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Abstract Where biodiversity conservation and envi-
ronmental preservation are significant concerns, rapid
assessment and monitoring of the colonization and
spread of non-native species are essential for timely
decision-making and response. We developed and
evaluated the adequacy of a rapid assessment protocol
(RAP) for detecting non-native fish species in 74
Eastern Brazilian lakes. The RAP consists of a single
field day employing two surveyors to conduct inter-
views with local sport fishers, visual surveys of fish,
angling with lures, and gillnetting. We compared our
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results with those from separate, intense, large sam-
pling effort (LSE) field surveys. Despite requiring less
than 1/100th of the field effort, the RAP was able to
detect the presence of most non-native fish species that
were reported in the same lakes by LSE surveys.
Information from local sport fishers was invaluable,
particularly for detecting species that were in low
abundance, but was not available for lakes within a
forest preserve area. Non-native introductions com-
monly lead to rapid and widespread invasion and
adverse effects on native biota. Our results strongly
suggest that the RAP could function as a cost-effective
tool for efficiently assessing the presence of non-
native fishes in lakes and monitoring their colonization
and spread over large geographic areas.

Keywords Freshwater habitats - Environment
impact assessment - Dispersal - Biodiversity - Alien
fish - Exotic fish

Introduction

Rapid Assessment Protocols or Programs (RAP
methods) are fast sampling methods used to survey
biodiversity in potential habitats containing large
numbers of endemic species, permitting a quick
evaluation of the biodiversity or specific taxonomic
or functional groups in specific regions (Lodh &
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Agarwala, 2016; Madalozzo et al., 2017; Sant et al.,
2017). Despite its use in biodiversity surveys, the fast
sampling, inherent to RAP methods, may be valuable
to quickly identify invasions in some systems, for
instance, in those occupied by non-native fish.
Although RAP is thought to diminish the time and
costs involved in biodiversity surveys, this method can
produce inaccurate data because of low sampling
effort. Good sampling designs that have a suit-
able number of representative and independent sam-
ples are needed to obtain reasonable parameter
estimates (Krebs, 1999). The number of species
identified depends on sampling effort (Harrison &
Martinez, 1995), and the RAP efficacy may depend on
the abilities of the researcher (Metzeling et al., 2003).

Reduced funding availability for biodiversity con-
servation, mainly in developing countries with a
potential for quick degradation of natural resources,
makes it essential to identify priorities for biodiversity
protection (Douglass et al., 2011; Wu et al., 2014). In
this context, RAP techniques may receive an increas-
ing global interest, considering the continuous disper-
sion of non-native species worldwide (Simberloff
et al., 2013) and the scarcity of funds available to deal
with the problem.

With increasing tourism and commercial activities,
organism invasions have become present in altered
and preserved environments across the world (Har-
wood & Parjulee, 2010). As in Africa (Marr et al.,
2017), North America (Maclsaac et al., 2015), and
Europe (Nunes et al., 2015), in Brazil, lakes of the
River Doce basin were invaded by non-native fish
species (Lima et al., 2010) what caused local extinc-
tion of many native fish species (Latini & Petrere,
2007; Giacomini et al., 2011). Among these non-
native species are the peacock bass Cichla ocellaris
Bloch & Schneider, 1801 and the red piranha Pygo-
centrus nattereri Kner, 1858 (Latini & Petrere, 2004).
The lakes are dispersed in a region of more than
100,000 ha and may be used as an exceptional case to
test RAP techniques, considering, application world-
wide. As in many regions worldwide, the River Doce
basin is compounded by the fact that the relevant
conservation decision makers have little time to study
the system, as they race to prevent more local fish
extinctions. Nevertheless, a successful management
action against non-native fish invasions requires the
identification of which non-native species occurs in
which lake. So, RAP techniques may be useful tools

@ Springer

for unveiling the real dimension of the problem in the
River Doce basin, and, in other regions worldwide.

In this study, we tested the hypothesis that a RAP
method (with a low sampling effort) may produce the
same results of a large sampling effort (LSE) method
surveying non-native fish in lakes.

