
Reproductive status of marine 
mammals

The pregnancy rate signals female reproductive 
status with can be indfluenced by disease, food 
availability, stress and hazardous substances. 

Currently a status evaluation for the Baltic Sea 
has only been done using the grey seal.

In order to be applicable in the whole HELCOM 
area, the indicator should includes all species of 
seals and marine mammals that occur in the 
Baltic Sea. 

Good Environmental Status (GES) boundaries are 
set at annual pregnancy rate 90% for all species 
for adult seals during exponential growth.

Here described by the 
’’pregnancy rate of grey seals’’



Reproductive status of marine 
mammals

It can be estimated by inspection of reproductive organs 
from adult seals. 

Sexually mature females can be distinguished by that they 
have ovulated, which can be seen in their ovaries, where a 
corpus luteum has been formed. 

*Proportion of pregnant is estimated by the number of 
females that have a fetus during the relevant months

Birth rate is defined as the proportion of mature females 
which bear signs of having completed a pregnancy

The difference between birth rate and pregnancy rate 
indicates fetal mortality. A common practice is to calculate 
pregnancy rate from autumn samples and birth rate from 
spring samples.

Methods:



Reproductive status of marine 
mammals

Base line values for pregnancy

Harding and Härkönen 2007

Assessment protocol figure 2. Pregnancy rate in 4-6 year-old females (first column), 
6–20 year-olds (second column), and all age classes 4-20. Based on by-caught and 
hunted seals during 2002–2009. (Bäcklin et al)



History of pregnancy rates in the Baltic 
Sea

Fig. 1. Dräktighet hos  4–20-åriga Östersjösälar
under tre decennier. I takt med lägre halter av 
PCB förbättrades fruktsamheten fram tom 2009.

* 95,5%



Current Indicator update 2011-2016

Fig. 2. Pregnancy rate in adult grey seals (2011-
2016). Annual frequencies to the left. The right 
red dot is average for all years. 95% CI are
illustrated by grey lines. Sample size (n) is given 
above the graph.



Conclusion pregnancy rate
/Reproductive status

• Data from 57 adult grey seal females
collected in Finland och Sweden (hunted) 
during 2011 to 2015 (four animals from 
2016) show that 80,7% were pregnant and 
the confidence limit were 68,09-89,95, 
thus below GES (90%). 

• A Chi-square-test tell that the value is 
below GES with high significance
(p=0,007). Thus grey seal pregnancy rates 
has declined below GES which is a change
since the last evaluation. 

Statistical evaluation by Anders Bignert NRM



Why a decline in pregnancy rate?

• Blubber declines too, lower prey quality? Kauhala et al 2017.

• Energetic stress – ’’year skipping’’ (common in seals)

• New pollutants?

• Stress from poor ice conditions?

• Over fishing?

• Disease?

• Can explain part of the decline in the indicator ’’Trend’’ – if it 
is confirmed.

• Indication that something is happening – further studies can
investigate why!



Way forward to extend the indicator:

• Suggestions:
• Include all female seals collected in all countries and check for 

trends also in other segments of the population.

• Study Age at Sexual Maturity (ASM) – it is likely to change now

• Pregnancy and birth rate and the difference between them

• Different subsamples such as by caught and stranded healthy vs sick 
seals.

• When abundance is at carrying capacity – set this indicator to
’’green’’ too, or set a lower security threshold?



Extra slide
High growth rates demand high survival

and reproductive rates

Red line = birth rate 0,75
Black line = birth rate 0,95

Grey area means unlikely combinations
of life history values.

Lines give different population growth rates95%
75%

To maintain 1.10 in growth rate; birth rates have to be about 90% 
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N.b. Pregnancy rates
are lower than birth rates



(Extra slide)



Nutritional status of marine 
mammals.

Here measured as Blubber thickness
A population level = demographic 

measure.



Method..

Measurments have been made on many spots on the seal body to compare
which one best correlate to the entire blubber cover (sculp) of the whole body.
Strong correlations to total sculp volume.
Estimate of body condition (LMD-idex) similar to to BMI in man.



