best fitted model. Red dots are actual
observations and green shadow area represents IC 95% for the estimates.
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Figure 3: Total Number of calves predicted by best fitted model. Blue dots are actual
observations and red shadow area represents IC 95% for the estimates.

This rate of increase for the total of whales in the area is relatively low when
compared with the previous published information (Cooke et al., 2001; Rowntree et al.,
2013; Crespo et al., 2014). In order to detect a trend in the rate of increase, estimates
using the same model selection procedure were performed, using the information
available. The best fit model for every data set was the same as the selected for the
whole set (Table 1), including the year, the Julian day and the Julian Day? and a
negative binomial error distribution. The first estimate is for the year 2007 (from 1999),
and sequentially models including the year 2008-2014 were adjusted (Figure 4). For
2007 the r= 6.22% [CI 0.44 - 11.25%], and decreased at a rate of -0,45% annually (Linear
regression, p< 0.001).
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Figure 4: Rate of increase from the best fit models adding
sequentially data from years 2007-2014. Grey shadow area
indicates the CI 95% for the estimates.

Considering that the general trend of the population in the surveyed area is
increasing, although the rate is steadily decreasing, that the calves are increasing at a
rate close to the previously reported and that the Solitary Individual and the Mating
Groups are no longer growing, the most likely scenario includes a relocation of the
whale in the Peninsula Valdés area. Mother-calf pairs are occupying the coastal zone
(ie: the optimal habitat), while Solitary Individuals and Mating groups are forced to use
suboptimal habitats. The trend found could be an indication that the area is getting
close to it carrying capacity for the optimal habitat. This coupled with the fact that
more whales are sighted each year outside the surveyed area, lead us to propose that
the south Atlantic population still grows at a high rate. Whales are recolonizing pre-
depletion areas, both along the argentine coasts as in south Brazil and Uruguay. For
the surveyed area, we propose that in the next few years the Solitary Individuals and
the Mating Groups will be found in deeper waters inside both gulfs and the outer ridge
of Peninsula Valdés. Also, in the surveyed area, we can expect observe to density-
dependent effects on population parameters, including perinatal and calf mortality.

2) Estimation of the number of whales in deeper waters

Given also that there is an unknown number of whales out of the monitoring zone
in the coastal area, it was decided to estimate this figure by means of several nautical
surveys in deeper areas of Golfo Nuevo and Golfo San José. Random transects were
carried out by a research boat from January 2001 to August 2012 on both gulfs during a
study focused on the behaviour and ecology of dusky dolphins (Lagenorhynchus
obscurus). This allowed gathering information on southern right whales in deeper
areas. However, it was observed that density was not homogeneous in the gulfs. A



high variability of density was observed within years, between years and between
zones. Therefore, a specific distance sampling survey for counting whales was carried
out in 2014 choosing one area close to Puerto Madryn. Transects were disposed with a
zig-zag pattern in an area of 112.55 km? (shaded area in Fig. 5). The chosen area is close
to one called El Doradillo, which has been reported as a high density area (Crespo et
al., 2014). Southern right whales groups were recorded with geographical location and
perpendicular distance estimated by eye.

Right whale density was estimated in deeper areas using the standard distance
sampling methods (Buckland et al. 1993, 2001). Data were analysed using the program
DISTANCE 6.2 (Thomas et al. 2010). Data were pooled in intervals to allow a
monotonically decreasing frequency distribution of animals. Distance larger than 1000,
were truncated. Model selection for detection probability was performed using
information criterion (AIC). Essentially, the program fits a detection function to the
distribution of perpendicular distances and this function is used to estimate the
effective strip half-width (ESW). Then, the density is given in the following equation:

n

A
2L*p

D-

where n is the number of sightings on effort, L is the total search effort, p = Iowg(x) and

g(x) is the detection function. The quantity n/L is referred to as the encounter rate that
is the number of sightings per km surveyed.
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Figure 5: Nautical surveys in deeper waters for dusky dolphins and southern
right whales
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Figure 6: Detection probability function of southern right whale sightings in nautical
surveys

Table 4: Parameter estimation for offshore areas. ESW: effective search width.
n/L: encounter rate. D: density

