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The aim of a restoration plan is to establish or reinforce 
a population that should be able to sustain itself subsequently. 
This aim may be pursued through a range of more or less 
direct measures (from habitat management to the introduc-
tion of new individuals). Whatever the means used, the 
obvious measure of the success or failure of a restoration 
plan is the achieved population growth rate (ρ). However, 
assessment of population growth rate (PGR) determines 
only whether the restoration was successful (ρ > 1) or not 
(ρ < 1), not the reasons for it. Knowledge of these reasons 
is important in order to modify the restoration plan as it pro-
ceeds or to draw lessons for future restoration enterprises. 
Therefore, as argued by Robert, Couvert & Sarrazin (2007), 
demography, which mediates all factors affecting population 
size, should be closely looked at as well.

It happens that one of the best ways of studying demog-
raphy in the wild (see Caswell, 2001, for a review), namely 
the follow-up of individually marked animals, known as 
the capture–recapture method (CR hereafter), also permits 
direct estimation of the realized PGR (Pradel, 1996). CR 

thus provides a very complete tool for monitoring a resto-
ration project. Additionally, it can easily be put in practice 
during restoration projects by marking introduced animals 
before they are released. In the next section, we compare 
this method to more traditional methods for estimating 
PGR. In section on Three short case studies, we examine 
some real examples drawn from our experience. Finally, we 
conclude by drawing lessons from the examples and dis-
cussing more generally the advantages and shortcomings of 
the CR approach.

Comparison of capture–recapture to other methods 
for estimating population growth rate

PGR can be estimated by a purely phenomenal approach 
that consists of comparing successive census data or by a 
purely analytical approach whereby the demographic mech-
anisms are examined one by one before being put together 
in, for example, a Lotka–Leslie matrix model to derive the 
PGR. The CR approach, as we will see, falls somewhere in 
the middle because it provides direct assessment of PGR but 
also offers some opportunity to study the mechanisms.

Comparison of successive counts is arguably the most 
natural approach. However, besides offering no insight at 
all into the mechanisms responsible for population change, 
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this approach presents a number of practical difficulties. 
One obvious difficulty is that detecting all animals pres-
ent in a population is rarely feasible; hence, knowledge 
of the absolute population size will remain most of the 
time out of reach. A related problem is that detectability 
is often very heterogeneous among individuals, such that 
a sometimes very large fraction of the population remains 
elusive. Population counts are thus almost certainly partial 
and hence should be considered an index of abundance, 
like track counts, counts of nests, and so on. Indices of 
abundance, and hence partial counts, can indeed be used to 
estimate PGR if their relationship to abundance is known, 
but unfortunately this is rare (Williams, Nichols & Conroy, 
2002). Even in the most favourable case, where the index 
can be deemed proportional to abundance, estimating PGR 
as the ratio of successive indices carries statistical difficul-
ties. Because the indices represent the population size with 
some stochastic error, the successive estimates of PGRs 
obtained in this way are negatively correlated. Under these 
circumstances, the sensitivity of PGR to a covariate cannot 
be examined easily.

The CR approach does not suffer from these limita-
tions. Detectability is taken into account, and PGR is directly 
a parameter of the CR models, so any correlation between 
the successive PGR estimates is automatically taken into 
account. Heterogeneity of detectability is the only one of 
the above-mentioned problems not addressed in the origi-
nal CR model (Pradel, 1996). However, this model can be 
generalized to accept a mixture of individuals with differ-
ent capture probabilities (R. Pradel & P.-Y. Henry, in prep.) 
Even without this improvement, it has long been known 
that parameters that are ratios of numbers of animals, such 
as PGRs or survival rates, are only weakly affected by cap-
ture heterogeneity. For instance, Figure 1 contrasts, for an 
increasing degree of heterogeneity, the large bias in the CR 
estimate of population size with the small bias in the esti-
mate of annual survival (Carothers, 1973). The PGR estima-
tor, being a ratio of ratios (see Pradel, 1996), is expected to 
be even more robust to recapture heterogeneity than the sur-
vival estimator. This has indeed been verified at least once, 
on the northern spotted owl (Strix occidentalis caurina) 
populations of the western United States. Hines and Nichols 

(2002) found that the bias remained very low (less than 5%) 
through a range of different scenarios. It is worth noting that 
capture heterogeneity did tend to give the false impression 
that PGR was decreasing near the end of the time series (see 
Figure 4 in Hines & Nichols, 2002). Hence, caution should 
be taken when investigating trends in PGR: a positive trend 
can be trusted, but a negative trend could be spurious and 
should be double-checked. One way to do so is to retain 
only some of the first study years and to repeat the analysis 
on the truncated data set. If the trend is spurious and due to 
capture heterogeneity, then the PGR estimates for the new 
“last years” of the study should be affected in turn and thus 
estimated below the values obtained for the same years with 
the complete data set. If the trend is real, similar PGR esti-
mates for the same years should arise in both analyses.