Fig. 1. Latest updating of the indicator blubber thickness (2011-2016). Both
by-caught seals and hunted seals are below GES (Good Environmental
Status). This is the mean and CI of blubber thickness from sub adult grey
seals collected during the autumn (Aug-Dec).
Base line during early years with exponential growth was above 40 mm and 
35 mm.



Fig. 2. Another representation of data on blubber thickness in 
subadult rey seals. Three year average and standard errors. Hunted
(black) and by-caught (red) animals have a similar declining trend. 
Collected in August till December. (Kauhala et al 2017)



Summary

• Blubber layer thickness is an important 
parameter, affecting somatic growth, age at 
sexual maturity, fecundity, age specific mortality 
as well as vulnerability to parasites and diseases.

• Extentions and improvment of the indicator is to 
include all species and all individals in one 
common data base. Statistical analysis will then 
allow trend analysis in different segments of the 
population in all countries.



End



Demography..

…is the statistical study of 
populations.

• Demography
encompasses the study
of the size, structure, 
and distribution of 
populations, and spatial 
or temporal changes in 
them in response to 
birth, migration, ageing, 
and death.

Weight-specific neonatal mortality and the 
distribution of weights for live births, USA, 
1998. Human population.



Demography..

Weight-specific neonatal mortality and the 
distribution of weights for live births, USA, 
1998. Human population.

Example of demographic
analysis, we can see a large scale
patter. 
The causes behind can be 
multiple
and vary from time
to time, and population to 
population



Growth curves for human infants
estimate average growth over entire

populations



Growth curves for human infants
or birth weight act as indicators

https://ourworldindata.org/fertility/



http://ourworldindata.org/wp-
content/uploads/2014/02/ourworldindata_tfr-
by-income.png

Causes behind a trend can be
searched for and understood later

More research to understand
patterns in population data



Demographic data can produce
population growth predictions..



Blubber thickness of young seals

• Used as a demographic measure of 
population ’’state’’. 

• It can not disentangle the various
causes behind a certain trend, but it 
can:

• 1. Act as an early warning –start the 
search for causes!

• 2. Can influence future seal
Abundance and Distribution!



Nutritional status of marine 
mammals

Why is blubber thickness such a 
good proxy and so widely used in 

ecology and monitoring of seals and 
other vertebrates?



Blubber = energy = life

• In nature resource such as food come in irregular
pulses. For example think of herring shools in the 
Baltic sea. (The temporal and spatial distribution, 
and nutritional status of herring).

• During peaks in prey availability, predators such
as seals and sea birds eat excessively in order to 
store energy (in the form of blubber) for the hard 
times that will inevitably come after the peak.



During hard times

• Blubber layer decline.

• Thermoregulatory costs increase

• Drag increase

• Starvation

• Immune system functions level of

• Parasites can take hold

• Death occurs of the smallest and leanest



Size of pups and survival up to 
reproduction (large Canadian study).

Figure 1 Mass and body lengths at weaning are correlated to the 
probability to survive (Bowen et al 2015).



Blubber thickness in our seals

• Is correlated to weight, and total 
body fat and length, it has to do 
with the energy reserves an 
animal has been able to store at 
a certain time.

Blubber thickness and a measure of total body fat (LMD) (Andre Hermansson 2016)

This graph illustrates how body fat content (% fat estimated by the LMD-index) 
was among individual seals for a given sternum blubber thickness (mm), of grey
seals shot, caught as bycatch or found dead 2002-2012, n=1375. 



Proportion body fat in the body in 
healthy adult females

The %fat (LMD-index) of healthy 4+ year-old female grey seals caught by 
hunting from September to December over the years 2002-2012, p=0.045, 
n=23. (Andre Hermansson 2016)



Blubber 1-3 yr Baltic grey seals

y = 0.7151x2 - 10.597x + 71.557
R² = 0.0869
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Figure 1. Seasonal changes in blubber thickness of 
1-3 year-old hunted grey seals (Combined Swedish 
and Finnish data, n=210). The mean of all data in 
Figure 1 recalculated to October is 39.1 mm (SD 
9.9mm). 



