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Abstract. Large-scale forest fires have shaped the Mediterranean landscape for millennia, 
causing a recurrent disturbance that constitutes a serious environmental issue. Following 
a devastating forest fire, changes in the Odonata larvae assemblage of a headwater stream 
were analysed during six consecutive years. Five dragonflies survived the fire as larvae: 
Boyeria irene, Gomphus pulchellus, Onychogomphus forcipatus, O. uncatus, and Cordule-
gaster boltonii. Mediterranean semivoltine odonates, in contrast to species with short life 
cycles, exhibited resilience to forest fires, suggesting that species with long life cycles were 
adapted to fire disturbances that periodically sweep through their habitats. 
Key words. Dragonflies, larvae, Mediterranean streams, semivoltine species, wildfires.

Introduction

The Mediterranean basin is one of the world’s biologically richest regions with 
remarkable levels of plant diversity and endemism (Médail & Quezel, 1999; Mit-
termeier et al., 1998). However, the region is facing a large array of anthropo-
genic pressures with habitat loss, pollution, climate change, and poor governance 
threatening the singular but vulnerable ecology of this biodiversity hotspot (Taylor 
et al., 2021). 

One issue of conservation concern for the Mediterranean region is the frequen-
cy of forest fires and their impact on biodiversity (Pausas, 2004). Wildfires destroy 
forests and shrublands but also decrease soil fertility, cause flooding, erosion, and 
silting of dams and reservoirs (Bento-Gonçalves et al., 2012; Certini, 2005). While 
fire is an important natural process determining the evolution, structure, and func-
tion of the Mediterranean biome and a tool in ecosystem management and resto-
ration ecology (Bond & Keeley, 2005; Keeley et al., 2012; Pausas et al., 2008), the 
added pressure of human-caused recurrent fires in the context of climate change 
and population growth have made it of global conservation significance (Calda-
raro, 2002; Syphard et al., 2009). 

Disturbances as droughts, fires, and floods play a major role in determining 
the structure of benthic communities (Resh et al., 1988). Acting as pulse distur-
bances of the terrestrial environment of streams and rivers, forest fires may have 
short- and long-term influences on stream temperature, sediment, and nutrient 
levels (Gresswell, 1999). Thus, understanding the long-lasting impact of wildfires 
on Mediterranean stream communities may inform freshwater conservation ef-
forts. 

Odonates are a key component of stream communities with complex habitat 
requirements (May, 2019; Remsburg et al., 2008). They are predators in both larval 
and adult stages, a rare occurrence in other insect orders that lend them to oc-
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cupy a critical place in both terrestrial and aquatic food 
webs (Corbet, 1999; Remsburg, 2011). The diversity of 
their life cycle has made them a key indicator group of 
the quality of the environment and the management of 
aquatic and terrestrial ecosystems (Bried & Samways, 
2015; Clark & Samways, 1996; Samways et al., 2010). 
Knowledge of the ecological requirements of Odonata 
has been turned into a useful tool for the evaluation 
of the overall conservation status of aquatic environ-
ments and the bio-monitoring of wetlands (Miguel et 
al., 2017; Steward & Downing, 2008; Tennessen, 2019). 
Because of all their attributes, dragonflies and damsel-
flies are viewed by many conservationists as “guardians 
of the watershed” (Clausnitzer & Jödicke, 2004).

Fourteen percent of the Odonata occurring in the 
Mediterranean basin are endemic (Riservato et al., 
2009). While species richness is not always negatively 
correlated with pollution (Bouchelouche et al., 2015; 
Korbaa et al., 2018), many Mediterranean endemic 
odo nates are threatened by water pollution and habi-
tat degradation (Samraoui et al., 2010). The odonate di-
versity of Mediterranean watercourses is also positively 
associated with the density of the riverine vegetation 
and it is generally accepted that the most immediate 
danger to Odonata is the threat of destruction and im-
pairment of their larval habitats (Riservato et al., 2009; 
Wildermuth, 1994). Although the impact of bushfires 
on vertebrates is well-documented, the corresponding 
effects on insect taxa are rarely examined (Goodman et 
al., 2022). The aim of the present study is show how the 
ever-increasing forest fires in some parts of the world, 
particularly regions with Mediterranean type climate, 
affect dragonflies and damselflies, a neglected topic so 
far.

