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Abstract
Many manuscripts comparing populations and/or analysing the structure of animal communities use indexes of captures 
as synonymous of abundance. However, the basic methods more suitable to this assumption - probabilistic estimates 
based on equal capture probability - have not been considered. In this study, the deviations caused by different types of 
capture indexes are compared with a common probabilistic population estimator (Cormack-Jolly-Seber). The analyses 
showed that Minimum Number Known Alive (MNKA) and the number of individuals showed greater association 
with the population estimator than with non-probabilistic indexes based on recaptures. Therefore, none of the indexes 
presented the same performance to estimate population size estimation which can lead to ecological misinterpretation. 
Some recommendations were also described.
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Avaliação de índices de abundância em estudos de populações abertas: uma 
comparação em populações de pequenos mamíferos do sul do Brasil

Resumo
Muitos estudos comparam populações e/ou analisam a estrutura de comunidades animais usando índices de captura 
como se fossem sinônimos de abundância. No entanto, os métodos mais adequados considerando o pressuposto - 
estimativas probabilísticas baseadas na igualdade da probabilidade de capturas - não têm sido considerados. Neste 
estudo, os desvios causados por diferentes tipos de índices de captura são comparados com um dos mais comuns 
estimadores populacionais probabilísticos (Cormack-Jolly-Seber). As análises mostraram que o número mínimo 
de animais conhecidos vivos (MNKA) e o número de indivíduos apresentaram maior associação com o estimador 
populacional do que com os índices não probabilísticos baseados em recapturas. Entretanto, nenhum dos índices 
apresentou o mesmo desempenho do estimador populacional o que pode levar a interpretações equivocadas. Algumas 
recomendações foram também descritas.

Palavras-chave: Cormack-Jolly-Seber, MNKA, número de indivíduos, capturas totais, sucesso de captura.

1. Introduction

The estimation of population abundance is a fundamental 
parameter in ecology, but as the full count of individuals is 
usually impractical or impossible, in many cases probabilistic 
estimates have been considered more appropriate than a 
simple count or indices of abundance (Nichols, 1986). 
These simple count based estimates are non-probabilistic 
and they are considered rather naive (e.g., Dood Junior and 
Dorazio, 2004; Kéry et al., 2010; Mackenzie et al., 2003; 
Mackenzie and Bailey, 2004; Mackenzie and Kendall, 
2002; Williams, et al., 2002). After more than one decade 
of experience as peer reviewers, we see, however, that 
they are still common in neotropical populations studies 

(Fernandez, 1995). A comparison of the most common 
naive and probabilistic estimations can thus contribute 
to ecology in the neotropics.

Among the main measures of no-probabilistic population 
abundances estimation used, we highlight the Minimum 
Number Known Alive animals (MNKA), the number of 
individuals captured, total catches, capture success or even 
the number of captures by individuals (Nichols, 1986). 
There are several factors that can determine inaccuracies 
and biases of such estimations eventually used as indicators 
of abundance. The most important is the probability of 
capturing individuals, also called detection or capturability. 
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This probability can be related to behavioural factors, such 
as the animal response to the trap by either learning to 
return or to avoid them; as well as methodological ones, 
such as the trap size, the bait type according to either the 
diet of each species or to environmental food availability, 
and even the sampling design by selecting habitats and size 
area. All the responses can thus vary also through time, 
species and population heterogeneity, such sex and age 
of individuals (see Begon, 1979; Fernandez, 1995; Jolly 
and Dickson, 1983; Monteiro-Filho and Graipel, 2006). 
Therefore, the more diverse the biological group, the more 
important the probabilistic estimates. This is the issue in 
small mammals studies due to their high diversity (Nichols, 
1986), and even more important in a high diversity region 
like the Neotropics.

The problem of time variation on detection probability 
and therefore on abundance estimates can be reduced by 
applying closed population designs and these models have 
been greatly improved more recently (Otis et al., 1978). 
Closed population means the abundance does not change 
during the study and that there are no known changes 
by recruitment (e.g., birth or emigration) or losses (e.g., 
death or immigration). This assumption is hard to meet 
but it can be assumed by reducing the time series intervals 
which can provide great power for population estimates 
(Otis et al., 1978). Nevertheless, the difference between 
open and closed population is artificial and both models 
can be applied in the same study design taking the advances 
of both models (Pollock, 1982). This models combination 
is known as robust design.