Methods
Study area

This study was conducted in the State of Minas Gerais,
the Eastern region (Marliéria, Timdteo, and Dionisio
districts). Lakes in the river basin are located between
42°38'—48°28'W and 19°41'-19°30’S, with an altitude
between 236 and 515 m AMSL. The climate in the
region is tropical and partly humid with a rainy season
from November to March and a dry season lasting
4-5 months, usually from May to September (Nimer,
1989). Two adjacent and contrasting areas were
studied: (i) a forest reserve in the Parque Estadual do
Rio Doce (PERD) (~ 36,000 ha) and (ii) an econom-
ically important eucalyptus plantation managed by
Companhia Agricola Florestal Santa Barbara (CAF)
(~ 25,000 ha). In the PERD area, fishing is only
permitted for scientific purposes. Sampled lakes
included about 30% of the 149 lakes in the region
with 32 in the PERD area and 24 in the CAF area
(Fig. 1). Two sampling methods were used in all of
these lakes: the first was characterized by a low
sampling effort used in a short time interval in all lakes
(this is called here as the RAP method); the second was
the LSE method employed in ten lakes in the CAF area
and six lakes in the PERD area. The LSE method was
used to compare and test the efficiency of the RAP
method.

The RAP method

Different fish species respond differently to distinct
fishing methods (Sutherland, 2001). So, to survey non-
native fish species, multiple techniques were used to
increase the probability of detecting fish and to make
efficient use of the available time between February
and May 2002, totaling 38 sampling days. The
techniques used were interviews with sport fishers
(whenever possible), visual detection, fishing with
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Fig. 1 Picture showing PERD (Parque Estadual do Rio Doce)
and CAF (Companhia Agricola Florestal) areas at River Doce
Basin, Brazil. White spots represent lakes, and some of them are
numbered corresponding to used in the results of this study (see
Table 1)

lures, and gillnetting. All techniques were employed at
the same time in each lake.

Non-structured interviews with sport fishers were
performed with the purpose of obtaining information
about the non-native fish present in the lakes. The
number of people interviewed differed among lakes:
some lakes, being more attractive, apparently had
more sport fishers. At least one interview per lake was
conducted. Most of the times, however, only one or
two interviews per lake were carried out. The reports
of non-native species provided by sport fishers were
considered only when the fishers could authenticate
the claim showing a captured fish. This technique was
applied only in lakes in the CAF area because in the
PERD area there were no fishermen.

The visual search for non-native fish species was
performed only in the littoral zone of each lake, using
aquatic macrophytes banks, and in zones with logs and
trunks where some of the non-native fish tend to make

their nests (e.g., peacock bass and oscar Astronotus
ocellatus (Agassiz, 1831)). In all lakes, the same two
observers searched for 30 min (observing from above
water surface) for non-native species which were
marked as present if they were detected by at least one
of the two observers.

Fishing with lures was also performed in all lakes.
The lures used were the top-water Yo-Zuri Suspending
Crystal Minnows, 5%, 3/4 oz. with blue/silver color
and the subsurface Stamina Peacock Minnow, 7, 17
oz. with silver/olive color. Fish were sampled by
casting lures for 30 min at each of several locations
around the shoreline. Non-native species were
recorded after each catch.

Gillnets were deployed, using nets each measuring
10 m x 1.6 m with six different mesh sizes (15, 20,
30, 40, 50, and 60 mm between adjacent knots). These
gillnets were joined in a set and remained in the lakes
for 30 min. Whenever possible, these were used in
shoreline zones with different habitats (e.g., aquatic
macrophyte banks, swamps, beaches) for a more
representative sampling. Gillnetting had a fishing
effort of only 30 m.h for each sampled lake (obtained
by multiplication of net length by number of nets by
time in hours; effort = 10 x 6 x 0.5 = 30 m.h). If a
catch of at least one specimen of non-native species
was recorded, this species was considered as present in
the lake.

Lakes were characterized as being free of non-
natives only if no non-native species were detected
with any of the multiple RAP techniques. The
presence of one non-native fish specimen from at
least one of these four techniques led us to classify the
lake as an invaded lake.

The LSE method

The LSE (large sampling effort) method consisted of
bimonthly sampling in ten lakes in the CAF area, from
July 2002 until May 2003, with six samples in each
lake to increase the chance of sampling non-native
species due to possible seasonal variation in some
populations. In this method, three sets of gill nets were
used consisting of six different mesh sizes, each set
(15, 20, 30, 40, 50, and 60 mm between adjacent
knots) that measured 10 m x 1.6 m (except for the
60 mm gill net, which had a 20 m length).