Materials and methods 
Study area

The Cañaveroso Stream is located in Monte Madroña-
lejo just at the upper part of the Guadiamar River basin, 
Seville province, SW Spain (Fig. 1). This basin occupies a 
surface of 1,880 km² and extends in North-South direc-
tion (Ferreras-Romero et al., 2009). The Guadiamar Riv-
er originates in the western Sierra Morena Mountains 
at an altitude that varies from 400 to 450 m a.s.l. After 
119 km, it joins the Guadalquivir River near its mouth 
(Borja et al., 2001). The freshwaters of the Cañaveroso 
Stream flow to the reservoir of the Agrio Stream, the 
main tributary of the Guadiamar River (Fig. 1).

Since 2015, Monte Madroñalejo (a natural area of 
undulating mountains with more than 7,400 ha) has be-
come part of the Special Area of Conservation ‘Corredor 
Ecológico del Río Guadiamar (ES6180005)’ of the Euro-
pean Ecological Net Natura 2000 (Consejería de Medio 
Ambiente y Ordenación del Territorio, 2015; Council of 
the European Communities, 1992). The Guadiamar Riv-
er connects the marshes of the Doñana National Park 
with the Dehesas de Sierra Morena Biosphere Reserve 
(Junta de Andalucía, 2010).

The study area houses a small heliport for firefighting 
(Aeródromo de Madroñalejo, CEDEFO). This infrastruc-
ture contributes to the maintenance and restoration of 
the conservation status of the natural values for which 
the Natura 2000 Network space (ZEC) was designated 
(Ministerio de Agricultura, Alimentación y Medio Am-
biente, 2014).

The climate is typically Mediterranean, divided into 
a rainy season from October to May and a dry season 
from June to September. Annual precipitation recorded 

Figure 1. Sampling point at the Cañaveroso Stream basin and location of the Agrio reservoir, in Aznalcóllar (Seville), south-
western Spain. 
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at Seville Airport from 1995 to 2010 was highly variable. 
It ranged from 254.5 mm (2005) to 908.6 mm (2010). 
The second lowest recorded annual precipitation coin-
cided with the 2004 fire: 364.2 mm. The following two 
hydrological years after the fire, 2004/05 and 2005/06, 
were relatively dry years. There was no rapid recovery 
of the watercourses, but they were preserved from the 
accumulation of abundant amounts of ash could have 
submerged them. The average annual temperature re-
corded at the Seville Airport was very constant, rang-
ing between 19.0ºC (1995) and 20.4ºC (2009) (AEMET 
5783-Sevilla Aeropuerto).

The study area was originally covered by native per-
ennial vegetation as found in a typical Mediterranean 
forest in which Quercus ilex and Q. suber were the dom-
inant species. In recent decades, this native vegetation 
was, for the most part, replaced by re-stocked forest 
species (Pinus pinaster, P. pinea, Eucalytus spp.). On the 
banks of the watercourses there are still natural ripari-
an forest formed by Alnus glutinosa, Fraxinus angusti-
folia, Salix spp., and Populus alba. The bed of these wa-
tercourses is composed mainly of schists in the riffles 
and sand in pools. Among the main causes of landscape 
changes are forest fires, deforestation for ranching and 
fragmentation of riparian forest.

The freshwater biodiversity of the study area is note-
worthy with breeding populations of three Odonata 
species (Macromia splendens Pictet, 1843, Oxygastra 
curtisii (Dale, 1834), and Gomphus graslinii Rambur, 
1842), considered threatened on the Mediterranean 
IUCN Red List (Riservato et al., 2009), found in the 
Cañaveroso Stream (Márquez-Rodríguez & Ferreras-
Romero, 2008; Ferreras-Romero et al., 2009). These 
species are currently protected by Spanish legislation 
(Weihrauch & Weihrauch, 2006; Ministerio de Medio 
Ambiente, y Medio Rural y Marino, 2011). 

