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Effects of location, orchard type, laying @
period and nest position on the reproductive
performance of Turtle Doves (Streptopelia turtur)
on intensively cultivated farmland

Saad Hanane”

Abstract

Background: Until recently little was known about factors affecting reproductive parameters of the Turtle Dove
(Streptopelia turtur) on intensively cultivated farmland in the Mediterranean area. In this study, the reproductive
parameters of this game species were evaluated in relation to location, orchard type, laying period and nest position
in central Morocco.

Methods: A total of 317 nests were found and analyzed across five breeding seasons (2004-2008) in the Haouz and
Tadla regions, over two major agro-ecosystems made up of olive and orange orchards. Nest position, laying period,
clutch size and the number of chicks hatched and fledged per nest were determined on 120 study plots. | used
Generalized Linear Models (GLMs) with a Poisson distribution and a log link function, including the logarithm of the
number of eggs in each clutch as an offset to model the number of chicks hatched and fledged per nest.

Results: Clutch-size was not affected by location, orchard type, laying period or nest position. The number of chicks
hatched per nest differed between orchard types; they were greater in olive orchards (1.33 & 0.06) than in orange
ones (1.03 & 0.08), whereas the number of chicks fledged per nest consistently differed with laying period and
orchard type, which were higher in the early laying period (1.22 £ 0.07) than in the late period (0.93 + 0.08) and
higher in olive orchards (1.22 £ 0.06) than in orange orchards (0.90 4 0.06). Neither location nor nest position were
related to variation in the fledging success of the Turtle Dove.

Conclusions: Olive orchards and the early laying period confer better nesting conditions than orange orchards and
the late laying period. Although nest position could be different in each orchard type, it did not affect the breeding
success of the Turtle Dove, suggesting that factors other than tree characteristics are influential. Further studies are
needed to improve our understanding of the effects of anthropogenic disturbance, especially agricultural activities
and hunting, on the productivity of Turtle Dove nests.
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Background 2009). Mediterranean landscapes are experiencing accel-
The Mediterranean area is characterized by special cli- erated changes due to increasing urbanization of coastal
matic and environmental conditions which, inter alia, and inland areas, abandoned traditional farming activi-
include structurally low water availability (Magnan et al.  ties and expansion of modern intensified agricultural
methods (Belda et al. 2011; Sokos et al. 2012). In the late
sixties, Morocco decided to make large hydraulic projects
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have been created so far. Irrigated agriculture occupies
15 % of the entire national area of cultivated land (MAP-
MEFF 2015), contributes up to 45 % of the average added
agricultural value and accounts for 75 % of agricultural
exports (MAPMEFE 2015).

Given the expansion of these new landscapes, it is
important and necessary to understand the ways in which
animals and plants respond to man-made environments
in order to provide sound biodiversity management
under global change scenarios (Pimm and Gittleman
1992; Benton et al. 2003; Rey 2011).

In many species of birds, reproductive success is heav-
ily affected by nest-site choice (Martin and Roper 1988;
Lomadscolo et al. 2010; Hanane and Besnard 2013). Place-
ment and attributes of nest location can affect, for exam-
ple, the risk of predation, access to food resources and
the microclimate experienced by the developing embryos
(Crabtree et al. 1989; Barea 2008). Other studies have
also shown that breeding success is linked to availabil-
ity of nesting habitat (Drobney et al. 1998; Browne et al.
2005) and season (Lepage et al. 2000; Herényi et al. 2014).

The Turtle Dove (Streptopelia turtur) is a sub-Saharan
migratory bird that has an extensive breeding distribu-
tion range in the western Palearctic (Cramp 1985). In
its European breeding areas, the species has undergone
a moderate decline in range and abundance between the
1970s and 1980s (Heath et al. 2000; Boutin 2001), with a
more serious decline starting during the 1980s (PECBMS
2010). The major threats to the Turtle Dove appear to
be nesting habitat degradation (Browne et al. 2004),
changes in food availability (Browne and Aebischer 2003)
and agricultural land use in addition to hunting (Bou-
tin and Lutz 2007). Other factors that may contribute
to the decline of Turtle Doves in Europe are changes in
wintering grounds and prevailing ecological conditions
throughout the migration route (Browne and Aebischer
2001; Eraud et al. 2009).

