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Abstract: 	 This study examines ladybird (Coleoptera: Coccinellidae) communities across four contrasting habitats 
in North-Central Algeria (natural habitat, fruit-crop, cereal-crop, urban park), analysing how habitat, prey 
and seasonality shape their structure. From January to October 2025, 85 sampling events recorded 3,580 
adults (23 species). Diversity was quantified using Hill numbers and iNEXT curves; community drivers 
and composition were analysed via GLMs and PERMANOVA. The assemblage was dominated by Hip-
podamia variegata (33.8%), Chilocorus bipustulatus (17.9%), Novius cardinalis (11.6%), and Oenopia 
doublieri (10.9%). The natural habitat showed the highest richness (20 species), agrosystems the great-
est abundances (up to 86.8 ± 76.2 individuals/survey), and the urban park was species-poor (4 species, 
representing 2.2% of all collected individuals). Activity peaked in May-June (46.7%) and was concen-
trated from March to August (88%). For 10 strictly aphidophagous species (54.7% of individuals), aphid 
presence significantly increased abundance (IRR = 1.86; 95% CI: 1.17-2.97; p = 0.009), whereas abiotic 
variables had no effect. PERMANOVA revealed a significant effect of habitat type on community com-
position (pseudo-F₃,₈₁ = 2.889; p < 0.001; R² = 0.243), with the urban community differing markedly in 
composition from the other three habitats. These results demonstrate how habitat type, prey availability 
and seasonality govern ladybird community dynamics in North-Central Algeria.

Key words: Aphidophagous species; Habitat type; Mediterranean region; Seasonal phenology; Species assemblages; 
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Introduction
Beneficial insects, particularly predatory ladybirds 
(Coleoptera: Coccinellidae), are crucial for regulat-
ing herbivore populations and maintaining ecologi-
cal balance in agricultural and natural ecosystems. 
Ladybirds are effective biological control agents 
against numerous pests, especially aphids, scale in-
sects and other phytophagous insects (Ali-Arous et 
al. 2023; Ferreira et al. 2023). Their predatory ef-
ficiency can vary depending on interspecific inter-
actions and habitat context, which influence feed-
ing behaviour and overall fitness (Ferreira et al. 
2023). Many species also feed opportunistically on 
other prey, pollen or nectar, allowing populations to 
persist when primary prey are scarce. This trophic 
flexibility highlights the importance of considering 
broader ecological interactions to understand their 
functional contribution to ecosystems (Gómez-Mar-
co et al. 2015; Soares et al. 2023).

At both global and Mediterranean scales – the 
Mediterranean Basin being recognised as one of the 
world’s biodiversity hotspots, owing to its excep-
tional species richness and endemism (Myers et al. 
2000) – ladybirds play a key role in pest regulation. 
Their presence reduces reliance on synthetic pesti-
cides and supports sustainable agriculture (Rusch et 
al. 2016; Soares et al. 2023). The region is character-
ised by pronounced climatic seasonality, recurrent 
drought, interannual variability and long histories of 
human land use. Environmental heterogeneity and 
anthropogenic pressures, including agricultural in-
tensification, urban expansion and habitat fragmen-
tation, shape ecosystems that are both biologically 
rich, and ecologically vulnerable. Predator commu-
nities respond not only to prey abundance but also to 
habitat heterogeneity, such as vegetation structure, 
floristic diversity, and spatial configuration, which 
together determine microhabitats, refuges and for-
aging opportunities.

The presence and diversity of ladybirds vary 
markedly among habitats. Factors influencing com-
munity composition include floristic diversity, veg-
etation structure, abiotic conditions and biotic inter-
actions (Gardiner et al. 2021; Decker et al. 2026). 
Plant-rich and structurally complex habitats gener-
ally support higher species richness, whereas sim-
plified or disturbed habitats favour a few dominant 
generalist species (Gardiner et al. 2021; Gómez-
Marco et al. 2015). Urbanisation often reduces di-
versity and abundance due to habitat fragmentation 
and limited vegetation (Rocha et al. 2018; Magura 
et al. 2020). Conversely, agricultural habitats with 
high pest densities may attract large numbers of la-

dybirds, but usually only a few opportunistic spe-
cies benefit (Grez et al. 2019; Ali-Arous et al. 2023). 
These patterns emphasise the need to integrate habi-
tat complexity, prey availability and seasonal dy-
namics to understand predator-mediated pest con-
trol.

In Algeria, ladybirds are well represented in 
the humid to semi-arid Mediterranean zones of the 
north. A national survey reported 48 species, includ-
ing 41 in northern Algeria (Saharaoui & Gourreau 
1998; Lakhal et al. 2018). Despite this, their distri-
bution among forests, agrosystems and urban areas 
remains poorly documented (Saharaoui et al. 2014). 
Moreover, little is known about how seasonal fluc-
tuations and habitat-specific prey availability influ-
ence community composition and functional roles. 
No study has simultaneously compared ladybird 
communities in a natural habitat, fruit-crop and ce-
real-crop agrosystems, and an urban habitat in this 
region, while also assessing functional roles such as 
pest predation (Taranto et al. 2022; Ali-Arous et al. 
2023).

In this context, we tested the following: (1) the 
effect of habitat type on species richness and com-
munity composition; (2) the influence of seasonality 
and selected abiotic variables on abundance and di-
versity; and (3) the relationship between prey pres-
ence (aphids and other observed prey) and ladybird 
abundance to evaluate functional roles. By integrat-
ing habitat and trophic context, this study reveals 
how ladybird communities are structured and func-
tion across contrasting Mediterranean ecosystems, 
providing guidance for sustainable management of 
agricultural and urban landscapes.