The gill nets were placed at shorelines for 3 h,
beginning between 5 and 6 p.m. (including daylight,
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twilight, and night periods). The location of the first net
of each set was chosen by lot in first sampling and kept
in the same coordinates during the other samples. Other
nets were placed in a sequence of this distance by
8—10 m. The LSE method produced a total effort of
3,780 m.h (obtained by multiplying the number of
samples by the number of sets by net length by the
number of nets by time in hours; Effort; oy giiines = 6 ¥
3 x 10 x 5 x 3 =2,700 m.h + Effortom gitinets =
6 x 3 x 20 x 1 x 3 =1,080 m.h so Total Effort =
3,780 m.h), 126 times larger than the effort applied by
the RAP method.

Latini & Petrere’s (2004) study of non-native
species effects on native community used a massive
fishing effort in six lakes in the PERD area (Gamba,
Gambazinho, Aguas Claras, Azul, Bonita, and
Lagoinha lakes). In that study, fishing was performed
between May and August 2000, and the fishing effort
was standardized using 6 gill nets with 13 different
mesh sizes (15, 20, 30, 40, 50, 60, 70, 80, 90, 100, and
110 mm between adjacent knots) with 10 m x 1.6 m
gill nets. Gill nets were employed in areas both with
and without aquatic macrophytes for 16 h, producing
an effort of 12,480 m.h, 416 times larger than the
effort expended by the RAP method. All sampled fish
in the RAP and the LSE methods were fixed in 10%
formalin and identified in the laboratory with the
appropriate keys (Géry, 1977; Nelson, 1994; Britski
et al., 1999).

Statistical analysis

To test the RAP method efficacy in detecting non-
native fish species, the presence of each non-native
species obtained by the RAP was compared with its
abundance using the LSE method. Such comparison
permitted the analysis of detection power for each
non-native species. To perform this analysis, a logistic
regression model (Hosmer & Lemeshow, 1989) was
used as a detector of the relationship between the
categorical binary variable obtained from the RAP
(presence [1 value] or absence [0 value] of non-native
fish) and the quantitative continuous variable obtained
from the LSE method (abundance in the number of
non-native species). This model may be expressed as
follows: Y = m, where Y is the probability of
non-native fish presence, « is analogous to the
intercept on linear regression, and f indicates the
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coefficient of explanatory variable X. The 5% signif-
icance level was adopted in these analyses.

Results
RAP results

The RAP was conducted in 24 lakes in the CAF area
and 32 lakes in the PERD area. According to the RAP,
in the CAF area, non-native species were observed in
13 (54.2%) lakes. In the PERD area, just three (9.4%)
presented only native fish in their fish assemblage,
while 29 had at least one non-native fish species,
according to the RAP. Seven non-native species were
recorded in sampled lakes in total: the peacock bass;
the red piranha; the oscar; the singing catfish Ho-
plosternum littorale (Hancock, 1828); the tambaqui
Colossoma macropomum (Curvier, 1818); the African
catfish Clarias gariepinus (Burchell, 1822); and the
Nile tilapia Oreochromis niloticus niloticus (Lin-
naeus, 1758).

The multiple sampling techniques detected differ-
ent non-native fish in the two lake areas (Fig. 2)
despite their being spatially adjacent and located
within the same sub-basin. In the CAF area, where
fishing is permitted, the efficiency of sampling tech-
niques differed markedly, and sport fishers’ interviews
were particularly effective (Table 1).

In 11 of the CAF lakes, the RAP recorded no non-
native species, while in the other 13 at least one
species was recorded (Table 1). Sport fishers’ inter-
views recorded non-native fish species in eight out of
the 13 lakes where these species occur (based on the
total result and the LSE method). In the eight lakes
where interviews detected non-native species, only the
interview technique rendered positive results, while
the other three techniques were inefficient. For the
other five lakes where non-native species were
recorded, the visual technique was conclusive in two
lakes, while gillnetting detected non-native species in
the remaining three lakes (Table 2). Fishing with lures
did not detect any non-native species in RAP. In the
CAF lakes, detection of non-native fish in each lake
was obtained by one technique and no detection by
other techniques.

In the PERD lakes where fishing is not allowed, just
three lakes from the RAP analysis did not present non-
native fish (Table 1). In these lakes, the techniques
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showed more similar efficiency; in 38% of lakes with
at least one non-native species, at least two techniques
provided the detection. Of the 29 lakes with non-
native fish, gillnetting detected their presence in 22.
Fishing with lures detected non-native species in 14
out of the 29 lakes, along with visual detection
produced results in nine. The gillnetting technique had
exclusive records in 11 lakes, while fishing with lures
had in five lakes, and visual detection had in two lakes.
For the PERD lakes, several techniques recorded the
same non-native species (Table 2).