On the other hand, there are difficulties in the application 
of probabilistic models for closed populations because 
they require more data and cannot be used in many cases 
(Gentile and Fernandez, 1999). Open population models 
are then preferred, especially the deterministic ones (e.g. 
MNKA) as a measure of abundance instead of probabilistic 
models such as Cormack-Jolly-Seber, the most important 
open population model for population estimates. This 
model is considered less biased than MNKA (Nichols and 
Pollock, 1983; Jolly and Dickson, 1983).

Behind all those issues for less biased population 
estimates and development of more robust studies is the 
detection probability which is not accounted for in MNKA as 
well as in the other estimates called deterministic like index 
based on simple count or unit of effort. The deterministic 
estimates have the assumption of equal detection probability 
on time, individuals and behaviour. This is an assumption 
even more difficult to assume in natural populations. 
Detection can be estimated with a capture history after a 
series of capture, mark and recapture of individuals. The 
probabilistic model allows the estimate of population size 
of non-marked individuals. MNKA simply rather ignores 
one portion of the population, the non-marked individuals.

By observing the still growing naive population studies 
based on indexes of abundance, we aimed to perform an 
assessment of these methods for open population design 
with capture-recapture methods of small mammal studies 
with field data from southern Brazil. On behalf of the small 

mammal population ecology in the Neotropical region, 
mainly in the Atlantic Forest hotspot, the comparison 
of the estimation method can help population ecologists 
and wild life managers to take the advantage of proper 
approaches and to increase the popularity of more robust 
probabilistic estimates (Nichols 1986; Nichols and Pollock 
1983).This study presents an analysis of differences between 
the measures mentioned above and errors associated with 
their interpretations.

2. Material and Methods

2.1. Areas of study
The two independent areas of study were both covered 

by Atlantic Forest but with different vegetation classes 
(sensu Ribeiro et al., 2009), 200 km apart on the coast of 
Santa Catarina State, Southern Brazil.

The Volta Velha Private Reserve (VVPR; 26°04’05’’S 
and 48°37’30’’W) had 1,186 ha area in the continental 
part of Itapoá municipality. The study area was covered 
by dense forest of “restinga” vegetation class at sea level.

The Lagoa do Peri Municipal Park (LPMP; 27°43’S 
and 48°32’W) had approximately 1,500 ha area in the 
south of the 42,000 ha Santa Catarina island. The study 
area was covered also by dense forest, but of “forest” 
vegetation class located on the lower slopes, from 5 to 
60 m elevation above sea level.

The regional climate with both study areas is mesothermic 
to super humid with ca. 1400-1800 mm total rainfall well 
distributed year-round and mean annual temperature of 
ca. 20.3 °C (Santa Catarina, 1986). The Köppen-Geiger 
climate classification is Cfa (Peel et al., 2007).

2.2. Field methods
The areas were sampled over four consecutive days/

month during a 24 month capture-recapture programme, 
from April 1998 to August 2001, detailed elsewhere 
(Graipel, 2003; Graipel et al., 2003, 2006). The trapping 
grids were tree high, i.e. traps set at ground, understory 
and canopy stratum. The grid at LPMP was 11 × 7 trap 
size (1.26 ha) and the VVPR grids were 10 x 10 traps 
(3.24 ha). Two trap sizes was used, a bigger (450 × 150 
× 150 or 450 × 210 × 170 mm) and smaller (260 × 190 × 
90 mm) one. Pieces of banana coated with peanut butter 
were used as bait. Captured animals were sexed, marked 
using combinations of ear holes or combinations of distal 
toe clipping, and released at the same location.

The sampling effort (SE) in LPMP was 12,132 trapnights 
and in VVPR, 20,200 trapnights. In LPMP, 1,391 individuals 
within 11 species of small mammals were caught, from 
which the nine most abundant species were analysed. 
At VVPR, 1,564 individuals within nine species were 
caught, from which the seven most abundant species were 
analysed. We considered only the population with feasible 
estimates, i.e. those 16 of 20 populations (considering 
the two areas) with at least seven individuals with more 
than 40% (Table 1 and 2) capturability. These populations 
belonged to 12 species of Neotropical small mammals out 
of a total of 14 captured.
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2.3. Methods of analysis
The population sizes were estimated using Cormack-

Jolly-Seber (CJS) (Cormack, 1964; Jolly, 1965; Seber, 
1965), considered one of the best probabilistic methods 
for open population (e.g., Nichols and Pollock, 1983). 
The CJS probabilistic estimation was compared with the 
following non-probabilistic indexes of abundance:

• Minimum Number Known Alive animals (MNKA – 
Krebs, 1966);

• number of individuals captured (NI);
• total catches (TC);
• capture success (CS):

CS = TC / SE;
where SE was the sampling effort (or number of 

trapnights) for each trap size and forest high.
• and the number of captures by individual (CI):

CI = CT / NI
The probability of minimum capture or capturability 

(C) was estimated as described by Hilborn et al. (1976).