Based on the contrasting habitat types studied 
– natural forests, agrosystems (fruit-crop and cereal-
crop fields) and urban green spaces – we hypothesise 
that ladybird communities will vary in both compo-
sition and abundance along this gradient of anthro-
pogenic influence. We expect that (i) natural forests 
will harbour the highest species richness, including 
rare and specialised taxa, due to their structural com-
plexity and diverse host plants; (ii) agrosystems will 
support high densities of generalist predators, with 
community composition dominated by a few oppor-
tunistic species responding to prey availability; and 
(iii) urban habitats will display simplified and ho-
mogenised assemblages, characterised by low rich-
ness and dominance of eurytopic species adapted 
to human-modified environments. Additionally, we 
predict that seasonal fluctuations and aphid pres-
ence will strongly influence local abundance, while 
short-term variations in abiotic conditions will play 
a secondary role.
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Materials and Methods
Study sites
The regional climate is Mediterranean subhumid, 
characterised by mild, wet winters, with precipitation 
concentrated between October and March, and hot, 
dry summers. During the study period (January–Oc-
tober 2025), mean daily temperatures ranged from ap-
proximately 12 °C in winter to 28 °C in summer, with 
occasional heat peaks, and precipitation was nearly 
absent during summer. These climatic conditions, 
combined with differences in vegetation cover and 
site management, provide an appropriate framework 
for comparing ladybird communities along a gradient 
from a relatively undisturbed forest habitat to a highly 
artificialized urban environment, with agrosystems of 
intermediate complexity in between (Fig. 1).

The study was conducted at four sites repre-
senting distinct habitat types in the Algiers region 
(North-Central Algeria). Site 1 – Baïnem forest 
(36°48’34”N 3°00’56”E) is a natural habitat com-
posed of Mediterranean maquis and secondary pine 
forest, located approximately 12 km west of Algiers 
(altitude 80-400 m; ≈ 500 ha). The forest is a rem-
nant of Mediterranean coastal vegetation, dominated 
by dense shrubs (holm oak, mastic tree, Aleppo pine) 
with herbaceous clearings, and benefits from partial 
protection despite past wildfires and the introduction 
of exotic species (Eucalyptus) during reforestation 

efforts (Brakchi et al. 2025). Site 2 – Zeralda orchard 
(36°41’45”N 2°48’15”E) is a fruit-crop agrosystem 
(mixed orchard) in the western peri-urban area of 
Algiers, featuring mainly citrus (lemon, orange) and 
pomegranate trees managed as a traditional orchard 
with a partially maintained herbaceous layer. Site 3 
– ITGC experimental plot (El Harrach) (36°42’27”N 
3°11’24”E) is a cereal-crop agrosystem (Triticum 
durum) under an open-field system (~1 ha) in the 
Mitidja plain. Vegetation is dominated by wheat 
monoculture with some weeds along field margins; 
the site is managed with conventional agricultural 
practices, including tillage, annual sowing, lim-
ited irrigation, and occasional phytosanitary treat-
ments. Site 4 – Paradou Park (Algiers) (36°44’27”N 
3°01’41”E) is an urban green space (≈ 30 ha) com-
bining landscaped and wooded areas (cypress and 
ash trees, oleander shrubs, lawns) within the city, 
subject to regular maintenance (irrigation, pruning, 
cleaning) and high human visitation.

Sampling strategy and data collection
Standardised sampling campaigns were conducted 
from January to October 2025 across the four habi-
tat types described above. The study sites repre-
sented naturally occurring habitat patches of vari-
able extent, ranging from approximately 1 ha in the 
cereal-crop agrosystem to about 500 ha in the forest. 
Therefore, the sampling design relied on standard-

Fig. 1. Location of the study area and sampling sites
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ised survey units rather than proportional surface 
coverage (Legendre & Legendre 2012; Southwood 
& Henderson 2000; Scheiner & Gurevitch 2001), 
with each survey corresponding to a site × date com-
bination as the basic unit of analysis.

A total of 85 surveys were performed (34 at 
site 1, 12 at site 2, 27 at site 3, and 12 at site 4), 
with each site visited at least once per month and 
twice during some spring months. Survey frequency 
varied according to habitat-specific constraints and 
phenology (e.g., more frequent visits in cereal crops 
during the wheat colonisation period). All surveys 
used the same standardised effort in terms of meth-
ods, duration and intensity, ensuring comparability 
among habitats, as recommended in recent insect 
biodiversity monitoring studies (Li et al. 2023; Gav-
loski et al. 2025). The number of survey rounds dif-
fered among sites because larger or more heteroge-
neous sites (e.g., the ~500 ha forest) required more 
visits to achieve comparable spatial coverage than 
smaller, more homogeneous sites (e.g., the ~1 ha ce-
real plot), and because visit frequency was further 
adjusted to site-specific phenology (e.g., intensified 
sampling in the cereal crop during the wheat-coloni-
sation window). Rarefaction/extrapolation (iNEXT) 
was used to control for this imbalance in the diversi-
ty comparisons, and this caveat is taken into account 
when interpreting the GLM results (see Results).

Each habitat type was represented by a single 
site. While this design reflects the availability of 
sites along the studied gradient and is common in 
landscape-scale entomological surveys, it implies 
that site-level idiosyncrasies cannot be fully distin-
guished from habitat-type effects. Results should 
therefore be interpreted as indicative of habitat-type 
trends, and generalisation across the full range of 
each habitat type requires corroboration from addi-
tional sites.

Sampling was spatially stratified within each 
site to capture dominant vegetation types and avail-
able host plants. In large sites such as the forest, 
surveys were distributed across representative mi-
crohabitats (tree stands, shrub layers, clearings), 
whereas in smaller sites such as the cereal-crop 
agrosystem, surveys covered most accessible areas 
(Li et al. 2023).

During each survey, multiple complementary 
techniques were applied to sample ladybirds across 
all vegetation strata: herbaceous sweeping (25 dou-
ble sweeps per survey), branch beating (10 beating 
events per survey, i.e. 10 individual host plants beat-
en per survey at each site, targeting representative 
host plants), and directed visual inspection (20 min-
utes). The combination of these methods maximises 

detection probability and community representa-
tiveness in arthropod monitoring programs (Li et al. 
2023; Gavloski et al. 2025). Abiotic variables (air 
temperature, relative humidity, wind speed) were re-
corded at the beginning of each survey using a port-
able weather station.