But one of the main attractions of the CR approach 
is that, unlike census data, it provides access to the mech-
anisms responsible for changes in population size. For 
instance, population size may remain constant because sur-
vival is very high and there is virtually no reproduction (or 
immigration), such that the same animals are present all the 
time. This is what is expected for long-lived species such as 
cetaceans, chelonians, or procelariiforms. On the other hand, 
there might be a huge turnover, with virtually every animal 
present at the beginning of the study dying before its end, 
but with their losses compensated for by similar numbers of 
new recruits (as in many short-lived species). Because the 
new animals, unlike the old ones, are unmarked, the 2 dif-
ferent scenarios can be distinguished by CR, whereas they 
are indistinguishable with census data. The marked animals 
can be thought of as a tracer poured into a liquid; a strong 
turnover dilutes them much more than a weak one.

This emphasis on the mechanisms is at the core of 
the analytical approach to the estimation of PGR, which 
is the common alternative to census data. In the analytical 
approach, one seeks to measure the flows of animals in and 
out of the population due to immigration and birth on one 
side, emigration and death on the other side. The results are 
generally gathered in a population matrix model from which 
the asymptotic PGR, λ, can be deduced (see, for instance, 
Caswell, 2001). This approach has a theoretical flavour 
as it serves generally to examine different scenarios and 
yields, not the realized PGR (ρ), like the CR approach, but 
the theoretical asymptotic PGR (λ) reached when all things 
remain equal for an indefinite but very long time. This is 
a profound difference, and one not stressed enough in our 
view; this difference justifies the use of a different notation 
for the CR PGR estimate, as in the original paper (Pradel, 
1996). The completely analytical approach is in fact very 
demanding, and in practice some aspects of the population 
dynamics are so difficult to quantify that the poor quality 
of the estimates there may hamper the method as a whole. 
Particularly demonstrative in this respect is the study of 
the northern spotted owl populations in the western United 
States. Researchers concluded after 5 y of comparing the 
population matrix approach to the direct estimation of PGR 
using marked individuals that the CR approach was supe-
rior, and they used it exclusively afterwards (Courtney et al., 
2004). Among the most problematic aspects were estimation 
of breeding propensity (a component of fecundity), immigra-
tion, and emigration. For species with larval stages, we can 

FIgurE 1. When heterogeneity of catchability increases, population size 
is more and more underestimated. Survival is underestimated but to a much 
lesser extent (from Carothers, 1973, Table 4).
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add to this list fecundity of breeders and early survival. Each 
of these aspects deals with elusive stages or individuals. The 
CR approach is not very useful for this type of individuals, 
but it does enable estimation of the gross inflow and outflow, 
lumping together local recruits and immigration with respect 
to the former, and deaths and emigration with respect to the 
latter, and thus permitting at least identification of the broad 
area where a problem may occur. For more detailed infor-
mation, protocols such as multi-site sampling (Nichols & 
Pollock, 1990) and the robust design (Nichols et al., 2000) 
are worth considering. The CR approach has now been used 
several times with many different species (see Table I). We 
examine hereafter 3 unpublished examples taken from our 
experience.

Three short case studies
WHItE StOrk POPulatION OF BadEN-WürttENBErg 
(gErMaNy)

The first example concerns the white stork (Ciconia 
ciconia) population of Baden-Württenberg (western 
Germany) during the years 1956–1971. This was a period 
when all Western European populations of the species were 
declining (Bairlein, 1991). This spectacular decline has been 
well documented. As there was an ongoing ringing program 
in the Baden-Württenberg population at the time, it is pos-
sible to try to detect the decline through CR data. The ring-
ing scheme consisted of visiting the nests and ringing the 
young before they could fledge. Later, when ringed white 
storks returned as adult breeders, they could be followed 
over the years. These re-observations of marked individual 
animals constitute the time series that are used for studying 

