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Summary

Many sites in The Netherlands are polluted. Some of these polluted sites harbour 
breeding populations of Black-tailed Godwits (Limosa limosa, ssp. limosa), a species 
classified ‘vulnerable’ on the IUCN and the Dutch Red list. The initial research aim 
of this thesis was therefore to answer the question “What are the population level 
effects of diffuse pollution, in the form of heavy metals, on Black-tailed Godwits 
breeding on contaminated soils in The Netherlands?”. For this purpose heavy metal 
concentrations were measured in soil, earthworms, godwit eggs and feathers, and 
population studies were conducted at a polluted and a reference site. In the polluted 
site, soil concentrations of Copper, Mercury, Lead and Zinc were significantly 
elevated as compared to the reference site and levels of both Mercury and Lead 
were above Maximum Permissible Concentrations (MPC) for secondary poisoning. 
In earthworms, the main food item of Black-tailed Godwits before and during the 
breeding season, concentrations of Cadmium, Copper, Mercury, Lead and Zinc 
were higher in the contaminated site than in the reference site. Finally, levels of 
Mercury and Lead in eggs and of Cadmium and Lead in feathers of adult Black-tailed 
Godwits were significantly higher in the polluted site than in the reference site, even 
though the species spends only part of the year in the contaminated breeding area. 
However, neither nest success nor the number of eggs hatched per successful nest 
differed between the two sites, whereas the maximum estimate for chick survival 
was significantly higher in the polluted site. Godwits started laying three days later 
in the polluted site than in the reference site and chick survival decreased with 
increasing hatching date. Total reproductive output in the two sites was lower than 
found in previous studies, and in most years reproductive output was too low to 
compensate for adult and juvenile mortality. Adult survival in the contaminated site 
was lower than in the reference site, but equal to that in two other non-contaminated 
sites, suggesting no effects on local adult survival. Moreover, estimates were similar 
to those from the 1970s and 1980s indicating that it is unlikely that the present 
population decline in The Netherlands is caused by changes in adult survival. 

As it proved difficult to find effects of heavy metals on vital rates of the Black-tailed 
Godwit population at the contaminated site, the focus of the project was shifted 
towards the dynamics of declining populations of Black-tailed Godwits and other 
meadow-breeding waders. Insight into population dynamics of a vulnerable species 
is essential for effective conservation. Therefore, we extended an existing modelling 
framework, to diagnose the population decline in five meadow-breeding waders; 
Black-tailed Godwit, Curlew (Numenius arquata), Lapwing (Vanellus vanellus), 
Oystercatcher (Haematopus ostralegus), and Redshank (Tringa totanus). The 
framework was based on a Leslie matrix model with three parameters: reproduction, 
pre-adult and adult survival. In general, adult survival had the highest elasticity, 
but elasticity of pre-adult survival increased with time to first reproduction, while 
elasticity of reproduction decreased. In all five species we advise that conservation 
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should focus on reproduction, and in Black-tailed Godwit and Oystercatcher also on 
pre-adult survival. For the Lapwing populations all demographic parameters should 
be targeted. 

We summarized available data on nest success, chick survival and reproductive 
output (number of fledglings produced per breeding pair), and adult and juvenile 
survival of these five species in Europe. The assembled studies on survival did not 
show an overall decline in adult survival in any of these species. However, our meta-
analyses on reproduction data show that chick survival declined strongly in the last 
40 years in western Europe, while nest success declined in eastern Europe (1995-
2005), in Scandinavia (1985-2005), and inititally in western Europe (1950-1980). 
Predation rates of nests have increased by c. +40% in all five species in western 
Europe during the last four decades. Results on reproductive output were less clear-
cut, possibly due to large estimate errors and a bias in the methodology. In all five 
species the results indicate that present population declines are caused by a decrease 
in reproduction, not in adult survival.

In the synthesizing discussion, another matrix population model is developed for 
the Black-tailed Godwit and parameterised with the data on vital rates from Blokland 
and Zeevang. In this model reproductive output is split into several reproductive 
parameters. The local populations at Blokland and Zeevang decline with around 9% 
and 2% respectively. An elasticity analysis of the two populations combined showed 
that population growth rate is most sensitive to adult survival, then to 1st year 
(post-fledging) survival, proportion breeding, hatching success and chick survival, 
closely followed by nest success. Probability of a replacement clutch and duration 
of adult stage are least important. Reproductive output needs to increase by 102% 
to 0.86 fledglings per breeding pair in order to reach a stable population. Such a 
large increase in reproductive output will be difficult to achieve, which implies that 
several reproductive parameters will need to be targeted, with the main focus on 
chick survival, the proportion breeding and nest success. 

Heavy metals may influence both survival and reproduction, but reproduction 
tends to be more sensitive, as developing embryo’s and chicks are generally more 
vulnerable to toxicants than adults and adults can partly expose of their heavy metal 
burden through sequestration into feathers and eggs. Though population growth rate 
is less sensitive to reproduction than to adult survival and the life history strategy 
of the Black-tailed Godwit is robust to stochastic breeding failure (a ‘bet hedging’ 
strategy), a persistent reduction of reproductive output such as may be expected 
from a chronic exposure to contaminants may ultimately cause population declines. 

By joining data on breeding densities of Black-tailed Godwits to data on soil 
characteristics and heavy metal concentrations, I estimate that c. 14% of the 
Dutch breeding population of Black-tailed Godwits is confronted with levels above 
Maximum Permissible Concentrations for secondary poisoning of at least one of the 
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Summary

heavy metals Cadmium, Lead, Copper and Zinc. This percentage would be higher 
if Mercury could also be included, but no data on Mercury soil concentrations 
were  available.

Although it is not likely that heavy metals are a driving factor in population declines 
of meadow birds, they may have additive effects on already vulnerable populations. 
Moreover heavy metals may pose a greater risk in the future, as concentrations of 
heavy metals in Dutch soils have increased and are increasing from anthropogenic 
sources. In the light of heavy metal pollution and declining meadow bird populations, 
we recommend that groundwater levels should be raised in fields with postponed 
mowing (a management agreement aimed at increasing nest and chick survival). 
This will make these fields more attractive to breeding waders and will improve 
conditions for adult females in the pre-laying phase, and may thus increase the 
proportion breeding. Moreover, increasing groundwater levels in peat soils may also 
diminish risks of heavy metal pollution, as it will stop oxidation of organic matter, 
which causes heavy metal concentrations to slowly increase. However, in areas with 
high levels of Mercury contamination caution is recommended, as anoxic conditions 
may increase methylation rates, increasing bioavailability and toxicity of Mercury. 
For this same reason, in such areas even more care should be taken when inundating 
meadows for meadow birds, another type of management agreement. Finally, in 
areas with heavy metal contamination, applying Calcium may decrease heavy metal 
exposure, by increasing pH and reducing heavy metal uptake.

Boek Dissertatie Roodbergen.indb   151 29-9-2010   14:51:23



152

Boek Dissertatie Roodbergen.indb   152 29-9-2010   14:51:23