Prey presence was recorded concurrently. 
Aphid colonies encountered on sampled plants were 
identified to species using morphological keys for 
wingless adults (Blackman & Eastop 2021), while 
other prey categories (scale insects, whiteflies, spi-
der mites) were noted at the functional group level 
without species-level identification. Aphid colonies 
were scored as presence/absence per survey rather 
than as density or abundance, since several co-oc-
curring aphid species and instars were frequently 
present on the same plant, precluding reliable quan-
titative counts within the standardised survey time; 
consequently, the aphid-presence effect reported be-
low should be interpreted as a conservative, binary 
indicator of prey availability rather than a measure 
of prey density.

Ladybirds were sampled on 15 host-plant spe-
cies across the four habitat types, comprising culti-
vated trees (e.g. Citrus limon, Punica granatum and 
Cupressus sempervirens, ornamental shrubs such as 
Nerium oleander, the cereal crop Triticum durum, 
and other spontaneous herbaceous and shrub species 
recorded at each site. The complete list of the 15 
host-plant species is given in Table 3 (Results).

Laboratory identification of specimens
All adult ladybirds collected during the study were 
identified in the laboratory using a stereomicroscope 
and established taxonomic keys (Gourreau 1974; 
Salehi et al. 2011; Duff 2012; Derolez et al. 2014; 
Roy & Brown 2018; Bieńkowski 2018; Gruau & 
Terrasse 2025). All specimens were preserved in a 
reference collection for documentation and future 
study. Subsequent analyses focused on differences 
in abundance, species richness and community com-
position at the survey scale, allowing robust com-
parisons among habitat types despite differences in 
site area.

Data analysis
Species abundance data were summarised by habi-
tat type. Cumulative species richness and diver-
sity were quantified using Hill numbers (q = 0, 1, 
2; Chao et al. 2014), where q = 0 corresponds to 
species richness, q = 1 to the exponential of Shan-
non entropy (effective number of common species), 
and q = 2 to the inverse of Simpson’s concentration 
(effective number of dominant species). Sampling 
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completeness was assessed with rarefaction and ex-
trapolation curves using iNEXT (Hsieh et al. 2016), 
with 95% bootstrap confidence intervals based on 
200 resamples.

The effects of habitat type, aphid presence (bi-
nary: present/absent), and abiotic variables (tem-per-
ature, relative humidity, wind speed) on aphidopha-
gous ladybird abundance (10 strictly aphidophagous 
species, n = 1,958 individuals) and on local species 
richness (all 23 species) per survey were analysed us-
ing generalised linear models (GLMs). Due to typi-
cal overdispersion in count data, a negative binomial 
GLM (GLM-NB) was used for aphidophagous lady-
bird abundance, confirmed by a likelihood-ratio test 
comparing Poisson and negative binomial fits (Vena-
bles & Ripley 2002). Species richness per sur-vey (all 
23 species) was analysed using a Poisson GLM. The 
fruit-crop agrosystem served as the reference catego-
ry for habitat comparisons. Model significance was 
evalu-ated at α = 0.05, and effect sizes were expressed 
as incidence rate ratios (IRR = exp(coefficient)). 

Because the aphid–ladybird relationship is 
relevant only for aphidophagous species, the abun-

dance model for the aphid effect was additionally 
fitted on the subset of strictly aphidophagous spe-
cies. The abundance model was restricted a priori 
to the 10 strictly aphidophagous species because the 
aphid-presence predictor is ecologically meaningful 
only for this trophic guild; fitting it on the full com-
munity which also includes coccidiphagous, myco-
phagous, aleurodiphagous and acariphagous species 
with no expected response to aphid presence would 
dilute and potentially bias the estimated habitat and 
aphid effects.

Differences in community composition among 
habitats were explored using a multivariate ap-
proach. Principal component analysis (PCA) was 
first applied to visualise assemblage patterns, fol-
lowed by a one-way PERMANOVA based on Bray-
Curtis dissimilarities (9,999 permutations; Anderson 
2001), with Bonferroni-corrected pairwise compari-
sons.

All analyses were conducted in R v. 4.4 (R 
Core Team 2025) using the packages vegan (Ok-
sanen et al. 2022), iNEXT (Hsieh et al. 2016) and 
MASS (Venables & Ripley 2002).

Table 1. Species composition and total abundance of ladybirds collected from January to October across all study sites.

Species Total Count Relative abundance (%)

Hippodamia variegata (Goeze, 1777) 1209 33.8
Chilocorus bipustulatus (Linnaeus, 1758) 641 17.9
Novius cardinalis (Mulsant, 1850) 414 11.6
Oenopia doublieri Mulsant, 1846 391 10.9
Psyllobora vigintiduopunctata (Linnaeus, 1758) 182 5.1
Scymnus subvillosus (Goeze, 1777) 132 3.7
Pharoscymnus setulosus (Chevrolat, 1861) 128 3.6
Coccinella septempunctata Linnaeus, 1758 117 3.3
Rhyzobius lophanthae (Blaisdell, 1892) 79 2.2
Rhyzobius litura (Fabricius, 1787) 64 1.8
Clitostethus arcuatus (Rossi, 1794) 46 1.3
Scymnus apetzi Mulsant, 1846 35 1.0
Harmonia axyridis (Pallas, 1773) 23 0.6
Adalia decempunctata (Linnaeus, 1758) 21 0.6
Oenopia conglobata (Linnaeus, 1758) 19 0.5
Exochomus quadripustulatus (Linnaeus, 1758) 17 0.5
Exochomus ericae Crotch, 1874 13 0.4
Parexochomus nigripennis (Erichson, 1843) 12 0.3
Stethorus pusillus (Herbst, 1797) 11 0.3
Tytthaspis phalerata (Costa, 1849) 10 0.3
Harmonia quadripunctata (Pontoppidan, 1763) 9 0.3
Rhyzobius chrysomeloides (Herbst, 1793) 5 0.1
Myrrha octodecimguttata (Linnaeus, 1758) 2 0.1
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Results
Species composition and overall abundance
Between January and October, a total of 3,580 la-
dybird individuals representing 23 species were re-
corded across the four habitat types. The community 
was strongly dominated by Hippodamia variegata 
(Goeze, 1777) (1,209 individuals, 33.8%), followed 
by Chilocorus bipustulatus (Linnaeus, 1758) (641, 
17.9%), Novius cardinalis (Mulsant, 1850) (414, 
11.6%), and Oenopia doublieri (Mulsant, 1846) 
(391, 10.9%) (Table 1). Among these dominant 
species, Hippodamia variegata (Goeze, 1777) and 
Novius cardinalis (Mulsant, 1850) occurred in all 
four habitats. In contrast, some rare species, such 
as Myrrha octodecimguttata (Linnaeus, 1758) and 
Rhyzobius chrysomeloides (Herbst, 1793), were ob-
served in only a single habitat (Fig. 2).

