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Abstract
Samraoui (J Insect Conserv. https ://doi.org/10.1007/s1084 1-017-9966-2, 2017) claims that he shows evidence that our conservation 
plan of Urothemis edwardsii has failed and that natural dispersal was the only cause of the recent rapid range expansion of the species 
in Northeast Algeria. Here, we show that his analysis is biased, many of his arguments are erroneous and strongly contradictory, many 
key studies are dismissed, and the few data used as evidence to refute our conclusions rather confirm them. We also provide data to 
prove that our conservation plan did not cause any harm to the source population by comparing exuviae-based estimation of popula-
tion size in 2012 and 2016. We discuss the need for future monitoring and management and highlight that the recommendations of 
Samraoui (J Insect Conserv, 2017) are misleading, and thus are unlikely to bring us closer to an effective long-term conservation of the 
species in the region. Beyond our criticism, we explain why we should not dismiss the direct and indirect implications of final instar 
larvae translocation in successful colonization of odonates in particular, which could also be applied to aquatic insects in general.

Keywords Conservation · Reintroduction · Translocation · Exuviae · Population size · Colonization · Odonata · Dragonfly · 
North Africa

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s1084 1-018-0045-0) contains 
supplementary material, which is available to authorized users.

 * Rassim Khelifa 
 rassimkhelifa@gmail.com

 Rabah Zebsa 
 rabahzebsa@yahoo.fr

 Hichem Amari 
 amari.hichem@yahoo.fr

 Mohammed Khalil Mellal 
 mohamedkhalil.mellal@gmail.com

 Abdelheq Zouaimia 
 zouaimia.abdelheq@gmail.com

 Soufyane Bensouilah 
 soufyaneben@hotmail.com

 Abdeldjalil Laouar 
 abdeldjalillaouar@gmail.com

 Moussa Houhamdi 
 houhamdimoussa@yahoo.fr

1 Department of Evolutionary Biology and Environmental 
Studies, University of Zurich, Winterthurerstrasse 190, 
8057 Zurich, Switzerland

2 Department of Biology, Faculty of Biological 
and Agricultural Sciences, University of Tizi Ouzou, 
15000 Tizi Ouzou, Algeria

3 Department of Nature and Life Sciences, Faculty of Nature 
and Life Sciences and Earth and Universe Sciences, 
University of 08 May 1945, 24000 Guelma, Algeria

4 Laboratory of Functional and Evolutionary Ecology, 
Department of Biology, University of Chadli Bendjedid, 
36000 El Tarf, Algeria

5 Laboratory of Marine and Coastal Environments Ecobiology, 
Department of Biology, Badji Mokhtar University, BP 12, 
23000 Annaba, Algeria

6 Département de Zoology, Université de Mons, 20, place du 
Parc, B7000 Mons, Belgium

7 Laboratoire Biologie, Eau et Environnement (LBEE), 
University of 08 May 1945, 24000 Guelma, Algeria

http://orcid.org/0000-0001-6632-8787
https://doi.org/10.1007/s10841-017-9966-2
http://crossmark.crossref.org/dialog/?doi=10.1007/s10841-018-0045-0&domain=pdf
https://doi.org/10.1007/s10841-018-0045-0


 Journal of Insect Conservation

1 3

Introduction

In his book of The growth of biological thought, Ernst 
Mayr wrote “All interpretations made by a scientist are 
hypotheses, and all hypotheses are tentative. They must 
forever be tested and they must be revised if found to be 
unsatisfactory” (Mayr 1982). While it is the duty of scien-
tists to raise a debate and provide alternative hypotheses, 
it is critical that these hypotheses are based on well-estab-
lished theories, scientific evidence and coherent reasoning. 
Since we found the hypothesis of Samraoui (2017) very 
unsatisfactory, it is our responsibility to shed light on sev-
eral biological and ecological aspects that were overlooked 
in the analysis.

Imagine a species that has been restricted to one site 
(site A) for two decades, showing no sign of dispersal 
although nearby sites were available. Now, imagine a 
distant site (site B) that has never harbored this species, 
showing all of a sudden, a group of individuals in a given 
year. Your first naïve impression would be: there was a 
successful natural colonization. Later you discover that 
larvae were translocated in this site during the same year. 
Normally, your answer would be: ahaa! that explains a lot. 
Instead, you insist on the fact that it was a natural disper-
sal, discounting the translocated larvae without having any 
tangible scientific evidence. This is the case of Samraoui 
(2017) who tries to refute the conclusions of Khelifa et al. 
(2016a).