In North Africa, the species is a common migratory
breeding bird (Isenmann and Moali 2000; Thévenot et al.
2003; Isenmann et al. 2005). In Morocco, Turtle Doves
are mostly found in agricultural landscapes especially
in irrigated areas, where olive and orange orchards are
broadly represented (Hanane and Baamal 2011; Hanane
and Besnard 2014). These areas are mostly located at the
crossroads of the Turtle Dove migration routes between
Europe and Africa. The simultaneous presence of abun-
dant food resources from large tracts of cereal crops,
suitable nesting trees and water availability is highly
beneficial for Turtle Doves (Hanane 2009; Hanane and
Baamal 2011). In Europe, this type of agricultural land-
scape interspersed with abundant trees is also known to
be attractive for the species (Rouxel 2000; Browne and
Aebischer 2003; Dias et al. 2013). In Morocco, the Turtle
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Dove is a major game species, highly valued by national
and international hunters (HCEFLCD 2013).

Most studies on Turtle Doves have focused on breed-
ing biology (Rocha and Hidalgo 2002; Browne et al
2004, 2005; Hanane and Baamal 2011; Hanane 2012,
2014, 2015), breeding habitat use (Browne and Aebischer
2003; Browne et al. 2004; Bakaloudis et al. 2009; Dunn
and Morris 2012; Buruaga et al. 2012; Dias et al. 2013;
Yahiaoui et al. 2014), and migration (Eraud et al. 2013).
In spite of this, little is known about factors affecting the
nesting success of this game species. Consequently, only
two quantitative studies have addressed this deficiency in
the Mediterranean basin, respectively in Tadla (Morocco)
and Guelma (Algeria) (Hanane and Baamal 2011; Kafi
etal. 2015).

In this study, I examined the breeding success of Turtle
Doves in two major Moroccan irrigated areas (Haouz and
Tadla) over two major agro-ecosystems made up of olive
and orange orchards. The aim of the present study was
to investigate the effect of location (Haouz and Tadla),
orchard type (olive and orange), laying period (early and
late) and nest position on the reproductive parameters of
the Turtle Dove. This is the first study that deals with the
combined effects of these four explicit variables on the
breeding parameters of Turtle Doves in the Mediterra-
nean basin.

Methods

Study areas

The study was conducted in irrigated agricultural areas
of the Tadla and Haouz regions situated, respectively, in
the vicinity of Marrakech and Béni-Mellal, two cities in
Central Morocco (Table 1; Fig. 1). In both regions the
climate is arid to semi-arid, with about 240-300 mm of
rain falling annually, mainly during the rainy season in
winter (November—March). Temperature varies widely
from moderate temperate winters to hot summers in
which temperatures can reach up to 48 °C. In both irri-
gated areas, orchards of olive and oranges are found in
patches, isolated as islands within mainly cereal (Triti-
cum turgidum and Triticum aestivum) and fodder crops
(alfalfa Medicago sativa and maize Zea mays). Orchards
of olive and orange trees can occur on the same farm, but
typically one type of tree dominates each farm. In olive
orchards, trees tend to be old with a round canopy and
in rows. Round canopy and regularly spaced plantations
also dominate in citrus orchards. Overall, both areas have
practically the same characteristics in terms of climate,
topography and agricultural landscape (Table 1).