Spatial distribution according to habitat type
Abundance and species richness varied markedly 
among habitat types. Cereal-crop agrosystems ac-
counted for the largest proportion of individuals 
(1,483, 41.4% of individuals), followed by fruit-
crop agrosystems (1,042, 29.1%), natural habitats 
(978, 27.3%) and urban habitats (77, 2.2%).

Cumulative species richness was highest in 
natural habitats (20 species out of 23), intermediate 

in cereal-crop agrosystems (13 species) and fruit-
crop agrosystems (9 species), and lowest in urban 
habitats (4 species).

At the scale of individual sampling events (hab-
itat × host plant × date), mean ladybird abundance 
was highest in fruit-crop agrosystems (86.8 ± 76.2 
SD individuals per sample), followed by cereal-crop 
agrosystems (54.9 ± 42.4 SD), natural habitats (28.8 
± 32.9 SD) and urban habitats (6.4 ± 4.8 SD) (Ta-
ble 2). Mean species richness per sample showed the 
same trend, with fruit-crop agrosystems having the 
highest mean (2.6 ± 2.0 SD), followed by cereal-crop 
agrosystems (2.0 ± 1.1 SD), natural habitats (1.5 ± 
0.7 SD), and urban habitats (1.1 ± 0.3 SD) (Table 2).

Host plants
Ladybirds were observed on 15 host plant species. 
The majority of individuals were collected on cul-
tivated perennial crops. In fruit-crop agrosystems, 
Citrus limon (L.) accounted for the largest number 
of captures (1,012 individuals, 28.3%), followed by 
Punica granatum L. (727, 20.3%). In natural and ur-
ban habitats, Nerium oleander L. (440, 12.3%) and 
Cupressus sempervirens L. (377, 10.5%) were the 
main host plants.

In terms of cumulative species richness, P. 
granatum hosted the highest number of species (9 
species), followed by C. sempervirens (8), C. limon 

Fig. 2. Most abundant species collected during the field study by tribe. (Coccinellini tribe: a. Hippodamia variegata ; 
b. Oenopia doublieri ; Chilocorini tribe: c. Chilocorus bipustulatus; Noviini tribe: d. Novius cardinalis)

Table 2. Ladybird abundance and species richness according to habitat type ((1) natural habitat, (2) fruit-crop agrosys-
tem, (3) cereal-crop agrosystem, (4) urban habitat). 

Habitat
Type

Number 
of samples

Total 
abundance

% of 
individuals

Mean abundance 
per sample (± 

SD)

Mean species 
richness per 

sample (± SD)

Cumulative 
species richness 

(N of species)
 (1) 34 978 27.3 28.8 ± 32.9 1.5 ± 0.7 20
 (2) 12 1042 29.1 86.8 ± 76.2 2.6 ± 2.0 9
 (3) 27 1483 41.4 54.9 ± 42.4 2.0 ± 1.1 13
 (4) 12 77 2.2 6.4 ± 4.8 1.1 ± 0.3 4
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(6), N. oleander (5), and Triticum durum (Desf.) (2). 
(Table 3)

Temporal dynamics
No ladybird individuals were observed in January. 
The first individuals appeared in February (8, 0.2%), 
after which abundances increased sharply during 
spring, reaching peaks in May (852, 23.8%) and 
June (821, 22.9%). Captures subsequently declined 
during summer (July-August) and remained low in 
autumn (September-October).

Monthly species richness followed a similar 
trend. The number of species increased progressive-
ly from a single species in February to 18 species in 

June, before declining slightly towards the end of 
the season (10 in July, 8 in August, 9 in September, 
and 5 in October). No species or individuals were 
recorded in January (Fig. 3).

Relationship with aphid presence
The sampled ladybird community comprises species 
with markedly different dietary regimes (Tab. 4): 10 
strictly aphidophagous species representing 1,958 in-
dividuals (54.7% of the total), alongside coccidipha-
gous species (e.g., Chilocorus bipustulatus, Novius 
cardinalis), mycophagous species (Psyllobora vig-
intiduopunctata), aleurodiphagous species (Clitoste-
thus arcuatus) and acariphagous species (Stethorus 

Table 3. List of the 15 host-plant species on which ladybirds (Coccinellidae) were sampled across the four habitat types 
(natural forest, fruit-crop agrosystem, cereal-crop agrosystem, urban green spaces), with associated total abundance, 
relative captures and cumulative species richness.

N° Host-plant species Family Habitat type(s)

Total 
abundance 

(N indi-
viduals)

% of 
total 

captures

N lady-
bird 

species

1 Citrus limon (L.) Osbeck Rutaceae Fruit-crop agrosystem; 
Cereal-crop agrosystem 1012 28.3 6

2 Punica granatum L. Lythraceae
Fruit-crop agrosystem; 

Cereal-crop agrosystem; 
Natural habitat

727 20.3 8

3 Nerium oleander L. Apocynaceae Natural habitat 440 12.3 5

4 Cupressus sempervirens L. Cupressaceae
Natural habitat; Cereal-
crop agrosystem; Urban 

habitat
377 10.5 7

5 Triticum durum Desf. Poaceae Cereal-crop agrosystem 321 9.0 2

6 Pittosporum tobira (Thunb.) 
W.T.Aiton Pittosporaceae Natural habitat; Urban 

habitat 273 7.6 5

7
Spontaneous herbaceous 

vegetation  
(“Mauvaises herbes”)

Mixed 
(ruderal flora)

Cereal-crop agrosystem; 
Urban habitat 235 6.6 3

8 Ceratonia siliqua L. Fabaceae Natural habitat 55 1.5 1
9 Lantana camara L. Verbenaceae Natural habitat 51 1.4 1
10 Pinus halepensis (Mill.) Pinaceae Natural habitat 30 0.8 2

11 Morus nigra L. Moraceae Natural habitat; Urban 
habitat 29 0.8 4

12 Arbutus unedo L. Ericaceae Natural habitat 14 0.4 1

13 Prunus dulcis (Mill.) 
D.A.Webb Rosaceae Cereal-crop agrosystem 12 0.3 1

14 Hedera helix L. Araliaceae Natural habitat 2 0.06 1
15 Pinus canariensis C.Sm. Pinaceae Natural habitat 2 0.06 1

Total 3580 100.0 -

Note: “Spontaneous herbaceous vegetation” groups unidentified ruderal/weedy plants recorded in the field as “Mau-
vaises herbes”, mainly in urban and cereal-crop sites. Habitat types are listed in decreasing order of sampling frequency 
for each host plant. Family names follow standard botanical nomenclature (APG IV where applicable). 