the changes in population size hereafter. Note that since data 
are available only on individuals ringed at nest, estimates of 
PGR are representative only of the fraction of the population 
that is of local origin. More precisely, the method estimates 
the growth rate of the marked fraction of the population. 
Its application yields a point estimate of the average annual 
PGR over the entire period that is lower than 1, hence point-
ing to a decline, but the 95% confidence interval contains 1, 
so the analysis is not conclusive (Table II, first row). This 
is at first surprising given the sharp decline known to have 
occurred. There are in fact 2 problems with this calculation. 
First, there is evidence that the decline did not start before 
the early 1960s, so a different time window would be more 
appropriate for detecting the decline. Second and more 
important, the conditions for the correct application of the 
method are not met. Ideally, the ringed animals should rep-
resent a random fraction of the breeders. However, because 
of the ringing protocol, during the first years of the study 
ringed storks are necessarily young storks. And because 
they are younger than average, recruitment, and hence 
PGR, is overestimated. Under the assumptions of constant 
survival and recruitment probabilities, constant population 
size, and constant marking effort, it can be shown that the 
estimated population growth rate is λ̂  i = (1-fi+1)/ (1-fi), 
where i is the number of time steps since the beginning of 
the study (Henry, 1999). Based on this formula and given 
the survival rate of the species, it can be determined that 
the ringed fraction becomes representative of the breeders 
as a whole only after the first 4 y of the study. After setting 
aside the first 4 y, the average annual PGR estimated for the 
period 1961–1971 does demonstrate a sharply decreasing 
population, declining by 10% each year (Table II, second 
row). Note that if unmarked individuals encountered while 
searching for marked individuals had been counted, all of 
the years could have been used (see Nichols & Hines, 2002, 
for details). We will come back to this in the discussion.

It is also possible to investigate the reasons for the 
decline. The primary parameter to suspect when the popu-
lation size of a long-lived species changes dramatically is 
the survival rate (Lebreton, 1978). Adult survival rate in 
the neighbouring Alsace population has been found to be 
highly sensitive to the conditions prevailing in the wintering 
Sahelian zone as measured by the rainfall amount at Mopti 
(Mali) (Kanyamibwa et al., 1990). Given that the Baden-
Württenberg population shares the same wintering grounds, 
we checked whether its adult annual survival was also 
driven by the same covariate and found that it was ([fx, p, 
γt] versus [ft, p, γt]: ∆AICc = −11.43, see Table III for expla-
nation of model notation). The rainfall amount at Mopti 
explained 51% of the temporal variation in survival and was 

taBlE I. Direct estimation of the realized population growth rate 
from capture-recapture data.

Group Reference
 Birds Sandercock & Beissinger (2002)
  Dreitz et al. (2002)
  Cam et al. (2003)
  Jenouvrier, Barbraud & Weimerskirch (2003)
  Franklin et al. (2004)
  Boyce, Irwin & Barker (2005)
  Piersma et al. (2005)
  Noon & Blakesley (2006)
  Dinsmore, White & Knopf (2005)
  Lampila et al. (2006)
  Peery, Becker & Beissinger (2006)
 Mammals Boulanger, Himmer & Swan (2004)
  Lima et al. (2001)
  Mizroch et al. (2004)
  Brongo, Mitchell & Grand (2005)
  Clark, van Manen & Pelton (2005)
  Lehmkuhl et al. (2006)
  Hoyle, Pople & Toop (2001)
  Ozgul et al. (2006)
 Reptiles Webb, Brook & Shine (2002a)
  Iverson et al. (2006)
  Lowe (2003)
  Converse, Iverson & Savidge (2005)
  Dodd, Ozgul & Oli (2006)
  Webb, Brook & Shine (2002b)
  Sasso et al. (2006)
 Fish Pine, Allen & Dreitz (2001)
 Mollusks Villella, Smith & Lemarie (2004)

taBlE II. CR estimate of the annual population growth rate (PGR) 
for the Baden-Württenberg white stork population over 2 time pe-
riods. The estimate in the first row, which includes the first years 
of the study, is biased upwards due to fact that the ringing scheme 
targeted youngs at the nest (see text). 