Parameter Point Percent Coef. of 95% Percent
Estimate Variation Confidence Interval
ESW (m) 186.8 427 823 - 4240
n/L (individuals/km) 1.07 19.7 0.65 - 1.77
D (individuals/km?) 41 47.5 1.6- 10.2

We recorded 60 whale groups of size one or two. The model selected was the
Hazart Rate (Fig. 6). The CV% for density was rather high (Table 4). Detection
probability, encounter rate and group size contributed to the variance with 81%, 17%
and 2% respectively. Density (D) obtained in this area was 4.1 whales/km?2. A rough
estimation of abundance in this area is 470 whales (CI95% 191; 1159). However, the
surveyed area is only a small part of the gulf. It is remarkable that the density in
offshore areas is very similar to the high density areas inside the monitoring zone.
Therefore, the total number of whales in the monitoring zone is underestimating the
real number of whales that could be circulating in the area.

3) Estimation of the nummber of whales passing through and number of calves born
in PV area

The number of whales estimated by GLM presented in the previous section for the
coastal zone is an instantaneous count of whales encountered at any given Julian day.
However, given that the whales remain in the area for specific periods, the whales
counted early in the season, are not the same to the whales present in the middle or at
the end of the season.

According to Rowntree et al., (2001), females with calves remain significantly
longer on the nursery ground than other whales. In 1973, females with calves stayed
on average 77 days (SD = 36.4, n = 36, range 15-170 days) while other whales stayed 52
days (SD =34.4, n = 57, range 8-145 days).

Based on this fact, and as a conservative measure, we decided to develop a
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cumulative function model to estimate the total number of whales moving around
Peninsula Valdés area each year considering the residence times estimated for females
with calves.

We developed this model based on the following premises: 1) the number of days a
whale remains in the area is a sample from a normal distribution; 2) we can estimate
accurately the number of whales present in the coastal area for each Julian day. The
model is based on a cumulative function that takes into account the variation on the
number of days an individual whale remains in the area and the number of whales
estimated for each day of the year.

The cumulative function was built using the best fitted model from section 1. The
model can estimate the number of whales for a given Julian day ¢ in the year y:

_ ,—a+by+ct—dt?
Biyy =e 1<t<365

1999 <y < 2014

Where the parameters a, b, c and d are

a=77,41=7,741x10"
b=0,03234=3,234x107
c=0,1605=1,605x10"

d =0,0003323 = 3,323x10™*

The cumulative model is presented for the all group types combined, without
discriminating among solitary individuals, mating groups or mother calf pairs. For
every whale the time spent in the area is drawn from a normal distribution with mean
p =77 and deviation ¢ = 36. (Rowntree et al, 2001). This model and the probabilistic
distribution of the permanence of one whale in the surveyed area allow us to estimate
the total number of whales A(X, y) that came to the study area the first day of the year
y, until the Julian day x of the same year. We obtained the A(X,Y) estimation in terms

12
N(t)=e 2 by the Fourier

1
of B(t,y)and the unitary normal distribution
Y N27
Transform. This Transform is used in ecology in spectral analysis (Legendre and
Legendre, 1998). In Appendix 1 is proved that

AX,y) = B(X, y) +— Z[ I (GIJB(X t,y)dt— J- (t\}%jB(t,y)dt

0

According to our model x is the maximum Julian day in which the last whale
arrived to the area, and hence writing x = nu and using the integer part of n = % ,

we can estimate the total number whales that used the area during the year y.

For the last surveyed year, the estimated number of whales that used the
Peninsula Valdés coastal area is 1556.
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Figure 7: Estimated number of whales that circulated in the Peninsula Valdés coastal
area during the year 2014.