Field procedures
Fieldwork was carried out from February to Septem-
ber in olive and orange agro-ecosystems of the Haouz
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Table 1 Characterisatics of the topography, climate
and agriculture of irrigated areas of the Haouz and Tadla,
Morocco

Irrigated agricultural area

Haouz Tadla

Geographical coordinates
Latitude 31°37/00”"N 32°21/50.97"N
Longitude 8°00'00"W 6°42/17.46"W
Topography
Maximum altitude (m) 450 400
Climate
Total annual precipitations (mm) 240 300
Temperature (°C) 20 19
Min. temperature (°C) (January) 4 35
Max. temperature (°C) (August) 48 48
Agriculture
Total area (ha) 311,000 117,500

Medicago sativa 17,060 23,000
Cereal crop area (ha) 51,109 56,940
Fruit farming area (ha) 89,000 38,144

Olea europaea 85,000 26,570

Citrus sp. 4000 11,574

(2004—2005) and Tadla (2006—2008) regions. The homo-
geneous structure of these stands of fruit trees (aver-
age age 31.2 £ 1.09 years) was behind the choice of a
stratified random sampling. To avoid density differ-
ences between the two orchard types (one olive hectare:
180 =+ 20.7 trees; one orange hectare: 449.25 £ 45 trees;
F = 30.521, p < 0.001), in order to make relevant com-
parisons between these plantations, I selected study plots
with the same number of trees (n = 20).

Data were collected from a total of 317 Turtle Dove
nests (137 nests in the Tadla and 180 in the Haouz irri-
gated areas, as well as 130 nests in orange orchards and
187 among the olive trees) (Figs. 2, 3). The results of Tur-
tle Dove nest monitoring in Tadla have already been pub-
lished (Hanane and Baamal 2011).

In each area and orchard type, three farm stations were
randomly chosen each year. At each farm station, four
sampling plots (each corresponding to the area occu-
pied by 20 trees: 5 rows and 4 columns) were, in turn,
randomly selected every year. They were chosen by ran-
dom selection coordinates x (length) and y (width) from
a table of random numbers. Each tree within each sample
plot was systematically searched to locate nests. A nest
was considered active when eggs, nestlings, or incubating
adults were present. The location of each nest tree was
marked on a map of the study plot. In order to minimize
observer induced disturbance, active nests were visited
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four times until failing or the young fledged (Nichols et al.
1984; Westmoreland and Best 1985; Gotmark 1992; Ponz
et al. 1996; Rivera-Mildn 1996). For each nest, I noted the
number of eggs laid, number of eggs hatched and num-
ber of chicks fledged. Laying period was determined
either by knowing the date when the first egg was laid or
by back-dating from the known hatching date, assum-
ing that incubation lasted 14 days (Browne et al. 2005).
The number of chicks hatched was known by the pres-
ence of chicks in nests. The number of chicks fledged was
determinated by (1) direct observation of chicks fledged,
(2) their presence around the nest-tree and (3) observ-
ing the chicks just before fledging [minimum age of
12 days, when they start fledging from the nest (Hanane
and Baamal 2011)]. To describe nest position, I focused
on five variables: nest tree height (TH), nest height above
ground (NH), nest-trunk distance (NT), lower canopy
distance (LC) and distance from the nest to the exter-
nal part of the canopy (DE) (Table 2). When there were
no Turtle Doves in a nest when located, the five were
immediately measured using a clinometer. If doves were
present, these measurements were taken early in the
morning, when birds often leave the nest to look for food
(Hanane 2015). The effort made by prospectors helped to
locate all nests in the 120 sample plots and 2400 trees.

Statistical analyses

Before performing statistical analyses, I checked for nor-
mality and homogeneity of variance for all variables. In
order to approach residuals from normality, variables
that did not conform to the requirements for paramet-
ric tests were transformed by logarithm or a square-root
transformation prior to all analyses (Zar 1984; Under-
wood 1996; Quinn and Keough 2002).