8

Boukendakdji A., Boukheroufa M., Sakraoui F., Nattier R. & Hadiby R.

Fig. 3. Species composition of the ladybird community (total abundance per species over the entire sampling period) 
(left) and monthly species richness (number of ladybird species) (right).

Table 4. Dietary regimes of the 23 Coccinellidae species recorded in this study. Aphidophagous species are highlighted 
in bold. Sources: Hodek & Michaud (2008); Soares et al. (2023).

Species Dietary regime Known prey / diet

Adalia decempunctata Aphidophagous Various Aphididae
Chilocorus bipustulatus Coccidiphagous Diaspididae, Coccidae
Clitostethus arcuatus Aleurodiphagous Aleyrodidae (whiteflies)
Coccinella septempunctata Aphidophagous Various Aphididae
Exochomus ericae Coccidiphagous Diaspididae
Exochomus quadripustulatus Coccidiphagous Diaspididae, Coccidae
Harmonia axyridis Aphidophagous Various Aphididae; also other Hemiptera
Harmonia quadripunctata Aphidophagous Aphididae (conifers)
Hippodamia variegata Aphidophagous Broad range of Aphididae
Myrrha octodecimguttata Aphidophagous Aphididae (Pinaceae)
Novius cardinalis Coccidiphagous Icerya purchasi (Monophlebidae)
Oenopia conglobata Aphidophagous Various Aphididae
Oenopia doublieri Aphidophagous Various Aphididae
Parexochomus nigripennis Coccidiphagous Diaspididae
Pharoscymnus setulosus Coccidiphagous Diaspididae
Psyllobora vigintiduopunctata Mycophagous Erysiphales (powdery mildews)
Rhyzobius chrysomeloides Coccidiphagous Coccidae
Rhyzobius litura Coccidiphagous Coccidae
Rhyzobius lophanthae Coccidiphagous Diaspididae
Scymnus apetzi Aphidophagous Various Aphididae
Scymnus subvillosus Aphidophagous Various Aphididae
Stethorus pusillus Acariphagous Tetranychidae (spider mites)
Tytthaspis phalerata Mycophagous Mildews
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pusillus). To avoid confounding this trophic diversity 
with the aphid–predator relationship, the following 
analysis was restricted to strictly aphidophagous spe-
cies (highlighted rows in Table 4).

Across all 85 surveys analysed (habitat × 
host plant × date), at least one aphid species was 
detected in 56 surveys (65.9%). When considering 
only aphidophagous species, surveys with at least 
one aphid species present hosted an average of 36.2 
ladybirds, compared to 7.7 in their absence – a 4.7-
fold difference (Fig. 4). Species-level breakdown 
revealed similar patterns: mean aphidophagous la-
dybird abundance was 13.2 individuals per survey 
in the presence of Aphis gossypii (vs. 21.4 in its 
absence), 58.1 in the presence of Aphis nerii (vs. 
14.5), 55.8 in the presence of Aphis punicae (vs. 

15.7), and 80.2 in the presence of Rhopalosiphum 
padi (vs. 17.2).

Generalized linear models: effects of habitat 
type, aphid presence and abiotic variables
A negative binomial generalised linear model 
(GLM-NB) fitted on aphidophagous ladybird abun-
dance per survey (Table 5; 10 strictly aphidopha-
gous species, n = 1,958 individuals) indicated that 
the presence of at least one aphid species, after con-
trolling for habitat type and abiotic variables, had a 
significant posi-tive effect on aphidophagous lady-
bird abundance (coef. = 0.623 ± 0.238; z = 2.62; p 
= 0.009; IRR = 1.864; 95% CI:
1.17-2.97). This means that, holding habitat type 
and abiotic variables constant, surveys in which 

Fig. 4. Ladybird abundance per survey according to aphid presence (aphidophagous species only). Blue bars: surveys 
with the aphid species present; amber bars: surveys without. Values above bars indicate mean abundance. The figure 
is restricted to the 10 aphidophagous species (n = 1,958 individuals, 54.7% of total; see Table 4 for dietary regimes of 
all species). Significance of the overall aphid effect based on the GLM-NB model reported in Table 5 (coef. = 0.623; 
IRR = 1.86; p = 0.009).
Table 5. Results of the GLM-NB explaining aphidophagous ladybird abundance per survey (10 strictly aphidophagous 
species, n = 1,958 individuals) as a function of habitat type, aphid pres-ence and abiotic variables. Reference category: 
fruit-crop agrosystem. ¹ IRR = incidence rate ratio = exp(coefficient).

Factor / variable Coefficient SE Z P IRR¹

Intercept 4.174 1.176 3.549 < 0.001 64.990
Habitat: cereal-crop agrosystem -0.196 0.324 -0.605 0.545 0.822
Habitat: natural habitat -0.927 0.319 -2.902 0.004 0.396
Habitat: urban habitat -2.143 0.417 -5.144 < 0.001 0.117
Aphids (present) 0.623 0.238 2.622 0.009 1.864
Temperature (°C) 0.012 0.021 0.600 0.549 1.012
Humidity (%) -0.012 0.014 -0.880 0.379 0.988
Wind (km/h) -0.000 0.042 -0.011 0.992 1.000
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aphids were present hosted on average ~86% more 
aphidophagous ladybird individuals than surveys in 
which aphids were absent.