Before showing that the evidence of Samraoui (2017) 
does not go against our conclusions, we would like to start 
with three questions: (1) what are the odds that U. edward-
sii, which had not been observed in any site but Lake 
Bleu since 1990, would naturally colonize in the same 
year (2011) a site (Lake Tonga) where a translocation 
experiment was just launched? (2) if that natural disper-
sal happened, what are the chances that this phenomenon 
occurred independently from the already existing trans-
located conspecifics? (3) why would the only evidence of 
natural colonization occur in 2011 and not any time prior 
to this year during which the translocation scheme started? 
These are relevant questions that have to be considered 
before claiming that natural dispersal is the only source 
of the recent range expansion of the species in Northeast 
Algeria. The reasonable answer for these questions is that 
the likelihood of an independent natural colonization as 
suggested by Samraoui (2017) is very small, and the only 
way to prove it is to disentangle between the success of 
natural and assisted dispersal, and unravel the potential 
interplay between the two. None of these key questions 
were addressed in Samraoui (2017).

Here, we present a critical analysis of Samraoui 
(2017) addressing the contradictions, misquotations and 

misunderstandings, biased conclusions, major comments 
(those that supposedly refutes the main conclusions) and 
minor comments (those that were made on specific points 
and details but do not go against the main conclusions). 
To avoid any speculation, we provide additional data that 
confirm that our harvest technique at Lake Bleu did not 
affect the source population.

Critical examination

Contradictions

Contradiction 1: natural dispersal is possible, but assisted 
dispersal is not

Without any proof, Samraoui (2017) seems to be sure that 
all larvae translocated in Lake Tonga failed to emerge, but, 
at the same time, shows confidence that the new established 
population is the result of natural dispersal. Here we show 
that this is a contradictory statement. If natural colonization 
happens, assisted colonization should also happen (Fig. 1). 
In fact, the likelihood of the success of our translocation 
scheme (assisted dispersal) is higher than that of natural col-
onization for a simple reason. During a natural colonization, 
the dragonfly has to fly from site A to B, avoid being eaten 
along the way and at site B, meet a mate, copulate, lay eggs 
in the water, eggs have to hatch, the small larvae have to 
grow for several months among a large variety of predators, 
and finally the larvae have to emerge successfully (Fig. 1a). 
Translocation procedure of final instar larvae reduces this 
long process to just emergence (Fig. 1b). Assuming that nat-
ural dispersal from site A to site B is possible (Fig. 1a), but 
assisted dispersal presented in Khelifa et al. (2016a; Fig. 1b) 
is not, is just erroneous. As an objective analogy, it is similar 
to assume that a human can run (non-stop) 50 km from site 
A to B and go through different kinds of obstacles where 
he risks his life, but not believing that the same human can 
run 10 m. Therefore, it is very likely that our assisted dis-
persal has contributed to the establishment of Lake Tonga 
population.

Contradiction 2: questioning the choice of Lake Tonga 
as adequate for the translocation of the species

Another contradiction in Samraoui (2017) is the complaint 
about the choice of Lake Tonga as a potential host site, but at 
the same time, he asserts natural establishment of a popula-
tion. So in other words, his question was: why did we choose 
a site where the species is currently flourishing? Our answer 
is: because we had prior knowledge on the biology and eco-
logical requirements of the species which we documented 
in Khelifa et al. (2013a, b) through adult and exuviae-based 
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studies. These works were not cited in Samraoui (2017). 
We described the final instar exuvia of the species, which 
allowed us to identify and select the species at the larval 
stage. We also collected information on habitat preferences 
(plant preferences and water depth) of the species during 
emergence, which allowed us to pinpoint where final instar 
larvae should be translocated for a successful emergence. 
Such information on habitat characteristics is important for 
a successful translocation (Thompson et al. 2015). Samraoui 
(2017) states that size, substrate, plant and animal communi-
ties of Lake Bleu and Lake Tonga are different. It is obvi-
ous that when you compare 2 ha pond with 2700 ha marsh, 
biological communities are likely to be different. However, 
a large wetland like Lake Tonga should not be considered 
as a homogenous habitat because it presents a wide range 
of microhabitats that are potentially favorable for various 
communities (discussed after). So, instead of focusing on 
bird and fish communities as Samraoui (2017) pointed out, 
the right approach is to use accurate ecological knowledge 
on the species (Khelifa et al. 2013b) and the concept of 