Laying periods were expressed as the number of days
after 1 April, and mean and median laying periods were
calculated for each year. Nests were defined as early or
late according to whether the laying period was before
or after the median laying period for that year. A pre-
liminary analysis revealed a strong correlation between
nest position variables. Therefore, I used Principal
Component Analysis (PCA) to: (1) reduce the dimen-
sionality of the set of variables to a smaller number of
‘representative’ and ‘uncorrelated’ variables (n = 5); (2)
investigate multicollinearity and (3) describe dominant
ecological gradients (Legendre and Legendre 1998). A
varimax normalized rotation was applied to the set of
principal components with eigenvalues >1.0 to obtain
simpler and more interpretable gradients (Legendre and
Legendre 1998). I interpreted the biological meaning
of the principal components, which explain the great-
est amount of combined variation within the habitat
structure data, by examining the component loadings
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Fig. 1 Map showing the location of the Haouz and Tadla regions in Central Morocco

of each variable (McGarigal et al. 2000). The PCA sum-
marized the field variables under investigation into two
independent axes accounting for 84.3 % of the variance
of the original dataset [50.8 % (eigenvalue = 2.538) and
33.5 % (eigenvalue = 1.673) respectively)]. The varimax
rotation revealed a first gradient (PCy tica distribution of nests)
characterized by high loadings of variables related to
nest height, given its positive correlation with tree height
(r =0.621, p < 0.001), nest height (r = 0.846, p < 0.001)
and distance from nest to the lowest part of the canopy
(r=0.824, p < 0.001). The second gradient (PCp;.i distribu-
tion of nests) T€Presents an axis of increasing distal distance
of nests, given that it was positively correlated with nest-
trunk distance (r = 0.966, p < 0.001).

After this first stage of analysis, and in order to exam-
ine how clutch size and number of chicks at hatching and
fledging vary according to location, orchard type, laying
periOd and nest position (PCVertical distribution of nests and
PChjstal distribution of nests)» 1 used Generalized Linear Models
(GLMs) with a Poisson distribution and a log link func-
tion (McCullagh and Nelder 1989). The use of plots was
tested for random effect within General Linear Mixed

Models (GLMM) to avoid pseudo-replication but this
factor did not improve model fit, therefore I proceeded
without it by using GLMs. No spatial autocorrelation was
detected on the residuals of our best models. Nugget/Sill
ratios of the best models were close to 1.

For hatching and fledging success, the logarithm of the
number of eggs in each clutch was included as an off-
set. The ratio of residual deviance to residual degrees of
freedom after the dependent variables were fitted in the
model was close to 1, suggesting that the data were not
overdispersed (Dean 1992; Smith and Heitjan 1993). An
all-inclusive set of candidate GLMs was developed using
multi-model inferences (Burnham and Anderson 2002).
In order to prevent any problems due to multicollinear-
ity, all explanatory variables [both quantitative (PCyical
distribution of nests and PCDistal distribution of nests) and qualitative
(location, orchard type and laying period)] were assessed
for collinearity, with the use of Analysis of Variance
(ANOVA) Since PCVertical distribution of nests and PCDistal dis-
tribution of nests are significantly correlated with location
(F1316 = 50.81, p < 0.001; F, 3,5 = 18.354, p < 0.001) and
orchard type (F 34 = 21.35, p < 0.001; F, 3,4 = 183.54,
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Fig. 2 a A nest of a Turtle Dove with two eggs on an olive tree. b A
nest of Turtle Dove with a newly hatched chick on an orange tree. ¢ A

Turtle Dove at nest with its chicks on an orange tree (© S.Hanane)

p < 0.001), these were not included in the same mod-
els. Taking into account the results of the second step
of analyses, explanatory variables (orchard type, laying
period and nest position) were tested alone, in addition
and with interaction. For each model, Akaike information
criteria (AIC) were calculated from the general formula
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Fig. 3 a Number of chicks hatched per nest of Turtle Doves accord-
ing to orchard type in Haouz and Tadla irrigated areas, Morocco.

b, Number of chicks fledged per nest of Turtle Doves according to
laying period in the irrigated areas of Haouz and Tadla, Morocco.

b, Number of chicks fledged per nest of Turtle Doves according to
orchard type in Haouz and Tadla irrigated areas, Morocco