Using the same cumulative function we were able to estimate the number of calves
born in Peninsula Valdés each year. The model holds using the appropriate parameter
set as follows for the number of calves:

a =128 = 1.28x102

b = 0.05539 = 5.539x1072
c=0.1792 = 1.792x1071

d = 0.0003588 = 3.588x107*
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Figure 8: Estimated number of calves born in in the Peninsula Valdés coastal area
during the year 2014.
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The model estimates presented in the Fig.7 are to be taken as the minimum
number of whales transiting the coastal area of Peninsula Valdés, since a key
parameter of the model (i.e.: y) is taken to be 77 days, and it was applied to every
whale without discriminating into groups. Seventy seven days is the mean time spent
by mothers with calves, the group with the longest permanence time (Burnel and
Bryden, 1996, Rowntree et al., 2001). Other whales stayed 52 days (Rowntree et al.,
2001) or even shorter periods when they are solitary individuals (Burnel and Bryden,
1996). Decreasing the mean time of residence in the study area will increase the total
number of whales using Peninsula Valdés.

The model estimates presented in the Fig.8 are the number of calves born. This
model should be further examined in order to get the minimum and the maximum
number of calves born in the area, using several scenarios including a shorter and
longer residence time and the lower and upper limit estimation for the increasing rate
model. This cumulative model shows a slightly fluctuation near it maximum because
the model was constrained to be 0 in the last part of the year (December). This model
allows us to estimate the number of calves born from 2003 and on. The estimations are
presented in the next section along with an analysis of the death rate of the calves in
the area.

4) Analysis of mortality rates of calves around Peninsula Valdés

During the last decade many southern right whale calves died on their calving
ground at Peninsula Valdés (Rowntree et al., 2013) calling the attention and concern of
scientists and conservation organisations. Once estimated the number of calves born
around Peninsula Valdés, the objective of this section was to analyse the trend of
mortality rates trough time. Data of live and dead calves was obtained from Brownell
Jr. (1986) for the period 1971-1973 and 1981-1982 and data on dead calves for the
period 2003-2014 was obtained from Di Martino et al., (2013) (Table 5). The number of
estimated calves born each year was obtained by means of the cumulative function
developed in section 3. Calf mortality rate was calculated as the proportion of calves
found dead with respect to the total born each year (Table 5).

Table 5: Mortality rates of calves

Year Estimated calves born | Calf mortality rate
1971 21 9,52
1972 28 3,57
1973 38 2,63
1981 37 5,41
1982 40 7,50
2003 253 12,25
2004 268 4,85
2005 283 16,61
2006 299 6,02
2007 316 26,27
2008 334 29,94
2009 353 22,95
2010 373 14,75
2011 395 15,44
2012 417 27,82
2013 441 15,19
2014 466 3,43
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A linear regression was fitted to the calf mortality rate showing a significant slope
0.315 (CI 0.053-0.58) (F=6.55; DF: 1, 15) (Fig. 9). It is clear that mortality rates are
variable between years. Maximum rates were observed in 2007, 2008 and 2009, being
the highest rate in 2008 reaching almost 30%. However, minimum rates were as low as
those observed in 2004 and 2014. The rates observed in the former years, (1971-1973;
1981-1982) show the same pattern of variability with ranges from 2 or 3 to 10%.
Nevertheless the significant regression indicates probably density-dependence in the
mortality rates. This is coherent with the decline in the rate of increase of the
population and the occupation of deeper areas during the last decade (Crespo et al.,
2014).
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Figure 9: trend of the mortality rate of calves” trough time
DISCUSSION

The analysis of the information presented in this paper supports that the Southern
Right Whale population is increasing in the nursing area around Peninsula Valdés. In
spite that the number of whales in the surveyed area is increasing, the rate is steadily
decreasing. Density has been also increasing and whales have been expanding their
distribution to deeper waters during the last decade (Crespo et al., 2014). The analysis
of mortality rates since the early 70’s show an increase. All these facts together are
coherent with a density-dependence response. The same effect was also shown by
Rowntree et al., (2013) when they compared the increase in calf mortality with the
increase of living calves.

With regards to the rate of increase, the calves increasing at a higher rate than the
Solitary Individuals and the Mating Groups, which almost show no increase. These
differences could also be explained by the fact that some adult whales could be moving
to other peripheral areas as shown by the number of breeding groups and solitary
individuals sighted in Golfo San Matias. This could be due to a non-stable age
structure within this population (Caughley, 1977).