bioindication (da Rocha et al. 2010; Relyea et al. 2000) to 
select the appropriate host sites within 2700 ha wetland. We 
explain explicitly the reasons for our choice of Lake Tonga 
in our paper, but Samraoui (2017) did not discuss any. To 
summarize, in sections of Lake Tonga where translocation 
was conducted, odonate and plant community were very 
similar to the source population, which bioindicate that the 
ecological requirements for the species are likely to be met. 
The success of the colonization was the proof that our selec-
tive approach pinpointed the preferred ecological niche of 
the species. As mentioned in Khelifa et al. (2016a), the other 
important reason why Lake Tonga was selected is the pros-
pect for the population in the long term. By 2010, the spe-
cies was restricted to a 2 ha pond in Algeria, which makes it 
very vulnerable to extinction. With its 2700 ha, Lake Tonga 
most likely has a large carrying capacity for a dragonfly like 
U. edwardsii and a greater resilience against drought. The 
population can increase in numbers and play the role of a 
source population for other habitats in the vicinity. So our 
plan was also successful in this way since the southern part 

Site A
(Source) Site B

Successful natural dispersal

Site B
Successful assisted dispersal

Site A
(Source)

A

B

Fig. 1  Natural versus assisted dispersal. a and b refer to natural and 
assisted dispersal (used in Khelifa et al. 2016a) in a dragonfly, respec-
tively. Numbers refer to the sequential process that the dragonfly goes 
through for successful colonization. 1: movement from site A to site 
B. 2: mate encounter and copulation; 3: oviposition; 4: egg hatching; 
5: larval development until reaching the last instar; 6: emergence. 

Natural dispersal (a) is a long process that involves many ecologi-
cal barriers such as aerial, terrestrial and aquatic predators (in red). 
Assisted dispersal (b) used in Khelifa et al. (2016a) reduces this long 
process to emergence. Samraoui’s rebuttal claims that a natural dis-
persal is the only reason for Lake Tonga colonization, discounting 
totally the assisted dispersal that we carried out. (Color figure online)
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of the lake was subsequently colonized, most likely by the 
new established population in the northern part of the lake.

Contradiction 3: claiming high dispersal, but high recapture 
rate

Samraoui (2017) expressed some concerns about the low 
recapture rate that we reported, suggesting that marked 
individuals have mainly died due to handling. However, he 
argues that the species colonized naturally all sites which 
suggests a high dispersal rate. If the species disperses, the 
recapture rate of individuals in its original population must 
be low (Davies and Saccheri 2015). One could not claim 
natural colonization and be surprised about the low recap-
ture rates.

Besides the fact that no individual was damaged due to 
our CMR, we have been carrying out CMR studies for the 
last 8 years with both dragonflies and damselflies (Khelifa 
et al. 2014, 2015, 2016b; Khelifa and Mellal 2016; Mah-
djoub et al. 2014; Zebsa et al. 2015). Thus, we had acquired 
experience in handling adults safely prior to the study. Fur-
thermore, CMR was conducted in 2015 when the popula-
tion showed range expansion and was not carried out in our 
previous study on adults (Khelifa et al. 2013a). In addition, 
although damselflies are quite fragile and sometimes show 
increased mortality due to handling (Cordero-Rivera et al. 
2002; Cordero-Rivera and Stoks 2008), large dragonflies are 
more robust and thus less susceptible to damage. In fact, low 
recapture rates in odonates are not uncommon (Andrés and 
Rivera 2001; Anholt et al. 2001; Zebsa et al. 2015), particu-
larly in large dragonflies. We are confident that there was no 
major effect of handling on adults since during the same day 
of their marking, they showed a normal reproductive behav-
ior including chasing females, competing with conspecifics, 
copulation, and/or oviposition.