Due to the difference between estimations and indices, 
we used a ranking of each population in relation to the 
control method (CJS), allowing direct comparison between 
expected and observed ranking positions. For this purpose, 
the existence of deviations and the magnitude of deviations 
in relation to the expected position were considered. 
Additionally, we applied a Principal Component Analysis 
to assess the existence of associations between estimation 
and indexes and Pearson correlation between the population 
abundance estimated by Cormack-Jolly-Seber (CJS) and 
indexes based on catches and/or recaptures. This analyses 
was conducted in the Statistica for Windows program 
(StatSoft Inc., 1998).

3. Results

Considering the community of small mammals of 
VVPR, the MNKA had two deviations (between the third 
and fourth ranking position) and the NI had four deviations. 

Table 1. Estimation and index of small mammal population (the ranking deviance position comparing the control estimation 
method) after 24 month capture-recapture program, from September 1999 to August 2001 in Volta Velha Private Reserve, 
Southern Brazil. Acronyms: the control method [Cormack-Jolly-Seber (CJS)], Minimum Number Known Alive animals 
(MNKA), number of individuals (NI); total catches (TC); capture success (CS); catches by individual (CI); capturability (C).

Species/Indexes CJS MNKA NI CT SC CI C (%)
Akodon montensis Thomas, 1913 364.4 (1°) 315 (1°) 130 (2°) 629 (1°) 6.6 (1°) 4.8 (2°) 82
Euryoryzomys russatus (Wagner, 1848) 311.9 (2°) 274 (2°) 148 (1°) 360 (2°) 3.8 (2°) 2.4 (6°) 66
Juliomys sp. 174.2 (3°) 93 (4°) 58 (3°) 122 (5°) 0.6 (5°) 2.1 (7°) 46
Gracilinanus microtarsus (Wagner, 1842) 111.9 (4°) 95 (3°) 34 (5°) 136 (3°) 0.7 (3°) 4.0 (3°) 55
Nectomys squamipes (Brants, 1827) 99.8 (5°) 88 (5°) 35 (4°) 135 (4°) 0.7 (3°) 3.9 (4°) 67
Marmosa paraguayana (Tate, 1931) 49.4 (6°) 49 (6°) 16 (6°) 110 (6°) 0.5 (6°) 6.9 (1°) 83
Metachirus nudicaudatus (É. Geoffroy, 1803) 24.3 (7°) 21 (7°) 9 (7°) 34 (7°) 0.4 (7°) 3.8 (5°) 58

Table 2. Estimation and index of small mammal population (the ranking deviance position comparing the control estimation 
method) after 24 month capture-recapture program, from April 1998 to March 2000 in Lagoa do Peri Municipal Park, 
Southern Brazil. Acronyms: the control method [Cormack-Jolly-Seber (CJS)], Minimum Number Known Alive animals 
(MNKA), number of individuals (NI); total catches (TC); capture success (CS); catches by individual (CI); capturability (C).

Species/Indexes CJS MNKA NI TC CS CI C (%)
Didelphis aurita Wied-Neuwied, 
1826

258.0 (1°) 149 (2°) 56 (3°) 285 (1°) 14.8 (1°) 5.1 (3°) 43

Akodon montensis Thomas, 1913 243.8 (2°) 180 (1°) 73 (2°) 225 (3°) 3.2 (3°) 3.1 (6°) 62
Euryoryzomys russatus 
(Wagner, 1848)

159.8 (3°) 142 (3°) 75 (1°) 228 (2°) 3.3 (2°) 3.0 (7°) 79

Sooretamys angouya 
(G. Fischer 1814)

130.0 (4°) 99 (5°) 48 (4°) 158 (5°) 1.3 (5°) 3.3 (5°) 65

Oligoryzomys nigripes 
(Olfers, 1818)

126.2 (5°) 104 (4°) 38 (5°) 105 (6°) 0.9 (6°) 2.8 (8°) 65

Nectomys squamipes 
(Brants, 1827)

83.7 (6°) 75 (6°) 31 (6°) 199 (4°) 2.8 (4°) 6.4 (2°) 79

Marmosa paraguayana
(Tate, 1931)

83.3 (7°) 66 (7°) 21 (7°) 89 (7°) 0.7 (8°/9°) 4.2 (4°) 69

Oxymycterus judex Thomas, 
1909

74.0 (8°) 48 (8°) 21 (7°/8°) 54 (8°) 0.8 (7°) 2.6 (9°) 50

Lutreolina crassicaudata 
(Desmarest, 1804)

32.4 (9°) 21 (9°) 7 (9°) 46 (9°) 0.7 (8°/9°) 6.6 (1°) 43
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The TC and the CS had three shifts positions each, though 
varied in up to two positions and the number of CI was not 
matched in any position with the expected rank, ranging 
up to five positions (Table 1).