Period Estimated PGR 95% confidence interval
1956–1971 0.986 0.956 1.02
1961–1971 0.897 0.865 0.93
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highly significant ([fx, p, γt] versus [f, p, γt]: c2(1) = 18.96, 
P < 0.0001). Thus, the drought in the Sahel zone must have 
impacted this population as well as the Alsace population 
through its effect on the survival rate. However, the PGR 
itself was not correlated to the rainfall covariate ([ft, p, ρx] 
versus [ft, p, ρt]: ∆AICc = + 19.83), prompting an examina-
tion of recruitment. Although the proportion of new recruits 
decreased during the 1960s (see Figure 2), precipitating the 
decline, the drought does not seem to be responsible for this 
decline (models ft, p, γx and ft, p, fx are both far from the 
best model: ∆AICc = + 32.05 and + 38.74, respectively). 
The decline in recruitment is actually best described by a 
linear negative trend in per-capita recruitment rate (best 
model: fx, p, fT). This could possibly be linked to dete-
riorating conditions on the breeding grounds. However, the 
per-capita recruitment rate is not simply related to fecundity 
because white storks do not start to breed before age 3 and 
knowledge of the survival of young would be needed to 
draw any conclusions.

tHE FrENCH COlONy OF tHE grEatEr FlaMINgO (CaMarguE, 
SOutHErN FraNCE)

The Fangassier colony of the greater flamingo (Phoeni-
copterus roseus) in southern France has been managed 
since 1970 to provide a permanent breeding site to the 
Western Mediterranean population of the species (see, e.g., 
Tavecchia et al., 2001 for more details). As a result, the spe-
cies has dramatically recovered in the region. Since 1984, 
observations of ringed individuals at the colony have been 
routine (ringing started in 1950 and became systematic in 
1977), as have annual censuses of the number of breeding 
pairs. The colony growth rate has been estimated both by 
CR and as the ratio of successive censuses (Henry, 1999). 
The second approach is known to produce negatively corre-
lated estimates of successive PGRs because the same census 
number is used as numerator in one year and denominator 
the next year (if population size is underestimated, the first 
PGR will tend to be underestimated but the second will 
tend to be overestimated). This may be the reason for the 
seesaw appearance of the census-estimated PGR shown 
in Figure 3. By contrast, the CR-estimated PGR appears 

smooth on the same figure. The really important point, how-
ever, is that the 2 approaches do not target exactly the same 
population. We already know that the marked individuals 
become representative of the general breeding population 
only after some time has elapsed (see section on White 
stork population of Baden-Württenberg [Germany]). This 
has been taken into account here. However, the question of 
the origin of the marked individuals remains. Individuals 
ringed outside of the Camargue colony can be observed 
breeding there, but ringing on the other colonies is much 
more recent and has been done on an irregular basis. Thus, 
these individuals cannot be used for the analysis. They 
could possibly be used in a comprehensive analysis of the 
different colonies, but unfortunately, unlike the estimation 
of movement and recruitment for instance (Spendelow et al., 
2002), there is currently no model for the estimation of 
PGR in a metapopulation context. Therefore, we opted 
for a CR analysis of locally ringed animals only. Thus, the 
CR approach describes the dynamics of the autochthonous 
component of the breeding population only, while the cen-

FIgurE 2. Estimated proportions of first-time breeders among the breed-
ers in the white stork population of Baden-Württenberg. This proportion 
declines over the study period. Estimates for the first 4 y of the study are 
not shown because they are biased (see text).

taBlE III. Some CR models fitted to the Baden-Württenberg white 
stork population. Parameters are f, annual survival probability; p, 
detection probability; g, proportion of old individuals in the popu-
lation; ρ, realized population growth rate; and f , per capita recruit-
ment rate, i.e., percentage of new individuals at i + 1 per individuals 
present at i. Effects considered are t, time variation; T, linear time 
trend; and x, rainfall amount as covariate. ∆AICc is the differen-
ce in Akaike Information Criterion adjusted for small sample size 
between the current and the best model.

 Model ∆AICc Number of Deviance
   parameters
 fx, p, fT 0 5 3087.14
 fx, p, γt 2.68 19 3060.99
 fx, p, γT 4.99 5 3092.13
 ft, p, γt = ft, p, ρt = ft, p, ft 14.11 33 3042.63
 f, p, γt 19.55 18 3079.95
 ft, p, γx 32.05 19 3090.36
 ft, p, ρx 33.94 19 3092.26
 ft, p, fx 38.74 19 3097.05

FIgurE 3. Comparison of estimates of the greater flamingo Fangassier 
colony growth rate derived from census data and from capture–recapture 
data (reproduced from Henry, 1999).
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sus approach is comprehensive. The ups and downs of the 
census curve could thus alternatively represent mass move-
ments of allochthonous flamingos joining, then leaving, the 
colony. Near the end of the study, the 2 curves come into 
close agreement except that the CR curve is shifted down-
ward. This discrepancy could be due to the bias in the CR 
estimates expected near the end of a study when there is a 
strong heterogeneity of capture (see section on Comparison 
of capture–recapture to other methods for estimating popu-
lation growth rate).