Is the low recapture rate of the species only indicative 
of mortality and migration? Not necessarily. There are few 
non-exclusive hypothesis to explain the low recapture rates 
in U. edwardsii. First, our sampling procedure was not on 
a daily basis (twice a week), which reduced the probabil-
ity of encountering a marked individual from one sampling 
occasion to another. We explain our methodology in our 
paper and we clearly state that only 2 h of sampling (capture 
and marking) was carried out in each occasion and in each 
site. Due to the fact that capturing a large dragonfly like U. 
edwardsii was challenging, the number of marked individu-
als was lower than the number of unmarked individuals in 
each occasion, which indicates that the marked sample size 
was quite small with respect to the entire population. Sec-
ond, the occurrence of large population size also reduces the 
probability of encountering marked individuals because of 
the so-called ‘needle-in-a-haystack’ effect (Rubenstein and 
Hobson 2004). As shown hereafter, the population size of 

Lake Bleu is larger than assumed before and this plays an 
important role in the non-detection of marked individuals. 
Last but not least, the spatial distribution of adults in the 
reproductive site makes the detection of marked individuals 
challenging. In our study (Khelifa et al. 2016a), we demon-
strated that adults were widely scattered around the sites and 
could reach distances that are > 1 km far from the waterbody. 
This is probably due to the territorial mating system of the 
species which makes males scattered across a large area; a 
reproductive aspect that has not been investigated yet.

Misquotations and misunderstandings

Samraoui (2017) has repeatedly mistaken our methodology 
of egg translocation and capture-mark-recapture (CMR). 
The rebuttal refers to 16 and 74 eggs, whereas Khelifa et al. 
(2016a) clearly refers to clutches. So, what difference in 
number would this make? It is worthwhile to give a basic 
definition of a clutch as indicated in Corbet (1999) “comple-
ment of oocytes that mature together to produce a batch of 
eggs which are typically laid during an episode”. We esti-
mated in our previous study the clutch size of the species 
which was about 650 eggs (Khelifa et al. 2013a). There-
fore, in terms of difference in number, Samraoui (2017) just 
underestimated the initial egg population size by 650 times, 
which might explain the skepticism about the success of the 
translocation.

Samraoui (2017) states “Khelifa et al. (2016a) also claim 
that Lake Tonga and Lac Bleu exhibit a close resemblance 
in habitat characteristics.” This is not true. In Khelifa et al. 
(2016a) it was stated “The Northeastern part of the lake 
(Lac Tonga NE)”, indicating the geographic coordinates, is 
similar to Lake Bleu. Lake Tonga is 2700 ha marsh and is 
therefore very distinct from Lac Bleu (2 ha) as mentioned 
before, but some part of this gigantic wetland has physi-
cal and biological features that are similar to Lake Bleu (as 
discussed above).

Samraoui (2017) states “Of the 102 marked individuals at 
Lake Tonga, only 7.8% were recaptured”. No capture-mark-
recapture (CMR) was carried out in Lake Tonga. The data 
referred to Lake Bleu. He further states “These very low 
recapture rates were not addressed by the authors”, which is 
also not true. We clearly stated “the very low recapture rate 
of the species was probably not only the result of mortality”. 
This severe negligence shown through the repeated mistakes 
affects the scientific credibility of the entire rebuttal.

Major comments

As a main evidence, Samraoui (2017) states that he counted 
49 individuals along 450 m stretch at the very same year and 
location where 46 final instar larvae were translocated. Our 
selection of final instar larvae as candidates of translocation 
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ensured very high probability of emergence (Khelifa 2012). 
The methodology that Samraoui (2017) used was based on 
unmarked individuals and thus it is misleading and often 
yields inaccurate estimates of the total number of individu-
als (Seber 1982), especially in dragonflies. One unmarked 
dragonfly can be counted several times along 450 m transect 
because it flies back and forth as a result of disturbance from 
conspecific males (Khelifa et al. 2013a), and other sources of 
disturbance. Therefore, this only single data point collected 
by Samraoui (2017) proves only that several specimens were 
flying after the translocation event.

He also cited the work of Douakha and Kaddeche (2012) 
who coincidently recorded the new population of Lake 
Tonga in 2011, when the translocation plan was launched. 
Douakha and Kaddeche (2012) recorded a maximum of 31 
individuals, counted visually without any marking tech-
nique. Thus, these recorded individuals of Douakha and 
Kaddeche (2012) likely originated from successful emer-
gence of the translocated larvae in 2011.