In the LPMP, the MNKA had four standard deviations 
in the ranking position (between the first and second, 
and the fourth and fifth positions). The NI presented two 
deviations in the ranking position.

The TC and the CS had five and seven deviations, 
respectively, and they deviated up to two positions. There 
was no difference between the eighth and ninth of CS 
ranking positions. The CI did not coincide in any position 
in the comparative ranking, and its deviation reached up 
to eight positions in the ranking (Table 2).

The correlation matrix among the calculated data for 
the species of small mammals of VVPR pointed to a highly 
significant association among CJS, MNKA and NI; among 
MNKA, TC and CS (p ≤ 0.01); and among between CJS 
and TC, and CJS and CS (p ≤ 0.01), and a significant level 
between NI and TC, and NI and CS (p ≤ 0.05) (Table 3). 
There was no correlation between CI and other measures. 
In the PMPL, a similar pattern was noted, with highly 
significant correlation values between CJS and MNKA, 
between MNKA and NI (p ≤ 0.01), and between CJS and 
NI, and CJS and TC, between MNKA and TC, NI and TC 
(p ≤ 0.01), and a significant level between CJS and CS 
and between TC and CS (p ≤ 0.05) (Table 4). There was 
no correlation among CS and MNKA and NI, and again 
between CI and other measures.

Throughout the analysis of both the community of 
mammals, it was noted that the first component (Factor 1) 
was primarily related to capture behaviour (recaptures), 

distinguishing the CI from the other variables. The second 
component (Factor 2) was associated with capturability.

The estimate of CJS and other indexes, except CI, were 
highly correlated with each other in relation to Factor 1, 
indicating a strong relationship between these variables in 
both small mammals community (Figure 1 and 2). Factor 
2 made a distinction between the variables, but once again 
CI was the more discordant index.

For the VVPR data, the first component had an eigenvalue 
of 4.8, accounting for 80.0% of variance, and for the second 

Table 3. Correlation matrix (Pearson) between the population abundance estimated by Cormack-Jolly-Seber (CJS) and 
by indexes based on catches and/or recaptures: Minimum Number Known Alive animals (MNKA), number of individuals 
(NI); total catches (TC); capture success (CS); catches by individual (CI) of a community of small mammals of Volta Velha 
Private Reserve.

Estimation-Indexes CJS MNKA NI TC CS
MNKA 0.98**

NI 0.97** 0.97**
TC 0.93** 0.96** 0.87*
CS 0.92** 0.95** 0.87* 0.99**
CI –0.30 –0.19 –0.35 0.02 0.00

*p ≤ 0.05. **p ≤ 0.01.

Table 4. Correlation matrix (Pearson) between the population abundance estimated by Cormack-Jolly-Seber (CJS) and by 
indexes based on catches and/or recaptures: Minimum Number Known Alive animals (MNKA), number of individuals (NI); 
total catches (TC); capture success (CS); catches by individual (CI) of a community of small mammals of Lagoa do Peri 
Municipal Park.

Estimation and Indexes CJS MNKA NI TC CS
MNKA 0.95**

NI 0.85** 0.95**
TC 0.85** 0.85** 0.83**
CS 0.73* 0.53 0.42 0.75*
CI –0.30 –0.41 –0.46 0.01 0.22

*p ≤ 0.05. **p ≤ 0.01.

Figure 1. Principal Component Analysis of Cormack-Jolly-
Seber’s estimation (CJS) and indexes based on catches and/
or recaptures of a community of small mammals of Volta 
Velha Private Reserve. Recapture Behaviour = Factor 1, and 
Capturability = Factor 2. Minimum Number Known Alive 
animals (MNKA), number of individuals (NI); total catches 
(TC); capture success (CS); catches by individual (CI).
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Figure 2. Principal Component Analysis of Cormack-Jolly-
Seber’s estimation (CJS) and indexes based on catches and/
or recaptures of a community of small mammals of Lagoa 
do Peri Municipal Park. Recapture Behaviour = Factor 1, 
and Capturability = Factor 2. Minimum Number Known 
Alive animals (MNKA), number of individuals (NI); total 
catches (TC); capture success (CS); catches per individual 
(CI).