RAP techniques efficiency for different non-native
species

In lakes of the CAF area, the recorded non-native
species were red piranha (six lakes), peacock bass
(seven lakes), Nile tilapia (three lakes), oscar (two
lakes), and tambaqui (one lake). The more dispersed
species were peacock bass, and red piranha with an
occurrence detected of only one specimen in 58.9 and
53.6% of the sampled lakes, respectively. African
catfish and singing catfish occurred in 14.3% of the
lakes. Oscar occurred in 10.7%, Nile tilapia in 5.3%,
and tambaqui in 1.7% of the sampled lakes. Together,
all non-native species were found in 76.8% of the
sampled lakes.

The interview technique, used only in the CAF area,
recorded 100% of red piranha, African catfish, oscar,

CAF

and tambaqui occurrences, while it recorded 86% for
peacock bass, 50% for singing catfish, and 33% for
Nile tilapia. At the PERD area, peacock bass occurred
in 26 lakes, and red piranha in 24, with both species co-
occurring in 21 lakes. The other three non-native
species recorded were less frequently found; the oscar
was present in four lakes, and the singing catfish and
the African catfish in two lakes. The red piranha was
detected in 19 out of 24 lakes by gillnetting. In two of
these 19 lakes, the detection of the red piranha was
made by lures, while in another one this species was
visually detected. The peacock bass was detected by
gillnetting in 13 out of the 26 lakes, being that ten
detections were made exclusively by gillnets. The
visual technique was the only one to detect the
peacock bass in six different lakes, while fishing with
lures only could detect it in five lakes. All occurrences
of the oscar, the African catfish, and the singing catfish
were obtained with gillnetting.

RAP efficiency

An initial inspection of the CAF data indicates great
similarity between non-native species detection by
RAP and by LSE. Considering all non-native species,
in only one case was there an omission of a species by
a method in one of the invaded lakes. The RAP did not
fail to detect the red piranha, the peacock bass, and the
Nile tilapia, even when they occurred in low
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Table 1 Occurrence of non-native fish in 56 lakes of the River Doce Basin, Brazil, presented using different techniques of the RAP
method

Map Lake Local Technique of RAP Non-native species occurrence
number - - — - - - by RAP
Fishers Visual Fishing with Gillnetting
interview detection lures
1 Aguapé CAF  nt, ac +
2 Aguas CAF  1p, pb +
Claras
3 Amarela CAF p, pb, 0s +
4 Ariranha CAF p, pb, ac +
5 Baixa Verde CAF pb +
6 Barra CAF  1p, pb, ac, sc +
7 Bicalho CAF —
8 Café CAF ta +
9 Capim CAF —
10 Carvao CAF —
Azeite
11 Crentes CAF nt +
12 Diquada CAF -
13 Ferrugem CAF —
14 Ferruginha  CAF —
15 Jacarés CAF  1p, pb, os, sc, +
ac
16 Malba CAF -
17 Mescla CAF ac, ta, nt +
18 Nova CAF —
19 Palmeiras CAF —
20 Palmeirinha CAF  1p, pb, sc, ac +
21 Pogo CAF sc +
Redondo
22 Romoalda CAF sc +
23 Timburé CAF -
24 Verde CAF —
25 Aceiro PERD * p p +
26 Aguas PERD * rp, pb,os  +
Claras
27 Amarela PERD * pb p p +
28 Anastacia PERD * p, pb p p, pb +
29 Anibal PERD * pb +
30 Azul PERD * —
31 Bonita PERD * p, pb +
32 Carioca PERD * pb p, sc, bg  +
33 Central PERD * bg, pb +
34 Chatinha PERD * p p +
35 Comprida PERD * p, pb p, pb p +
36 Cumbaca PERD * p, pb +
37 Dom PERD * p, pb p, pb, os  +
Helvécio
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Table 1 continued

Map Lake Local Technique of RAP Non-native species occurrence
number - - . - - 3 by RAP
Fishers Visual Fishing with Gillnetting
interview detection lures
38 Boné PERD * 1p, pb p p +
39 Folhinha PERD * p, pb p +
40 Gamba PERD * rp p, pb p, pb +
41 Gambazinho PERD * —
42 Gancho PERD * p, pb +
43 Juquita PERD * pb +
44 Lagoinha PERD * _
45 Maroba PERD * p, pb +
46 Meio PERD * 1p, pb +
47 Palmeiras PERD * rp, pb +
48 Patos PERD * p, pb +
49 Piabas PERD * rp, pb +
50 Piaus PERD * p, pb +
51 Preta PERD * pb +
52 Queiroga PERD * p, pb, os, +
sC