Moreover, Samraoui (2017) refers to an observation 
of the species at Kebir-East (7 km south of Lake Tonga) 
reported in Satha and Samraoui (2017) as another proof of 
“range expansion” of U. edwardsii. In addition to the fact 
that Satha and Samraoui (2017) was not cited in the refer-
ence list, the observation was made on the adult stage with 
no indication of the number of individuals. Adults are far 
from being the best indicators of successful colonization. 
By claiming range expansion based on such observation, 
Samraoui (2017) dismissed a series of studies warning about 
the use of adult stage as indicator of successful colonization 
(Hardersen 2008; Ott 2007; Raebel et al. 2010; Samways 
et al. 2010). Vagrant dragonflies are occasionally observed 
far from their emergence site (Corbet 1999), but this does 
not reflect or confirm a colonization. Indicators of emer-
gence (exuviae and tenerals) do. Furthermore, we already 
stated in our paper that the “dispersal ability of the species 
might have been underestimated in the past”, but there is 
a big difference between reaching a site and establishing a 
population there. Thus, this argument does not oppose the 
conclusions of Khelifa et al. (2016a).

So, why were Khelifa et al. (2016a) careful about claim-
ing that natural colonization was likely? The species was 
restricted to one site for more than two decades, although a 
large number of nearby wetlands were available. Also, our 
study showed no exchange of marked individuals between 
Lake Bleu and Lake Noir. If we use the available data and a 
scientific reasoning, it would be bold to claim that the spe-
cies has colonized the sites naturally, especially when we 
translocated larvae. So, yes, we are not against the hypoth-
esis that a natural dispersal could have occurred, however, all 
available data strengthened the hypothesis that the coloniza-
tion was mainly the result of our translocation scheme. Even 
after reading the few additional records of Samraoui (2017), 

we are still unconvinced that natural dispersal could explain 
100% of the colonization, and thus refute the conclusions of 
Samraoui (2017).

Biased conclusions

As scientists, we have to test all alternative hypotheses and 
use the available data to support them. So, let’s assume there 
were actually 49 individuals (or more) in Lake Tonga in 
2011, does it mean that the translocation failed? There is 
a crucial fact in behavioral ecology that has been totally 
ignored by Samraoui (2017). This fact is the social cue and 
the conspecific effects on colonization rates, which suggests 
that individuals are more likely to colonize areas where con-
specifics are already present because they use this cue for 
habitat quality assessment (Fahrig 2007; Smith and Peacock 
1990; Stamps 1988). There is an overwhelming literature on 
the implication of conspecific occurrence on habitat choice 
in mammals (Boyd and Pletscher 1999; Gregory Welsh and 
Muller-Schwarze 1989), birds (Muller et al. 1997; Serrano 
and Tella 2003), amphibians (Rudolf and Rödel 2005), rep-
tiles (Graves and Duvall 1995), fish (Lecchini et al. 2007), 
crustaceans (Zimmer-Faust et al. 1985) and also insects 
(Jeanson and Deneubourg 2007; Raitanen et al. 2013). In 
fact, the influence of social cue in behavioral decisions of 
odonate adults has been confirmed in several species from 
different families such as Coenagrionidae (Byers and Eason 
2009; Martens 1994), Calopterygidae (Grether and Switzer 
2000), Platycnemididae (Martens 2002) and even Libelluli-
dae (McMillan 2000). Thus, even if the count reported by 
Samraoui (2017) was correct, which is unlikely, the extra 
individuals which would represent the new dispersers would 
likely have arrived because of the already existent individ-
uals that we translocated. The latter may have played the 
role of attractors, paving the way for natural colonization. 
This hypothesis is more acceptable and objective given the 
available relevant literature and the history of the absence of 
colonization of the species during the last two decades. This 
is therefore a relevant hypothesis that should be considered.

Was the population of Lake Bleu imperiled?

Samraoui (2017) also claims that our sampling of Lake Bleu 
might have imperiled the population. Data that shows that 
Lake Bleu population was not harmed was already published 
in Khelifa et al. (2016a), but Samraoui (2017) failed to dis-
cuss it. CMR carried out in 2015 in Lake Bleu for only 2 h 
during 10 occasions at the end of the flight season yielded 
102 marked adults, although many unmarked adults were 
left in the site in each occasion. Besides that, the low recap-
ture rate indicates that the population size was recently large 
and flourishing. However, we would like to further demon-
strate based on exuviae collections that his claims are wrong. 
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Regular exuviae sampling gives good indication of the actual 
population size (Foster and Soluk 2004) because exuviae 
reflect successful emergence of adults (Raebel et al. 2010). 
We conducted collections of final instar exuviae in Lake 
Bleu in 2012 (Khelifa et al. 2013b) and 2016a within ran-
domly chosen 2 × 2 m2 quadrates (total of 400 m2) (Fig. 2a, 
b; see supplementary methods). A total of 86 (0.215 exuvia 
 m−2) and 119 (0.297 exuvia m−2) exuviae were collected in 
2012 and 2016, respectively. We used a generalized nega-
tive binomial model to determine the factors that determine 
the density of exuviae in Lake Bleu. Then based on these 
factors, we predicted the total number of individuals in the 
entire site (excluding the unvegetated areas).