The study area witnessed recently two large-scale 
fires, in spring 1995 and summer 2004. The latest af-
fected 36.259 ha (27.822 ha were forest) and the en-
tire length of the watercourse studied (iMA, 1996; iMA, 
2005). Due to the burned wood management tasks, 
sampling of the watercourses studied here was not al-

lowed in the months immediately after the fire but the 
forestry authorities allowed seasonal sampling to ob-
tain reliable data on the dynamics of the aquatic macro-
invertebrate community six months after the fire.

Sampling

From the first winter after the fire to the late au-
tumn 2010, seasonal samplings were carried out in 
winter, spring, and autumn at a shallow riffle stretch 
(37.564483 N, 6.364695 W), with a canopy of Alnus 
glutinosa, in the Cañaveroso Stream (Fig. 2). Over a six-
year period, from 18 March 2005 to 15 December 2010, 
a total of 18 samples were collected. Moreover, in the 
summer 2008 an additional sample was taken. In the 
summer 2009, this stretch of stream was also visited 
but lacked surface water. 

Environmental variables

Physical characteristics of water were measured in situ. 
Since winter 2005, at each sampling water temperature 
and dissolved oxygen (DO) were measured with a Cri-
son Oxi 330 whereas conductivity, total dissolved solids 
(TDS), and pH were recorded with a Crison MM 40 since 
autumn 2006.

Water temperature records ranged from 5.5 to 
20.9°C in autumn 2008 and spring 2010, respectively 
(Table 1). Dissolved oxygen concentration ranged from 
6.5 mg/l (saturation 49.1%) to 12.7 mg/l (115.5%) in 
autumns 2008 and 2009, respectively. Conductivity 
records were very low. Values ranged from 56.0 µS/
cm in winter 2010 to 94.6 µS/cm in spring 2008. Total 
dissolved solids (TDS) ranged from 35.8 to 60.2 mg/l 
in winter 2010 and spring 2008, respectively. The pH 
values oscillated from 7.05 to 7.93 in spring 2010 and 
winter 2009, respectively.

Odonata larvae sampling 

Collection of Odonata exuviae and larvae is probably 
the best method to define the breeding assemblage of 

Table 1. Physical parameters measured in the Cañaveroso stream: Tª (°C), water temperature; pH; DO, dissolved oxygen 
(mg/l); % O2, oxygen saturation; Cond., conductivity (µS/cm); TDS (mg/l), total dissolved solids. In summer 2009 this stretch 
of stream lacked surface water.
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Tª 13.1 17.4 9.5 8.2 19.3 13.9 13.0 18.6 9.1 14.2 17.3 20.4 5.5 12.4 18.8 – 10.8 14.2 20.9 10.6
pH – – – – – – 7.58 7.70 7.49 7.70 7.53 7.28 7.70 7.93 7.38 – 7.72 7.24 7.05 7.56
Cond. – – – – – – 77.7 67.3 66.7 76.4 94.6 87.7 67.6 61.1 72.4 – 81.5 56.0 70.1 63.1
DO 8.98 6.88 10.28 9.02 7.11 9.97 11.09 8.73 9.32 6.80 7.22 8.04 6.55 10.05 7.35 – 12.74 10.04 7.67 11.90
% O2 86.6 73.1 89.6 76.5 78.3 97.1 105.9 93.0 81.2 65.9 72.5 94.6 49.1 94.9 80.5 – 115.5 98.2 86.1 109.9
TDS – – – – – – 49.4 43.1 42.7 48.8 60.2 56.1 43.3 39.1 46.3 – 52.2 35.8 44.9 40.8
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a given site in regions where the species can be relia-
bly identified (Golfieri et al., 2016). At each sampling, 
Odonata larvae were collected with a kick net with 
an opening of 25 × 25 cm and 250 μm mesh, taken in 
100 m transect across the watercourse. Samples were 
taken from all microhabitats, including submerged and 
emerged vegetation. Hand-net sampling, limited to 
0.75 m in depth, was used, as it is well adapted to old 
riverbeds with dense aquatic vegetation. Sampled odo-
nates were transferred to ethanol (70%) and later iden-
tified in the laboratory to species level using a Nikon 
SMZ800 binocular microscope, according to Aguesse 
(1968), Askew (2004), Carchini (1983), Heideman & 
Seidenbusch (2002). Dominance index of McNaughton 
& Wolf (1970) and Shannon-Wiener index of Diversity 
(H’ = -∑pi·ln pi) were used to show changes in Odonata 
assemblages over time.