53 Sdo José PERD * p, pb, 0s  +
54 Santa Luzia PERD * p, pb p +
55 Terceira PERD * pb +
56 Vermelha PERD * p +

Cited species are peacock bass (pb), red piranha (rp), oscar (0s), singing catfish (sc), tambaqui (ta), African catfish (ac), and Nile
tilapia (nt). The last column indicates the presence (4) or absence (—) of non-native fish species (in general) in the lakes. Sport
fishers’ interviews were available only for CAF lakes where fishing is allowed, so, an asterisk (*) was used to indicate the lakes where

no interview was performed

abundance (Fig. 3), but did miss the singing catfish in
three lakes and the oscar in one lake. On the other
hand, the RAP detected the African catfish in one lake,
whereas LSE did not.

An initial inspection of the PERD lakes indicates
identical detection results to those obtained by Latini
& Petrere (2004) for all non-native species, and this
was the case for the basic detection of each non-native
species alone and the detection of the number of non-
native species. The RAP efficiency in the detection of
the red piranha, the peacock bass, and the African
catfish is very high, permitting detection in situations
of low abundance (Table 3; Fig. 4A, B, C). However,
the RAP did not perform as efficiently for the oscar
and the singing catfish. Although RAP could detect the
oscar in low abundance, the number of lakes contain-
ing this species is small (Table 3; Fig. 4D). The RAP
detected the singing catfish in low abundance but

failed to detect its occurrence in some lakes where this
species is found in high abundance (Table 3; Fig. 4E).

Discussion

The RAP is a reliable method to detect non-native fish
species in the studied lakes as it presented the same
accuracy as a larger sampling effort. Seven non-native
species were detected, with the red piranha and the
peacock bass as the most frequent. The efficiency of
the RAP comes from the multiple techniques
employed, as some techniques are more efficient for
different species. At the PERD lakes, where informa-
tion from sport fishers was not available, the other
sampling techniques were more effective than they
were in the CAF lakes. Gill netting was the most
efficient method in the PERD lakes, but the efficiency
of this technique was lower in the CAF lakes.
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Table 2 Number of lakes with detection of each non-native fish species by sampling technique (fishers’ interviews, visual detection,
fishing with lures and gillnetting) and by studied areas (CAF and PERD) at the River Doce Basin, Brazil

Area  Non-native fish  Fishers interview Visual detection Fishing with lures  Gillnetting Occurrence (number of lakes)

CAF  Any non-native 8 (61%) 2 (15%) 0 3 (23%) 13
Red piranha 6 (100%) 0 0 0 6
Peacock bass 6 (86%) 1 (14%) 0 0 7
African catfish 6 (100%) 0 0 0 6
Nile tilapia 2 (67%) 0 0 1 (33%) 3
Oscar 2 (100%) 0 0 0 2
Singing catfish 3 (50%) 1 (17%) 0 2 (33%) 6
Tambaqui 1 (100%) 0 0 0 1

PERD Any non-native 9 (31%) 14 (48%) 22 (76%) 29
Red piranha 6 (25%) 11 (46%) 19 (79%) 24
Peacock bass 8 (31%) 9 (35%) 13 (50%) 26
African catfish 0 0 2 (100%) 2
Oscar 0 0 4 (100%)
Singing catfish 0 0 2 (100%) 2

Interestingly the abundance of non-native fish species
was lower in the CAF lakes (Fig. 3), resulting in lower
probability of capture by this technique than in the
PERD lakes. The lower abundances of non-native
species in the CAF lakes appear to be the result of two
factors: more recent introductions and presence of
fishing activities that suppress growth rates in the non-
native populations.

At the CAF lakes, sport fisher interviews were the
most efficient technique for detecting non-native
fishes. Without this technique, the RAP would not
have detected the occurrence of non-native fish in
eight out of the 13 lakes containing them. This
efficiency in non-native species’ catches is likely due
to fishers being talented in the use of fishing methods
and spending a lot of time fishing, along with several
non-native species being of commercial interest.