Our best model included water depth (with the quadratic 
effect) and the slope of the substrate as main effects (Fig. 3a; 
Table 1). Models including year-effect did not significantly 
explain more variation, which suggests that the density of 
exuviae, although higher in 2016 than in 2012, was not sig-
nificantly different. Then, based on bathymetry (Fig. 3b) and 
vegetation cover information (to the nearest 4 m2), our best 
model predicted a total population size of 3185 exuviae. 
This is the first estimate of the population size of Lake Bleu 

based on a described scientific methodology. Although sur-
vival to maturation is still unknown to estimate the effec-
tive population size, our exuviae sampling shows that the 
population size of Lake Bleu is most likely far beyond the 
estimated 250 breeding pairs (with undescribed methodol-
ogy). Moreover, the total number of exuviae collected was 
likely underestimated because we sampled each quadrate 
only twice during the second half of the emergence season 
(to avoid disturbance), and thus many exuviae may have 
fallen down on the water surface and sink over the season 
due to various abiotic (wind and rain) and biotic (waterbirds, 
reptiles and other animals) factors. Therefore, our sampling 
of about 50 larvae every year should not have harmed the 
population.

To summarize, our critical analysis of the major com-
ments of Samraoui (2017) led us to conclude that the very 
few data presented does not disagree with the success of 
our conservation plan. Using the available evidence and an 
objective scientific thinking, we are confident that our trans-
location scheme was successful, and even if natural dispersal 
happened, it is uncertain that it occurred independently from 
the translocated individuals.

Minor comments

Samraoui (2017) doubted the “credibility of the whole moni-
toring scheme” because we failed to detect U. edwardsii at 
Lake Tonga in 2011. It is possible not to detect a dragonfly 
in successive sampling occasions. For example, U. edwardsii 
was not detected during the flight season of 2007 at Lake 
Bleu (Riservato et al. 2009), although subsequent visits con-
firmed the presence of the population (Khelifa et al. 2013a). 
In addition, we find it incautious that Samraoui confirms 
the presence of an already established and large population 
based on one [or a few considering Douakha and Kaddeche 
(2012)] data point that was collected with a methodology 
that does not allow reliable estimates of abundance of adults, 
and no indicator of successful reproduction was reported.

Samraoui (2017) suggests that Lake Tonga population 
was established between 2007 and 2010, but there is no 
data to prove that. Although detection probability by a few 
researchers might be low in this large wetland, we and other 
ecologists had visited the site several times during these 
years and no U. edwardsii individual was observed. In fact, 
Lake Tonga is a very popular wetland in Northeast Algeria 
where many students and researchers carry out their research 
projects. Moreover, authorities of the PNEK (National Park 
of El Kala) conduct regular biodiversity checklists, and 
given that U. edwardsii is the emblematic species for the 
region, technicians and researchers would have noticed its 
presence. Therefore, the establishment of a population prior 
to 2011 seems very unlikely.Fig. 2  a and b Exuviae sampling of Urothemis edwardsii in Lake 

Bleu. c Final instar exuviae of Urothemis edwardsii in Lake Bleu
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The comment of Samraoui (2017) on the potential out-
breeding depression that our translocation may have exposed 
Lake Tonga population is out of context. Outbreeding 
depression may happen when two populations adapted to 
different environments are brought together (Dobzhansky 
1948). For U. edwardsii, this could happen if one translo-
cates individuals from its main home range (Sub-Saharan 
Africa) to our relict population. In our region, all available 

Fig. 3  a Predicted number of 
exuviae across water depth and 
substrate slope. b Bathymetric 
map of Lake Bleu. Grids are 
2 × 2 m2. The unit of water 
depth is in meters. Values 
between brackets refer to the 
number of grids for each depth 
stratum. This map was used to 
determine the population size of 
U. edwardsii based on exuviae 
sampling. (Color figure online)
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Table 1  Summary results of the negative binomial regression of the 
number of exuviae against water depth and substrate slope

Estimate SE z value P-value

Intercept − 9.608 1.802 − 5.331 < 0.0001
Depth 14.000 2.651 5.280 < 0.0001
Depth2 − 4.814 0.937 − 5.136 < 0.0001
Subs. slope 0.112 0.074 1.514 0.13
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data show that there is one population (Lake Bleu). So the 
problem should be inbreeding and not outbreeding.