Biometric methods 

In the laboratory, those Odonata larvae collected during 
the first sampling year postfire (2005) were measured. 
Head width (HW) and metathoracic wing sheath length 
(WSL) of each larva were measured to the nearest 
0.05 mm using a Nikon SMZ800 binocular microscope 
with an eyepiece micrometer. The number of abdomi-
nal segments covered by the wing pads, if present, was 
also recorded. The criteria for instar assignment were 
head width (HW), metathoracic wing sheath length 
(WSL), and the ratio WSL/HW (Ferreras-Romero, 1997; 
Ferreras-Romero et al., 1999; Tennessen, 2017). On the 
basis of these data, each larva was assigned to one of 
the last three stadia (F-0, F-1, F-2) or designated “small-
er” (F-S). According to the instar assigned, the age of 
each larva was estimated.

Figure 2. Stream Cañavero-
so: (a) General view of the 
canyoned stream; (b) as-
pect of the stream with the 
presence of a canopy in win-
ter 2007; (c) firewall built 
in spring of the year 2009, 
close to the Cañaveroso 
Stream. It is 12 m wide and 
no vegetation is appreciable 
because it is eliminated with 
mechanical works.
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Results
Species composition

A total of 405 larvae belonging to nine species were col-
lected (Table 2). Other four species were only observed 
as adults: Ischnura graellsii (Rambur, 1842), Orthe
trum brunneum (Fonscolombe, 1837), Crocothemis 
eryth raea (Brullé, 1832), and Sympetrum fonscolombii 
(Selys, 1840). Two specimens in teneral stage belonging 
to two last species were recorded in August 2008 and 
June 2010, respectively.

Two anisopterans, Boyeria irene (Fonscolombe, 
1838) and Onychogomphus uncatus (Charpentier, 
1840), were the most abundant species, amounting to 
30.4% and 50.6% of the total odonates, respectively. 
Annual Dominance index was always high, ranging be-
tween 91.3 (2005) and 67.1 (2007) (Table 3). The high-
est values of the Diversity index (> 1.2) were reached in 
2007 (1.41) and 2008 (1.29) (Table 3).

Indication of larval survival during the fire

In the first sampling year, only larvae belonging to five 
species were found: B. irene, Gomphus pulchellus Selys, 

1840, Onychogomphus forcipatus (Linnaeus, 1758), 
O. uncatus, and Cordulegaster boltonii (Donovan, 
1807). Samples in 2005 included final instar larvae of 
these five species.

The summer of oviposition is considered the starting 
point of the life cycle. In this way, final instar larvae (F-
0) of C. boltonii collected in 2005 were estimated 30–33 
months old (winter sample) and 33–36 months old (spring 
sample) (Fig. 3). Ages of final and penultimate instar lar-
vae collected of the rest four species were estimated 
18–21 months old (winter sample) or 21–24 months old 
(spring sample). Only B. irene has egg diapause along the 
summer-autumn-winter period (nine months). Clearly, 
the larvae of these five species collected in March (winter 
sample) and May 2005 (spring sample) had survived, in 

Table 2. Odonate larvae collected in the Cañaveroso Stream, southwestern Spain. Semi-/partivoltine species in bold. The two 
years after the fire shaded in grey.
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Calopteryx haemorrhoidalis 1 1 2 2 1 1
Chalcolestes viridis 1
Platycnemis latipes 3
Boyeria irene 14 6 2 4 28 2 4 6 5 12 3 13 3 8 7 2 1 3
Gomphus pulchellus 2 1 1 1
Onychogomphus forciptaus 4 4 3 1 12 6 3 5 1 1 1 3 4 1 6
Onychogomphus uncatus 75 37 3 2 2 2 7 10 9 10 6 5 25 1 9 8 1
Cordulegaster boltonii 2 1
Orthetrum chrysostigma 1 1

Table 3. Annual values of Dominance index (McNaughton & 
Wolf, 1970) and Shannon index of Diversity (H’).