The superior efficiency of gillnetting in the PERD
lakes and of the sport fishers’ interviews in the CAF
lakes does not diminish the importance of other
techniques. Visual detection and lures were unique in
the identification of non-native species in some lakes.
For example, peacock bass was exclusively identified
by visual techniques in the Baixa Verde lake in the
CAF area and by lures in the Juquita lake in the PERD
area, corroborating the importance of multiple tech-
niques in the RAP methodology.
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Sport fishers are cited as possible dispersion agents
of non-native fish in the River Doce lakes (Lima et al.,
2010; Latini et al., 2016). The results obtained from
interviews indicate that they are also one of the
important tools for analyzing the problem. This
indicates that the RAP methods for fish surveys have
to make use of fishers’ interviews as part of the
sampling technique. Fish stock studies use informa-
tion from fishers (e.g., Petrere et al., 2004; Golden
et al., 2014), and biological invasion scientists may
consider doing the same.

Larger sampling effort methods allowed to identify
non-native species of lower abundance in the CAF and
the PERD lakes. However, the RAP also detected non-
native species in low-abundance situations. The
detection of oscar and singing catfish was less efficient
by RAP, suggesting it was dependent on species
abundance. Besides that, general RAP’s success
suggests that it has potential for use in monitoring
non-native fish species invasions in large areas, such
as the River Doce lakes area, what may produce the
best results to minimize the economic costs associated
with non-native species invasions (Heger & Trepl,
2003; Zanden et al., 2011).

Particularly in Eastern Brazil tropical lakes, the
RAP is as efficient as the LSE method with the
advantage of having lower costs. However, the pos-
sibility of comparison between the two methods as



Hydrobiologia (2018) 817:85-96

93

180 ‘
[W] Red piranha
[®] Peacock bass
160  [@] African catfish
[®7] Singing catfish
[3] Nile tilapia
140 ' [@] Tambaqui
[©] Oscar
3 120t
o
£
2 100}
o
e
o 80 _
°
[ =
>
o 60f
<
40 +
20
ot mld o n o

CAF
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Table 3 Results of logistic regression for RAP efficiency in detection of non-native species at the River Doce Basin, Brazil

Non-native species Logistic regression result Interpretation
N (n) X2 P
Peacock Bass 16 (6) 18.565 < 0.001 Highly efficient RAP
Red Piranha 16 (6) 16.556 < 0.001 Highly efficient RAP
Oscar 16 (1) 7.485 0.062 Failed RAP registration of this species
African Catfish 16 (2) 4.708 0.030 Highly efficient RAP
Singing Catfish 16 (3) 2.954 0.085 Failed RAP registration of this species

N stands for the number of lakes sampled, and 7, the number of lakes with the incidence of each species. X> represents Chi-square
values from logistic regression results, and P is the statistical probability. The last column indicates an interpretation of RAP
efficiency for each species obtained from results of logistic regression and Fig. 3. When RAP detects non-native fish, even in low
abundance, it is interpreted as either highly efficient or failed to register species

done in this study is not common in other areas. Here,
specific efforts of two methods were calculated, and
high quality in RAP methodology was observed.
Moreover, if a problem requires RAP in a specific site,
it is likely that, with the agility required by the
problem, the researcher will not have time to verify
what is the best methodology. An additional problem
is that some of the techniques used here will not be
possible on other sites: for example, if the study is

done in a protected area, there should be no fishers; if
the water is turbid, visual observation might not be
successful, or if the ponds are too shallow, gillnetting
may be impractical. However, other new tools can be
useful to specific situations: electrofishing, benthic
gillnets, multi-mesh gillnets, or different times for
sampling or sampling periods can increase the quality
of a RAP in other situations. In other words, the
significant finding of this work is that with knowledge
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Fig. 4 Results of logistic regression for RAP efficiency
analysis in non-native detection at River Doce Basin, Brazil.
The X values represent the abundance of non-native species
obtained from LSE method and Y values represent detection of
non-native fish by RAP method. Bars represent standard

about regional characteristics, it is possible to make a
RAP with a set of valuable sampling methods and thus
obtain optimum solutions for local questions
worldwide.

There are studies showing the results of fishing at
different times of day (e.g., Kocovsky et al., 2010),

@ Springer

deviation measure of variation. Different figures refer to red
piranha (A), peacock bass (B), African catfish (C), oscar (D),
and singing catfish detection (E). Only A, B, and C represent
significant results

comparing the efficiency of a methodology in different
habitat types (e.g., Deceliere-Verges et al., 2009) and
more frequently comparing methods in the same site
(e.g., Olin et al., 2009). However, apparently, there are
no studies comparing the efficiency of multiple
sampling approaches, and this study could help to
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supply information about the effort required for
distinct sample situations, such as habitat heterogene-
ity, spatial patterning, or population abundance, which
can improve efficiency using RAPs to the non-native
fish survey.
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