Habitat type exerted an additional significant 
effect on aphidophagous ladybird abundance. Us-
ing fruit-crop agrosystems as the reference category, 
cereal-crop agrosys-tems did not differ significantly 
(coef. = -0.196; p = 0.545; IRR = 0.82). Natural 
habitats showed significantly lower expected aphi-
dophagous abundance (coef. = 0.927; p = 0.004; 
IRR = 0.396, i.e. ~60% fewer aphidophagous indi-
viduals per survey), while urban habitats were the 
least favourable (coef. = -2.143; p < 0.001; IRR = 
0.117, i.e., ~88% fewer aphidophagous individuals 
per sur-vey).

Effects of habitat type and environmental 
variables on species richness
Species richness per survey ranged from 0 to 7 spe-
cies. A Poisson generalised linear model (GLM) 
(Table 6) confirmed the negative effect of urban 
habitats: compared to fruit-crop agrosystems, urban 
surveys had an expected richness approximately 
three times lower (coef. = -1.120; p = 0.002; IRR 
≈ 0.33). Natural habitats also exhibited significantly 
lower mean richness than fruit-crop agrosystems 

(coef. = -0.775; p = 0.004; IRR ≈ 0.46), whereas 
cereal-crop agrosystems did not differ significantly 
(coef. = -0.377; p = 0.126).

The binary variable indicating aphid presence/
absence had no significant effect on species rich-
ness (p = 0.149), suggesting that aphid availability 
mainly influences the abundance of aphidophagous 
individuals already present rather than system-
atically attracting additional species. Abiotic vari-
ables (temperature, relative humidity, wind speed) 
showed no significant effect on either abundance or 
richness in any of the models (all p > 0.12; Table 5 
and 6).

Effect of abiotic variables
The measured abiotic variables – air temperature, 
relative humidity and wind speed – did not have a 
significant effect on either aphidophagous ladybird 
abundance or species richness in the multivariate 
models. In the GLM-NB on aphidophagous lady-
bird abundance, the coefficients for tem-perature (p 
= 0.55), humidity (p = 0.38), and wind speed (p = 
0.99) were not significant. Likewise, in the Poisson 
GLM on species richness, none of these variables 
showed significant associations with the number of 
species (all p > 0.20).

Table 6. Results of the Poisson GLM explaining ladybird species richness per survey as a function of habitat type, 
aphid presence and abiotic variables. Reference category: fruit-crop agrosystem. ¹ IRR = incidence rate ratio = 
exp(coefficient).

Factor / variable Coefficient SE Z P IRR¹

Intercept 1.944 0.866 2.245 0.025 6.984
Habitat: cereal-crop agrosystem -0.377 0.246 -1.53 0.126 0.686
Habitat: natural habitat -0.775 0.269 -2.878 0.004 0.461
Habitat: urban habitat -1.12 0.361 -3.104 0.002 0.326
Aphids (present) -0.281 0.195 -1.443 0.149 0.755
Temperature (°C) -0.006 0.012 -0.52 0.603 0.994
Humidity (%) 0.003 0.01 0.289 0.773 1.003
Wind (km/h) -0.038 0.03 -1.257 0.209 0.963

Table 7. Hill numbers (q = 0, 1, 2) for ladybird assemblages in each habitat type and across all habitats combined.

Habitat type q0 (species 
richness)

q1 (Shannon 
diversity)

q2 (Simpson 
diversity)

(1) Natural habitat – Baïnem forest 20 8.21 4.90
(2) Fruit-crop agrosystem – Zeralda orchard 9 5.07 4.19
(3) Cereal-crop agrosystem – ITGC El Harrach 13 7.07 5.23
(4) Urban habitat – Paradou Park 4 3.54 3.25
All habitats combined 23 8.54 5.59
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Ladybird diversity across habitats: Hill 
numbers for q = 0, 1 and 2

Hill numbers (Table 7; Fig. 5) and iNEXT rarefac-
tion – extrapolation curves (Fig. 6) reveal marked 
differences in ladybird diversity among habitats. 
Natural habitats exhibited the highest species rich-
ness (q₀ = 20), followed by cereal-crop agrosystems 
(13 spp.), fruit-crop agrosystems (9 spp.) and urban 
habitats (4 spp.). Rarefaction – extrapolation curves 
indicate that sampling was essentially complete 
for urban and fruit-crop habitats (curves plateau), 
intermediate for cereal-crop agrosystems, and still 
increasing for the natural habitat, suggesting the 
presence of undetected rare species. Chao1 estima-
tors indicate that total richness in the natural habitat 
could reach approximately 25 species.

Diversity indices q₁ (Shannon) and q₂ (Simp-
son) provide a more detailed picture of community 
structure. Cereal-crop agrosystems show high ef-
fective diversity (q₁ = 7.07; q₂ = 5.23), reflecting 
a relatively even assemblage despite moderate spe-

cies richness. Fruit-crop agrosystems also exhibit a 
diverse structure (q₁ = 5.07; q₂ = 4.19). In natural 
habitats, the combination of high richness (q₀ = 20) 
and high q₁ (8.21) with a more moderate q₂ (4.90) 
indicates the coexistence of common species along-
side numerous rare taxa. Urban habitats are charac-
terised by low and saturated diversity (q₁ = 3.54; q₂ 
= 3.25), consistent with strong biotic homogenisa-
tion.

Community composition: PCA and 
PERMANOVA
A one-way PERMANOVA based on Bray – Curtis 
dissimilarities (9,999 permutations) confirmed a 
highly significant effect of habitat type on ladybird 
community composition (pseudo-F₃,₈₁ = 2.889; p 
< 0.001; R² = 0.243). The R² value indicates that 
habitat type explains approximately 24% of the to-
tal compositional variance – a robust and ecologi-
cally meaningful effect, though substantial variation 
(76%) remains unexplained, likely due to within-
habitat temporal and microhabitat heterogeneity.