2005 2006 2007 2008 2009 2010

Dominance index 91.3 86.9 67.1 76.7 83.7 80.6
H’ 0.78 0.87 1.41 1.29 1.05 0.97

Figure 3. Dragonfly species (larvae) collected in the Cañaveroso Stream after the 2004 fire. The last three instars (F-0, F-1, F-2) 
are indicated. The summer of oviposition estimated is considered the starting point of the life cycle. Broken red line represents 
the fire that occurred in the summer of 2004.
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the bed of the Cañaveroso Stream, the forest fire that oc-
curred at the end of July 2004, only eight and ten months, 
respectively, before taking these two samples.

Discussion

Thousands of hectares in the study area have burnt in 
two large forest fires that occurred in 1995 and 2004. 
The latter is considered one of the largest that has taken 
place in Andalusia in the 21st century, with more than 
36,000 ha burnt during one whole week (iMA 1996; 
Costa, 2005). Recurring fires with lesser magnitude 
are frequent in the studied area, such as those that oc-
curred in 2017, 2020, and 2022. However, the fire of 
2004 that swept across the study area was exception-
al due to its magnitude. Any surviving odonate larvae 
must have been able to withstand extreme conditions 
of high temperatures generated over several days. Ac-
cording to Dehedin et al. (2013), after the fire, autumn 
precipitations might have produced ash washing and in-
put of sediments to the streams with probable adverse 
impacts on the surviving aquatic fauna. It is unknown 
whether or not there was an input of ashes and sedi-
ments in the stream here studied. Fortunately, rainfall 
was relatively scarce in the autumn following the fire. 

The distribution and abundance of aquatic insects 
such as Odonata are very much dependent on their sen-
sitivity to habitat alteration or pollution (Scheffer et al., 
1984; Vinson & Hawkins, 1998). Likewise, consequence 
of the Mediterranean seasonality there is a greater flow 
of surface water during winter and spring, and a much 
lower flow in summer and early autumn. The mainte-
nance of surface water in permanent streams allows for 
a high capacity of self-purification if the water quality is 
altered (Bonada et al., 2000). Abiotic variables (water 
temperature, substrate, water flow, altitude, hydrope-
riod) and vegetation cover could explain habitat pref-
erence and species composition (Menezes et al., 2010) 
whereas biotic interactions (predation, competition) 
may also play an important role in shaping community 
structure (Vinson & Hawkins, 1998).

Moderate pollution as an anthropogenic stressor 
might increase Odonata species richness at intermedi-
ate levels (Connell, 1978; Wilkinson, 1999). A similar 
effect can occur in seasonal courses where water be-
comes scarce or in agricultural areas (Ferreras-Romero 
& Márquez-Rodríguez, 2014; Ferreras-Romero et al., 
2009). Often, degraded sites are colonized by oppor-
tunistic thermophilic species (Bouhala et al., 2019; 
Morghad et al, 2019). Therefore, Odonata might be 
useful group to analyse the recovery of a river after a 
severe alteration with effects that can be long-lasting as 
a severe wildfire in Mediterranean region. 

Odonata occurrence

Throughout the present study, the Cañaveroso Stream 
hosted abundant B. irene and O. uncatus populations. 

Other three species with long-life cycles were also col-
lected within the first two postfire years: G. pulchellus, 
O. forcipatus, and C. boltonii (Table 2). Likewise, during 
the years 2007 and 2008 took place the natural recov-
ery of the alder forest, and this coincided with reach-
ing maximum richness of the odonate assemblage. Our 
results reinforce the idea of a recovery of the optimal 
natural conditions from 2007.

Life histories and fire resilience

It is known that responses of insects to floods or 
droughts are directly related to their life cycles, disper-
sal abilities, and the availability of refugia (Bixby et al., 
2015; Roualt et al., 2006; Samraoui et al., 1998). Short-
lived and fast-colonizing aquatic insects often domi-
nate after fires, floods, or droughts (Bogan et al., 2015; 
Malison & Baxter, 2010; Minshall, 2003; Miyake et al., 
2003).