Figure 3. Pearson correlation between total catches (TC) 
and capture success (CS) for the populations of small 
mammals from Lagoa do Peri Municipal Park, Southern 
Brazil. Da = Didelphis aurita; Am = Akodon montensis; Er 
= Euryoryzomys russatus; Sa = Sooretamys angouya; On 
= Oligoryzomys nigripes; Ns = Nectomys squamipes; Mp 
= Marmosa paraguayana; Oj = Oxymycterus judex; Lc = 
Lutreolina crassicaudata.

Figure 4. Pearson correlation between the Cormack-Jolly-
Seber’s estimation (CJS) and the Minimum Number Known 
Alive animals (MNKA) for populations of small mammals 
of Volta Velha Private Reserve. Am = Akodon montensis; Er 
= Euryoryzomys russatus; Gm = Gracilinanus microtarsus; 
Ns = Nectomys squamipes; Mp = Marmosa paraguayana; 
Mn = Metachirus nudicaudatus; Jsp = Juliomys sp.

component an eigenvalue of 1.1, accounting for 18.3% of 
total variance. For LPMP data, the first component had an 
eigenvalue of 4.18, accounting for 69.7% of variance, and 
the second component an eigenvalue of 1.35, accounting 
for 22.6% of the total variance.

It was also possible to notice greater proximity between 
the CJS (as expected for a probabilistic estimator that 
considers capturability) with the partially corrected 
MNKA, and between these and the NI, without any type 
of correction in relation to capturability. However, both 
MNKA and NI were not dependent on number of recaptures 
within each of the sampling periods, rather than TC, CS 
and CI, which were negative dependent to the capturability 
factor (Figures 1 and 2).

The lower correlation between TC and CS was expected 
in LPMP (Figure 3), since D. aurita was the most abundant 
species, as obtained by CJS (see Table 2), due to catches 
and recaptures occurring only in large traps installed in soil 
(27% of traps installed in the ground), while in VVPR no 
minor correlation for any species was noticed, in function 
of differential catches due to size or model of trap used.

The species Juliomys sp. in VVPR had the lowest 
capturability and also accounted for the greatest deviation 
from the expected abundance, when the association between 
CJS and the index considered as less wrong (MNKA) was 
verified (Table 1, Figure 4). Similarly, the smallest and 
the largest capturability observed in LPMP, D. aurita and 
Euryoryzomys russatus, respectively, were responsible for 
the largest deviations (Table 2, Figure 5).

4. Discussion

The variation in interpretation of CJS´s estimates and 
indexes based on catches and/or recaptures for the seven 
populations of VVPR and the nine populations of small 

mammals of LPMP demonstrated the importance of the 
main assumption, i.e. the equal detection probability. 
When this assumption is not applied, it can produce 
misinterpretations by comparing population size between 
species, as expected (Nichols, 1986).

The ranking position differences between population 
estimation method and the method of counting individuals 
(MNKA) was also expected due to greater robustness by 
considering capturability (Fernandez, 1995; Gentile and 
Fernandez, 1999; Jolly and Dickson, 1983). On the other 
hand, recapture-based indexes (TC, CS and CI) were 
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influenced by the behaviour of individuals, which may 
be related, among other factors, to their learning ability 
to return or avoid the traps, to tagging effects, or bait 
attraction depending on food availability in the environment 
(Begon, 1979; Fernandez, 1995; Jolly and Dickson, 1983; 
Monteiro-Filho and Graipel, 2006).

Population size estimates are considered more robust 
throughout closed population estimation methods and it 
should be preferable (Otis et al., 1978; Pollock, 1982). 
However, it was not our situation. Before all analysis 
presented here, we have tried to estimate abundance with 
close population approaches (Otis et al., 1978) but the 
results were feasible for even fewer species, probably 
because they require larger numbers of individuals with 
more recaptures (Fernandez, 1995; Mckelvey and Pearson, 
2001). The non-probabilistic estimations should be the 
last options, but the MNKA could be an alternative only 
to those species without enough data (Nichols, 1986). We 
thus suggest developing a robust design (Pollock, 1982) 
to sample population and compare the abundance based 
on closed population estimation when possible, or on any 
other probabilistic open one as preferred.
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