Fig. 5. Hill numbers (q = 0, 1, 2) for ladybird assemblages in four habitat types (fruit-crop agrosystem, cereal-crop 
agrosystem, natural habitat, urban habitat). For each habitat, q = 0 represents species richness, q = 1 the effective num-
ber of common species (Shannon diversity) and q = 2 the effective number of dominant species (Simpson diversity).
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Fig. 6. Diversity of ladybird assemblages across habitat types: iNEXT rarefaction curves for Hill numbers (q = 0, 1, 2)

Fig. 7. Principal Component Analysis (PCA) of ladybird assemblages (biplot). Points represent surveys, coloured ac-
cording to habitat type; arrows indicate species (variables). Ellipses show the dispersion of surveys by habitat (confi-
dence level as defined in the software). Dim1 = 12.1% and Dim2 = 9.8% of the total inertia.
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Bonferroni-corrected pairwise comparisons 
showed that the urban habitat was significant-
ly distinct from all other habitats (all p < 0.05), 
whereas the natural habitat, fruit-crop agrosystem 
and cereal-crop agrosystem did not differ signifi-
cantly from one another. A preliminary PCA (Fig. 
7) visually confirmed this pattern, although the 
first two axes explained only 21.9% of total iner-
tia (Dim1 = 12.1%; Dim2 = 9.8%), reflecting the 
inherent complexity of species assemblages and 
supporting the use of PERMANOVA as the pri-
mary inference tool.

Discussion
Habitat gradient and community structuring
Our results reveal a clear structuring of Coccinelli-
dae assemblages along a gradient of anthropogenic 
disturbance, from the semi-natural Baïnem forest to 
the highly artificialized Paradou Park. This gradient 
aligns with environmental filtering theory: structural-
ly and floristically heterogeneous habitats allow spe-
cies with diverse ecological traits to coexist, whereas 
simplified or disturbed environments favour a limited 
number of tolerant, eurytopic taxa (Grez et al. 2013; 
Gómez-Marco et al. 2015; Rocha et al. 2018).

The natural habitat harboured the highest di-
versity (q₀ = 20), including taxa apparently restrict-
ed to this site, such as Myrrha octodecimguttata – a 
conifer-associated aphid predator (Holecová et al. 
2018) – confirming the role of semi-natural habi-
tats as reservoirs of specialised biodiversity. Verti-
cal stratification, diverse host plants, litter layers 
and clearings create a mosaic of trophic and spatial 
niches that sustain both common and rare species.

Our dominant assemblage (Hippodamia var-
iegata, Chilocorus bipustulatus, Oenopia doublieri 
and Novius cardinalis) differs from the four species 
most frequently reported as dominant in earlier Al-
gerian surveys focused on agricultural habitats – 
Coccinella algerica (now synonymised with C. sep-
tempunctata; Romanowski et al. 2020), Coccinella 
undecimpunctata, Hippodamia variegata and Scym-
nus subvillosus (Lakhal et al. 2018; Saharaoui 2000). 
This divergence likely reflects the broader habitat 
gradient sampled here – including a natural habitat 
and an urban park in addition to the two agrosystem 
types on which earlier studies focused – rather than 
a shift in the regional species pool.

Although the natural habitat harboured the 
highest cumulative species richness (20 species), its 
per-survey abundance was significantly lower than 
that of fruit-crop agrosystems, likely reflecting dif-

ferences in prey density and vegetation structure: 
forests provide a wider array of microhabitats and 
rare taxa, whereas agrosystems concentrate large 
numbers of a few opportunistic species around lo-
cally abundant prey.

In contrast, urbanization acts as a strong ho-
mogenising force. PERMANOVA results indicate 
that the urban habitat is the only assemblage sig-
nificantly distinct from all others, highlighting ur-
banization – rather than the natural-to-agricultural 
gradient per se – as the primary driver of commu-
nity dissimilarity (Rocha et al. 2018; Magura et al. 
2020). Habitat fragmentation, dominance of imper-
meable surfaces, pollution and intensive horticultur-
al maintenance restrict ecological niches to a small 
number of eurytopic species. This process of biotic 
homogenisation is particularly concerning in rapidly 
urbanizing North African coastal regions (Decker et 
al. 2026), where urban green spaces may increas-
ingly function as isolated ecological islands.

The low abundance of Harmonia axyridis (Pal-
las, 1773) – the harlequin ladybird – representing 
only 0.6% of total captures, is noteworthy. Although 
this invasive species has restructured native commu-
nities in parts of Europe and North America (Grez 
et al., 2013; Sloggett, 2021), its limited presence in 
our sites suggests that local assemblages currently 
retain structural integrity. Nevertheless, its presence 
warrants continued monitoring, as future popula-
tion growth could lead to competition or intraguild 
predation with native species – processes that have 
been documented in North African countries neigh-
bouring Algeria.

It is important to note that each habitat type in 
this study is represented by a single geographic site, 
which precludes full statistical separation of habitat-
type effects from site-specific factors. The observed 
patterns are consistent with broader literature and 
ecological expectations, but replication across mul-
tiple sites per habitat type would strengthen causal 
inference. Future studies should include at least two 
to three sites per habitat type to formally test habitat-
type effects in an ANOVA-type framework.

Agrosystems: intermediate richness and 
functional dominance
The two agrosystems displayed intermediate species 
richness but were characterised by strongly domi-
nated community structures. Hippodamia variegata 
alone accounted for 33.8% of total captures and was 
present in all four habitats, confirming its ecological 
plasticity and opportunistic strategy (Saharaoui & 
Gourreau, 1998). Its dominance reflects traits typi-
cal of r-selected predators: high fecundity, rapid de-
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velopment, trophic generalism and strong dispersal 
capacity, enabling rapid colonisation of aphid out-
breaks (Hodek et al. 2012).

In the Zeralda orchard, H. variegata, Coc-
cinella septempunctata and Oenopia doublieri were 
abundant on aphid-infested citrus and pomegranate 
trees, suggesting their potential for natural pest sup-
pression when pesticide pressure is low. Similarly, 
in the wheat field, H. variegata and O. doublieri 
were well represented, likely contributing to reduc-
tions in cereal-crop aphid (Rhopalosiphum padi) 
occurrences after May (Taranto et al. 2022; Soares 
et al. 2023). In orchards, Chilocorus bipustulatus 
and Novius cardinalis were also abundant, indicat-
ing trophic diversification linked to the presence of 
scale insects and Monophlebidae (Gómez-Marco et 
al. 2015). More broadly, the fact that fruit and orna-
mental trees (Punica granatum, Cupressus semper-
virens, Citrus limon) supported the highest cumula-
tive species richness among host plants is consistent 
with the structural complexity and prey diversity 
typically associated with perennial hosts (Gómez-
Marco et al. 2015) and further underscores the major 
role of fruit and ornamental trees as key substrates 
sustaining ladybird diversity in this system.