Regarding the critique made by Samraoui (2017) on the 
taxonomy of the species, we would like to answer with a 
quote: “If the reader is to grasp what the writer means, the 
writer must understand what the reader needs” (Gopen and 
Swan 1990). Samraoui (2017) suggested that we had to high-
light in the title or in the abstract that the species once was 
moved from the genus Libellula to Urothemis. Are we sup-
posed to highlight a historical taxonomic misclassification 
of the species in the title or the abstract of a conservation 
paper? Samraoui’s (2017) suggestion is out of context and 
misleading, and we, as any other scientific writer, have the 
duty to highly recommend to writers to avoid writing irrel-
evant details (to the purpose of the paper) in their manu-
scripts, especially in the title and abstract (Peat et al. 2002). 
We named the species as indicated by the IUCN where the 
author of Samraoui (2017) himself is a co-author of the 
species overview page (Boudot et al. 2016), and any other 
recent source (Boudot et al. 2009; Dijkstra and Lewington 
2006).

Concerning our statement that U. edwardsii is the most 
critically endangered species of dragonfly in the Mediter-
ranean, Samraoui (2017) suggests that Onychogomphus 
boudoti should be considered as the most endangered one 
instead. Indeed, by early 2011 both species were restricted to 
one locality. O. boudoti was discovered in 2011 in Morocco 
(Ferreira et al. 2014), and although IUCN Red list currently 
classified it as critically endangered, further investigations 
need to be carried out to determine its entire range of dis-
tribution. It is too early to assert that the distribution range 
of this freshly discovered species is definitely restricted to 
one locality. U. edwardsii, on the hand, has been confined 
to a single site for more than two decades which makes it a 
good candidate for the most endangered species before our 
conservation efforts. Thus, unlike Samraoui (2017), one has 
to be careful when comparing a species that we have so lit-
tle data on with another species that has been sampled for a 
longer period in order to avoid biases.

Regarding Lake Okrera that we named as El Graeate in 
our manuscript, Samraoui claims that the site was already 
repeatedly visited several times in the 90s. Once again, Sam-
raoui showed a lack of careful reading of our paper. In our 
manuscript, we have four sites named as El Graeate (1–4) 
and Lake Okrera coordinates as indicated in Samraoui and 
Corbet (2000) falls in Graeate 1. The map (Fig. 1: locality 2) 
presented in Khelifa et al. (2016a) clearly shows that the new 
population is restricted to Graeate 2 which is a few 100 m 
far from Graeate 1.

Samraoui states ‘Of concern is that after their first attempt 
at translocation at Lake Tonga in 2011 with 46 larvae failed, 
Khelifa et al. (2016a) repeated the same experiment the fol-
lowing year with a smaller number: 23!’ This statement is 

inaccurate or incomplete. We collected the same number of 
larvae (46) in 2011 and 2012, but we translocated 23 in each 
Lake Tonga and Lake Noir. In addition, we do not follow the 
blurred reasoning of Samraoui here because the reason why 
we translocated 46 larvae was not because we found only 46, 
but rather because we selected them.

Regarding the obviously non-significant negative pat-
tern of the number of individuals recorded within 100 m in 
Lake Bleu, we reanalyzed the data of population trend with 
a generalized model (negative binomial distribution) and it 
showed the exact same pattern with an even higher P-value 
for Lake Bleu (P = 0.77) which confirms that the slightly 
negative pattern is far from significance and could be the 
result of weather conditions during sampling. Our exuviae-
based population estimation confirms it.

Samraoui (2017) made also a comment on why do we 
divide Lake Tonga population into two, arguing that adults 
could fly from one population to another. It depends on 
how we should define a population of a flying insect. It 
is important to keep in mind that odonates have complex 
life cycles and that populations should not be determined 
based on adults, but rather on successful emergence of lar-
vae (Raebel et al. 2010; Samways et al. 2010). It is similar 
to birds; although individuals can fly substantial distances, 
the breeding areas are restricted to specific sites. A large 
wetland like Lake Tonga (2700 ha) should not be perceived 
as a single homogenous habitat where the aquatic stage 
(larvae) of the species can be randomly distributed (Schin-
dler and Scheuerell 2002). For instance, a river, despite is 
a single waterbody, it could harbor different populations 
(Khelifa and Mellal 2016), even though these latter could 
be linked by dispersal and form a meta-population (Hanski 
and Gilpin 1997). In our particular case, we started with 
a situation where we knew that the lake did not harbor U. 
edwardsii. Then, after translocating the species we detected 
a new population a year later at the other extreme of the lake 
which is 7 km away. If we consider two ponds like Lake Noir 
and Graeate (2 km away) as two populations, Northern and 
southern Lake Tonga (7 km away) should also be considered 
as separate populations (linked by dispersal).