tHE BONEllI’S EaglE IN SOutHErN FraNCE

The Bonelli’s eagle (Hieraaetus fasciatus) is rare in 
France (some 25 breeding pairs) and the object of a national 
restoration plan (Cheylan, Ravayrol & Cugnasse, 2003). 
With very small populations, it is not uncommon for the 
census to come very close to exhaustiveness. It is believed 
that virtually every potential nest site is known, and each 
is visited several times every year. However, because of 
demographic stochasticity, an increase (or a decrease) in 
population size may occur by mere chance. Thus, although 
population size is known very accurately, the effectiveness 
of the restoration effort is difficult to ascertain. The estima-
tion of demographic parameters suffers from the same prob-
lem: because of the limited number of individuals, estimates 
of demographic parameters from capture–recapture data 
remain imprecise. It is thus important to gather every bit of 
information, hence to follow the individuals as closely as 
possible. However, this need comes into conflict with the 
need to protect the few remaining individuals. Each year, the 
young Bonelli’s eagles are ringed before fledging with tra-
ditional metal bands. Because the reading of metal rings is 
very difficult and very time-consuming, there has been some 
consideration of using more conspicuous marks such as alar 
tags. However, the idea has been abandoned for the moment 
due to concerns about the mark possibly being harmful to 
the birds. In order to improve the precision of the estimates 
of annual survival rate, the possibility of reading the ring 
numbers twice a year was then contemplated, the idea being 
that, as the number of individuals cannot be increased, the 
information collected on each of them has to be augmented. 
One of us (R.Pradel) examined the improvement in terms of 
precision that could be expected from this new protocol. To 
this end, simulations were run under 3 realistic scenarios in 
terms of true annual survival and encounter probabilities. As 
the gain in precision also depends on the model applicable, 
it was assumed that a model with constant survival should 
fit for this long-lived species but that encounter probability 
was so liable to variation that a model with time-varying 
encounter probabilities should be considered as well as the 
one with constant encounter probabilities. Among the com-
bination of scenarios and models, the best gain produced 
by the additional reading session every year was a 20% 
decrease of the standard deviation (see Table IV). Thus, 
given how difficult it is to read a ring, the new protocol does 
not seem worth the effort. A posteriori, this is not surprising 
because, given the relatively high survival and encounter 
probabilities with this species, the intermediate reading 
does not add much information. The conclusion might have 
been entirely different with a short-lived species or a much 
lower encounter probability. Here, a greater precision of 

demographic parameter estimates seems attainable only by 
incorporating the censuses in the CR analysis. This is still a 
matter of methodological research.

Discussion
The demographic mechanisms underlying changes in 

population size can be identified only through the following 
of individual animals. This can be achieved by means of a 
variety of devices, such as metal or colour rings, pit tags, or 
radio transmitters, with which the animals may be equipped. 
The most capable versions of these devices enable the ani-
mals to be tracked continuously and at a distance. However, 
these devices tend to be disturbing (and costly) and as such 
are not well suited to the monitoring of a fragile population. 
The passive tags seem a better compromise because their 
potential impact is better known and limited. However, pas-
sive tags do not guarantee that the equipped animal will be 
contacted, even if present. There is thus a need to resort to 
models acknowledging imperfect detection for the analysis 
of the data. This methodology is well developed for the 
study of survival. The same also holds for the study of 
recruitment provided the protocol is adequate (see below). 
But the direct study of PGR, which is of prominent interest 
to managers of small or endangered populations, remains 
to be improved in several ways. The refined CR analyses 
of survival or recruitment that can be carried out (see, for 
instance, Tavecchia et al., 2001 for the greater flamingo) 
have no equivalent for PGR. Neither the age of the individ-
uals nor the metapopulation context can currently be taken 
into account in a PGR analysis of CR data.

For this reason, despite the fact that taken alone they 
provide absolutely no information on the turnover of indi-
viduals, censuses, and more generally the gathering of indi-
ces of abundance, should not be abandoned. For one thing, 
such indices provide an estimate of the balance between 
influx and outflux. Thus, if the capture–recapture protocol 
permits only the estimation of, say, survival, the availability 
of an index of abundance will render the recruitment attain-
able as well. Also, when information is limited (very small 
populations), availability of an index of abundance is very 
valuable: by complementing the information brought by 
capture–recapture data, such indices enable more precise 

taBlE Iv. Improvement in precision of survival probability esti-
mates for the Bonelli’s eagle in France achieved with 2 visits per 
year instead of 1. Scenario 1: 90% annual survival, 90% encounter 
probability; scenario 2: 90% annual survival, 70% encounter proba-
bility; scenario 3: 75% annual survival, 70% encounter probability. 
In reality, although annual survival (f) may be deemed constant, 
encounter probability (p) is likely to vary by year. We thus conside-
red that the analysis should be conducted under both assumptions: 
encounter probability constant (p) or variable (pt).