Agricultural disturbances – ploughing, harvest-
ing, mowing and phytosanitary treatments – remain 
key structuring forces, interrupting life cycles and 
destroying refuges, thereby filtering out less resil-
ient species (Rusch et al. 2016; Soares et al. 2023). 
Field observations confirmed temporary declines 
in ladybird numbers following insecticide applica-
tions in the orchard. Nonetheless, when chemical 
pressure is moderate and habitat elements such as 
field margins are preserved, agrosystems can sustain 
substantial predatory activity and contribute mean-
ingfully to biological control (Gardiner et al. 2021).

Seasonal dynamics and bottom-up regulation
Ladybird phenology followed a marked Mediter-
ranean seasonal pattern consistent with the region’s 
climate (Lionello & Scarascia, 2018). The complete 
absence of individuals in January reflects winter dia-
pause and low aphid availability under cool condi-
tions (Sloggett, 2021). Populations increased sharp-
ly from March, peaking in May–June when spring 
aphid outbreaks on cereals and fruit trees coincide 
with optimal reproductive conditions for ladybirds.

Statistical models confirmed a significant 
positive effect of aphid presence on aphidophagous 
ladybird abundance (IRR = 1.86; p = 0.009), pro-
viding empirical evidence of bottom-up regulation: 
prey availability is the primary proximate driver of 
predator dynamics at the survey scale. The aggre-

gation of adults in aphid-infested plots is consistent 
with chemically mediated prey detection – via plant 
volatiles or honeydew – and numerical response 
mechanisms (Li et al., 2024). Dominant aphidopha-
gous species – particularly H. variegata, C. septem-
punctata and O. doublieri – respond rapidly to aphid 
outbreaks, concentrating reproductive effort where 
resources are abundant.

Instantaneous abiotic variables (temperature, 
humidity, wind speed) showed no significant inde-
pendent effect on either abundance or richness. At the 
temporal and spatial scales considered here, habitat 
structure and trophic availability appear to outweigh 
short-term microclimatic variation in determining la-
dybird distribution patterns (Gardiner et al., 2021).

Landscape complementarity and functional 
resilience

At the landscape scale, complementarity between 
semi-natural habitats and agrosystems emerges as 
a key mechanism for maintaining both regional di-
versity and functional integrity of predatory guilds. 
Natural habitats act as reservoirs of specialised and 
low-density species, while cultivated systems sup-
port high densities of generalist predators capable of 
delivering effective pest regulation. The combined 
habitat mosaic increases overall regional richness 
(23 species observed; ~25 estimated) and stabilis-
es ecosystem services across seasons (Hsieh et al., 
2016; Rusch et al., 2016).

Management implications and perspectives
While management recommendations were not di-
rectly tested in this study, the observed patterns 
suggest several avenues for agroecological manage-
ment, consistent with the broader literature. Preserv-
ing semi-natural habitats adjacent to crops may en-
hance recolonisation processes and sustain predator 
reservoirs. In orchards and cereal systems, reducing 
insecticide applications – particularly during peak 
spring reproductive periods – while maintaining 
grassy strips, hedgerows and floral resources could 
support ladybird persistence outside aphid outbreaks.

In urban environments, increasing vegetation 
complexity, planting diverse trees and shrubs, re-
ducing impervious surfaces, and moderating pesti-
cide use could mitigate biotic homogenisation and 
improve ecological connectivity for beneficial ar-
thropods (Rocha et al., 2018; Magura et al., 2020; 
Sockhill et al., 2025).

Expanding monitoring across broader spatial 
and temporal scales, integrating functional trait 
analyses, and replicating the study design across 
multiple sites per habitat type would further clarify 
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how agricultural intensification, urban expansion 
and climate change interact to influence aphid–pred-
ator trophic networks in North Africa (Taranto et al., 
2022; Soares et al., 2023).

Conclusion
This comparative study of Coccinellidae across four 
contrasting habitats in North-Central Algeria in-
dicates that habitat type is associated with marked 
differences in taxonomic diversity and in the struc-
ture of predatory guilds. Semi-natural forests act as 
biodiversity reservoirs, supporting rare and special-
ised species, while agrosystems sustained abundant 
generalist predators whose numbers tracked aphid 
presence, consistent with a potential contribution 
to pest regulation, although actual pest-suppression 
outcomes were not measured in this study. Highly 
artificial urban habitats, in contrast, promote simpli-
fied and homogenised assemblages, reflecting strong 
biotic homogenisation associated with urbanization 
(Rocha et al., 2018; Magura et al., 2020).

Ladybird diversity and ecological function are 
closely linked to habitat complexity and prey avail-
ability. The combination of structural heterogeneity, 
diverse host plants and trophic resources in forests 
and agrosystems sustains both rare and common spe-
cies, enabling stable predator populations across sea-
sons. The observed positive effect of aphid presence 
on aphidophagous species abundance further confirms 
the importance of bottom-up regulation in shaping lo-
cal community dynamics (Li et al., 2024). Maintaining 
landscape-scale heterogeneity is associated with high-
er regional species richness (~23 species observed; 
Chao1 estimate ~25) and may help support ecosystem 
services, consistent with findings in Mediterranean 
systems (Hsieh et al., 2016; Rusch et al., 2016).

By documenting these patterns, this study 
strengthens regional knowledge of ladybird assem-
blages and their trophic interactions, providing an 
empirical basis for the role of native predatory in-
sects in regulating pest populations. Conserving and 
restoring habitat complexity across forests, farms 
and urban green spaces thus represents a biodiver-
sity objective that may also contribute to sustaining 
functioning agroecosystems, though this latter link 
was not directly tested here (Gardiner et al., 2021; 
Rusch et al., 2016; Soares et al., 2023).
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