Title

While the sixth mass extinction is under way, the com-
ment of Samraoui (2017) expresses in the title his belief 
in “Santa Rosalia’s blessing” which might have been the 
cause of the rapid range expansion of U. edwardsii. Bless-
ing has not occurred for the thousands of species that have 
been recorded extinct or endangered (Strayer and Dudgeon 
2010). As conservation biologists, our role is to investigate 
and understand the different ecological requirements of spe-
cies and the mechanisms underlying population dynamics, 
colonization and extinction processes in order to establish 
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good management plans that, for some critical instances like 
in U. edwardsii in Northeast Algeria, might involve resto-
ration and translocation. Blessing may come after action. 
Researchers responsible for the protection of U. edwardsii 
has been witnessing U. edwardsii demise and agony during 
the last two decades, but, to our knowledge, no attempt to 
restore and expand the range of the species has been made, 
regardless of the IUCN call for an urgent action. Such action 
was conducted in a timely manner by Khelifa et al. (2016a), 
resulting in an unprecedented increase of population size in 
the region. Monitoring the area in the next years is crucial to 
understand the true value of the translocation action.

Should translocation efforts be stopped?

Samraoui (2017) ‘urge for translocation initiative to be dis-
continued’ because it may imperil the population of Lake 
Bleu. First of all, we have never recommended that Lake 
Bleu should be harvested continually. Second, stopping 
translocation efforts without having any data on genetic 
diversity and population differentiation is just an inadequate 
conservation measure. Since all populations probably come 
from Lake Bleu, the main issue is inbreeding, and thus the 
new established populations have low genetic diversity and 
are subject to founder effect which makes them vulnerable 
to extinction.

The conservation of the species should be addressed 
from a metapopulation perspective (Suhonen et al. 2010) 
and should involve genetic analyses at the continental 
scale (Ferreira et al. 2016) to determine whether there is 
a level of genetic differentiation that indicates differently 
locally-adapted populations within Northeast Algeria (very 
unlikely), recent migration from the main home range (less 
likely), or the occurrence of one population that colonized 
all other populations (most likely). It is most probable that 
Lake Bleu population is the origin of all newly established 
populations, and thus stopping assisted dispersal without 
any knowledge on the dispersal rates at such an early stage is 
very risky and could imperil the entire conservation scheme. 
Hannon and Hafernik (2007) have reintroduced the dam-
selfly Ischnura gemina in a Californian extinct population, 
but it survived for only 1 year. Hence, it is very crucial to 
take into account that freshly established populations are 
known to be very vulnerable to extinction and thus regular 
monitoring of all populations in Northeast Algeria remains 
a priority.

Currently, we know that the number of populations has 
increased, and that the population of Graeate has shown a 
very promising population (a total of 170 exuviae collected 
within 8 m2 in 2016; Khelifa et al. unpublished data). Thus 
different populations can potentially be used as source for 

further restoration plans and the choice of the source popu-
lations and the number of individuals to be taken should 
be carried out in the light of data on dispersal capacity and 
source population size for the better understanding of coloni-
zation processes and the effective management of the species 
in the region.

Conclusion

We read with interest the comment of Samraoui (2017), but 
as we showed above, the conclusions are strongly biased and 
inconsistent due to the accumulation of contradictions, mis-
quotations, misunderstandings, dismissal of key research, 
and lack of objectivity. Samraoui (2017) provided a very 
few data points that have poor predictive power, do not go 
against our conclusions, and tend to confirm the success of 
our experiment. Unfortunately, the misguided recommenda-
tions of Samraoui (2017) are unlikely to bring us closer to an 
effective long-term conservation of the species in the region 
and thus should be disregarded. Further studies should focus 
on the direct and indirect implications of final instar larvae 
translocation in successful colonization of odonates.
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