Scenario Analysis model Decrease in sf

scenario 1 (f, pt) 13.00%
scenario 1 (f, p) 8.80%
scenario 2 (f, pt) 21.20%
scenario 2 (f, p) 17.30%
scenario 3 (f, pt) 17.40%
scenario 3 (f, p) 12.60%
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estimation of vital rates. Yet another situation where cen-
suses are instrumental is when the ringed animals belong to 
a subset of the population that has a dynamics distinct from 
that of unringed animals (section on The French colony of 
the greater flamingo [Camargue, southern France]), espe-
cially when locally born animals are ringed but immigrants 
are not. In such cases, the availability of both sources of 
information is required to distinguish how each compo-
nent behaves. The precise way in which the 2 kinds of 
information may be combined is still a matter of research, 
but there are already some well-identified directions, e.g., 
the Kalman filter (Besbeas et al., 2002). In the case of the 
Bonelli’s eagle, greater precision of demographic parameter 
estimates might have been achieved by incorporating the 
censuses in the analysis (section on The Bonelli’s eagle in 
southern France).

We have seen that some very common protocols like 
the marking of young at the nest (sections on White stork 
population of Baden-Württenberg [Germany] and on The 
French colony of the greater flamingo [Camargue, south-
ern France]) are inadequate for the direct study of PGR 
and corrections have to be applied (Henry, 1999). This 
is because during the first years of the studies the ringed 
individuals were not representative of the population as a 
whole. For one thing, they were younger than average. Also, 
temporal variation in the marking effort confounded later 
variation of recruitment. These problems are solved if the 
field protocol includes counting the number of unmarked 
observed while searching for marked individuals, such 
that marked and unmarked are sampled with the same 
probability. During data analysis, the unmarked are then 
treated as individuals captured and not released (Nichols 
& Hines, 2002; Dreitz et al., 2002, for an example). This 
trick provides the growth rate of the population as a whole, 
and problems due to time variation in the marking effort 
and the transitory difference in age structure between the 
marked fraction of the population and the population as a 
whole are solved. If we had had yearly counts of unmarked 
breeding white storks or greater flamingos, we would have 
used this method.

The origin of individuals is another potential problem, 
assuming especial importance in a restoration context: a 
change in population size due to recruitment of locally born 
individuals, i.e., from the managed area, has very different 
implications than an identical change due to immigration 
from populations out of managers’ reach. For instance, 
the rapid increase in population size of the Audouin’s gull 
colony at the Ebro delta in Spain could not have been pos-
sible without immigration from other, distant colonies (Oro 
& Pradel, 1999). Thus, a manager may seek to distinguish 
changes of the PGR due to local recruitment from chang-
es due to immigration. This can be partially solved with 
Pradel’s model, where the contribution of adult-disperser 
immigration can be separated from the contribution of in 
situ reproduction and local survival (Nichols et al., 2000; 
Nichols & Hines, 2002). Use of a robust design model, 
parameterized so that recruitment of immigrants can be 
distinguished from local recruitment (Nichols & Pollock, 
1990), should enable identification of the contributions of 
both types of individual to the overall PGR (Dreitz et al., 
2002; Nichols & Hines, 2002). Finally, another type of dis-

tinction is obviously central when new individuals are intro-
duced into an existing population. There are then 2 kinds 
of individuals around—the native and the introduced ones, 
with potentially very different characteristics and behav-
iour (see Letty, Marchandeau & Aubineau, 2007)—and the 
introduced animals are more likely to be marked. Following 
these animals will first teach us how introduced animals fare 
during the transitory period after release when they have to 
adapt to a new environment. This will permit adaptation of 
the reintroduction procedures. But later on, if the reintro-
duction is to be a success, the introduced animals will have 
to settle in the population and, past the transitory period, 
become fully part of it. Also, they and their descendants will 
become a significant, if not dominant, part of the popula-
tion. It is thus interesting to monitor these animals over the 
long term as well. Of course, this can be complemented with 
the marking of native animals. It can be very instructive to 
compare the performances of native and introduced animals, 
especially to see if they differ over the long term.
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