Ice breeding is better. (Higher
weaning weight in the Baltic (Jüssi et 

al 2008).)

http://i.dailymail.co.uk/i/pix/2008/12/05/article-1092265-
02B461C3000005DC-899_468x286_popup.jpg



Define GES

• The concept for defining a GES-boundary for 
nutritional status of seals is derived from the 
general management principle in the HELCOM 
Recommendation 27/28-2, which states that the 
population size is to be managed with the long-
term objective of allowing seal populations to 
recover towards carrying capacity levels.

• The recommendation further states that the long 
term goal is to reach a health status that ensures 
the future persistence of marine mammals in the 
Baltic.



GES values Baltic grey seals

Figure 3. The mean annual blubber thickness ± SD in examined 1-3 years old non pregnant by-
caught (1995-2009) and hunted (2002-2008) grey seals in Sweden and Finland. All were by-
caught or shot between August and February (Bäcklin et al. 2013). Green line show GES at 
carrying capacity.



GES values Baltic grey seals
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Assessment protocol.

• Observed data is to be merged for 3-5 year 
intervals, depending on sample size, to be used 
as input values in Bayesian analyses with 
uninformative priors, where it is evaluated if 
observed data from an assessment unit achieve 
the GES-boundary value. 

• The package Bayesian in the program R is used in 
the analysis. 



Main result: Not GES (Nutritional 
status of marine mammals)

The nutritional status indicator signals short-medium 
term changes in food supply for the seals. 

Only grey seals have been used in the current evaluation 
and found not to achieve GES in the time period 2008 

and later.

In order to be applicable in the whole HELCOM area, 
the indicator includes all species of seals that occur in 

the Baltic Sea, however data has so far been insufficient 
for evaluations using the other seal species or other 

marine mammals. 

( The years in the legend should be 2002-2011, that is 
when the samples behind the GES assessment were 

collected.)



Ringed and harbour seals

• Ringed seals nutritional status is suggested to 
be declining. GES boundaries are not 
established yet. 

• Harbour seals The Kattegat and Limfjord sub-
populations may be approaching carrying 
capacity, since the annual growth rates are 
levelling off. GES boundaries with regard to 
blubber thickness are not finally determined.



Outcome of STATE & CONSERVATION 4-2016 
related to the HELCOM core indicators on seals 

• Nutritional status of marine mammals and Reproductive status of marine mammals
• STATE & CONSERVATION 4-2016

1. noted the clarification by Sweden and the proposal to first seek to agree on using the indicators 
as core indicators in the whole Baltic Sea area, while the proposal presented in the document, i.e. 
to only use the indicators in northern, central and eastern Baltic Sea, should only be considered if 
such agreement cannot be reached. 

2. noted the view by Finland that the indicators are good indicators for the population status of 
seals in the whole Baltic area and the wish to seek for a compromise solution for the indicators so 
that they can be used in HOLAS II. 

3. took note that Germany is not in a position to lift the study reservation on the core indicator. 
German experts have reviewed the documents and welcome that they have improved, however, 
the general concerns on the indicators remain i.e. whether they can be considered as good 
indicators of the health status of Baltic seals.

4. recalled the request to adjust the indicator to Danish waters and that Denmark is not in a 
position to lift the study reservation. Denmark also considers it challenging to get enough data 
from healthy seal populations for the indicator since only data from by-caught and stranded 
animals will be used in Denmark.

5. encouraged Lead country Sweden and the Seal Expert Group health team to find a solution and 
noted that Germany, as Lead country for the Seal expert group health team, is prepared to 
continue the discussion with a view to arrive at an agreement. 



Next steps.

• Update current state with data from all 
countries and for both stranded and hunted
animals.

• Develop GES-levels for harbour and ringed
seals

• Use the best statistical methods to test for 
trends.

• Develop an additional health indicator!