However, the five odonates collected in Cañaveroso 
Stream within the first two postfire years have semi-
voltine or partivoltine life cycle (Ferreras-Romero, 
1997; Ferreras-Romero & Corbet, 1999; Ferreras-
Romero & García-Rojas, 1995; Ferreras-Romero et al., 
1999). The biometry of the collected larvae indicated 
that many of them were aged over one year, originat-
ing from ovipositions that happened previous to the 
fire. Our results suggest that Mediterranean semi-
voltine odonates may be very resilient to forest fires, 
indicating that species with long life cycles may be 
adapted to this type of disturbance that periodically 
occurs in the Mediterranean forests. Other species, 
whose egg or larval stages probably are more vulner-
able to wildfires, must rely on recolonization and dis-
persal to reoccupy a site. 

Firewalls and environmental disturbances 

Fire prevention generates considerable expenses in 
Spain. Only in Andalusia, 222 million of euros were 
spent in 2005 (iMA, 2005). In the study area, one of the 
most important forest management actions was the 
construction of large firewalls (12 m wide) (iMA, 2010). 
One of them that directly affected the stretch of Ca-
ñaveroso Stream studied here was built in winter 2009. 
It runs along the slopes that drain water to the third-
order course here studied through the Cuaco Stream 
(Fig. 2). The directionality of these structures is per-
pendicular to the layout of the stream courses them-
selves. The rains that fell after construction of this fire-
wall mobilized large amounts of schists and sands that 
ended up in the bed of the course studied. The year 
2010 was especially rainy (more than 900 mm at Seville 
Airport), surpassing the annual records of the previous 
fifteen years. The accumulation of sediments was of 
such magnitude that the water column of a pool nearby 
to stretch sampled barely reached 70 cm of maximum 
depth in late spring 2010 (June), while it was close to 
200 cm in the spring 2007 (May). 
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On the other hand, the forest management (silvicul-
ture) that was carried out in these streams, consisting 
of the cleaning of riparian vegetation, might have in-
creased the adverse impact of the forest fire itself. The 
summer of 2009 was dry. To remove the build-up of 
dry scrub, the forest management agency carried out a 
cleaning of the riparian forest during the summer and 
early autumn (iMA, 2010). They also proceeded to cut 
and remove green branches in the alder riparian forest.

Ash acidification and sediment accumulation in 
streams may affect the survival of aquatic insects 
(Westveer et al., 2017). Furthermore, forest fires may 
also cause a significant disappearance or decrease in 
the volume of litter that reaches riverbeds in the first 
two years after the fire disturbance (Rodríguez-Lozano 
et al., 2015). Because of these recurrent disturbances, 
studies carried out in low-order courses have shown 
that most species occur in low numbers and very few 
species are favoured for a long enough period to estab-
lish dominance to the extent that their congeners are 
excluded (Anderson, 1992).

The interstitial zones of aquatic environments as well 
as the hyporheic layer (Mugnai et al., 2015) are known 
to act as a refuge for many benthic macroinvertebrates 
(Sánchez-Ortega & Alba-Tercedor, 1990; Stanford & 
Gaufin, 1974; Stanford & Ward, 1988; Williams, 1984), 
especially during floods and dry periods (Jacobi & Cary, 
1996; Kazanci et al., 2009), and confirmation is build-
ing up in the case of Odonata larvae (Reygrobellet & 
Castella, 1987; Suhling & Müller 1996; Wildermuth 
2005). The clogging of ponds can significantly alter the 
development of the larval stage of species with long life 
cycle (Dehedin et al., 2013; Descloux et al., 2013). This 
clogging might also be consequence of firewall inappro-
priate designs. Nevertheless, more data are required to 
strengthen this hypothesis. Clearly, some Anisopteran 
species appear to be well adapted (by larval survival) 
to recurring forest fires. However, they probably need 
deep ponds in the beds or others shelters to overcome 
those extremely dry summers, quite frequent in the 
Mediterranean area, such as the one that occurred in 
2009. In the autumn sample of that year, no odonate 
larvae were found in the stretch of rapids studied.
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