It should be considered that the analysis of GLM models and the estimation of the
total whales and calves born with the cumulative function only considered the coastal
strip. However, in section 2 it was demonstrated that many whales are off the coastal
zone in deeper waters. Previously we have reported a shift in the proportion of the
different groups type recorded from each side of the plane, and the proportion of
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mother-calf pairs is higher than expected on the coastal side (Crespo et al., 2014). The
estimates of the number of whales in the deeper waters of Golfo Nuevo are a clear
indication that the 5m corridor or “whale road” proposed by R. Payne is no longer the
only place where southern right whales are to be found in large numbers (Payne, 1986).
One thing we need to clarify is the proportion of whales that can be found in deeper
waters. Also, is clear for us that whales are not evenly distributed in deeper waters,
with more whales surrounding the areas of high density in the coastal zone. An
extensive boat based survey must be undertaken in the next seasons, including both
high and low density areas inside the gulfs, for us to be able to make accurate estimates
of the population size.

The surveyed area for the southern right whale includes most of the population off
the coast of Argentina, and could be considered as the optimum habitat for the species
on its breeding grounds. Considering that Peninsula Valdés as the optimum habitat,
once it becomes saturated, the rate of growth in the area should decrease, and the
whales should start to move to other regions, less dense and in which the rate of
growth could be higher. There are clues that indicate that this could be the case, as
shown by the number of whales occupying deeper waters in Peninsula Valdés, the
increasing number of whales spotted in Golfo San Matias, Buenos Aires, Uruguay and
Santa Catarina in southern Brazil (Groch, et al 2005, IWC. 2010). The actual population
rate of increase would be a combination of the growth in the optimal habitat and the
rate of expansion to more peripheral areas.
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Appendix 1
A(X, y) Estimation

If we denote E(t, y) as the number of individuals that came into the Golfo Nuevo from
the beginning of the year until the Julian day ¢, then

A(,y) = [ E(t y)dt
We suppose that the time a particular whale remains in the surveyed area has a

Normal distribution with mean p and standard deviation . We denote the density
function of this distribution as p(t) .

1 42 (t—_u]
p(t)—cme —GN -

1o
1
if N(t)=—=—¢e 2
N2
We also can assume thatS(t, y) is the number of whales that leave the study area the
Julian day ¢ of year y, therefor

+o0

St Y) = [ plt—X)E(x y)dx = (p*E)(t, y)

—0

Where the convolution operation, denoted as * with respect to ¢. The former functions
namely “number of whales entering” E(t,y) and “number of whales leaving” S(t, y)

the study area are connected to the number of estimated whales B(t,y) by the
following equality:

E(t, y) _S(t! y) = B(t, y) - B(t _1; y) = Bl(t’ y)
that is

Et,y)=B'(t,y)+(p*E)(t.Y)(a)
The Fourier Transform (Stein et al., 1971; Hildebrand, 1976; Legendre and Legendre,

1998) is frequently used in problems related with harmonic analysis and differential
equations. It is a useful tool for calculation the unknown function E(t,Yy)in terms of

the known functionB(t,y). If we use the Fourier Transform to (a), we obtain the
Transform of E(t,Y), then we applicate the inverse Transform and obtain

E(t,y)=B(t,y)+(Q=*B)(t,y)

Where Q(t) only depends of the density function p(t) . In this way we obtain
A(x,y) =B(x,y)+(Q*B)(x,y)-(Q*B)(0.,y) =

=B(xy)+ J-Q(t)B(X—L y) —IQ(—t)B(t, y)dt
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In numerical terms is possible to obtain a simpler expression of Q(t,y), if
1.0
—3t

N(t)=——=e 2 and using the Fourier Transform’s elemental properties, we obtain

NPT
-2 3]

Hence, the number of whales that came into the surveyed area by day x of the year y is
given by

+00

A(X, y)=B(X,y)+— Z\/_J‘ [t \/k_“jB(x t,y)dt— J. (t;/%)B(t,y)dt

0

In terms of p(t) we get

A(X, y) = B(X, y) +iik[j p(t_k%je,(x—t, y)dt — I p(“k%]B(t, y)dt]
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