AIC = -2 (log likelihood) + 2 K, where K is the num-
ber of parameters. The model with the lowest AIC was
selected as the best fitting model. I corrected AIC for a
small sample size using AICc (Burnham and Anderson
2002). To test whether the residuals of the best mod-
els were normally distributed, and thus acceptable, a
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Table 2 Mean values (+SE) of Turtle dove nest position
according to location, orchard types and nest-tree fea-
tures during 2004-2008

Haouz Tadla

Olive Orange Olive Orange

orchards orchards orchards orchards
TH(m) 5.3940.09 4.09 + 0.09 6.88 + 0.09 429+0.12
NH (m) 2.77 +£0.08 241 £0.09 3.92+£0.08 261+£0.12
LC(m) 2.1340.08 2.03 +0.09 3.194+0.08 237 4+0.11
NT (m) 1.65 % 0.07 0.71 +0.08 2.04 +£0.07 099 +0.10
DE (m) 1.6540.08 1.65 4+ 0.08 2.51+0.07 1.74+0.10

TH nest tree height, NH nest height above ground, LC height of the base of the
live crown, NT nest-trunk distance, DE distance from nest to the external part of
the canopy

goodness-of-fit (GOF) test was performed. Because the
monitoring was not performed during the same years
[Haouz (2004-2005); Tadla (2006-2008)], the annual
effect was excluded in the analyses. All statistical analy-
ses were performed in R-3.1.0 software (R Development
Core Team 2013), using the package “ade4” for Principal
Component Analysis (Dray and Dufour 2007). Through-
out, results are expressed as mean + SE.

Results

Clutch-size

The average clutch size was 1.92 eggs (SE = 0.01, n = 317),
with either 1 or 2 eggs. The model that best described
variation in clutch-size was the null model (Tables 3,
4). None of the other variables, i.e., location (z = 0.321,
p = 0.74), orchard type (z = —0.095, p = 0.92), laying
period (z = —0.089, p = 0.92) or nest position (PCy,,y.
cal distribution of nests* € = —0.188, P = 0.85; PCDistal distribution

of nests: 2 = 0.013, p = 0.98) were related to variation in

clutch-size.

Hatching success

Across five breeding seasons, average hatching success
was 1.21 hatchlings per nest (SE = 0.05, » = 317), rang-
ing from 0 to 2 hatchlings. In accordance with the AAICc
values, the most parsimonious model of hatching success
included as explanatory variables fit to orchard type. The
goodness-of-fit test indicated an acceptable fit (p = 0.37).
The model explained 30 % of the deviance in the hatching
success and 20 % of their variance. The hatching success
of the Turtle Doves was greater in olive orchards than in
the orange orchards (8 = —0.241 £ 0.10; 95 % CI —0.436
to —0.044, z = —2.253, p = 0.02) (Tables 3, 4; Fig. 3a).
Location (z = 0.038, p = 0.96), laying period (z = —1.178,
p = 023) and nest POSition (PCVertical distribution of nests*
z = 1412, P = 016’ PCDistal distribution of nests* < — 0995’
p = 0.32) did not affect variation in hatching success.

Page 6 of 11

Breeding success

Among the 317 clutches monitored, 130 (58.9 %) were
successful (proportion of fledged nests among the moni-
tored nest sample). Average fledging success was 1.09
fledglings per nest (SE = 0.05, n = 317), ranging from 0
to 2 fledglings. The most parsimonious model of breed-
ing success includes orchard type and laying period. The
goodness-of-fit test indicated acceptable fit (p = 0.09).
The model explained 23 % of the deviance in the breed-
ing success and 18 % of their variance. The number of
chicks fledged per nest was greater in olive orchards than
in orange ones (8 = —0.304 £ 0.11; 95 % CI —0.526 to
—0.081, z = —2.679, p = 0.007) and in early laying period
compared to late period (8 = —0.259 £+ 0.11; 95 % CI
—0.475 to —0.043, z = —2.351, p = 0.018) (Tables 3, 4;
Fig. 3b;, by). Neither location (z _ —0.477, p = 0.63)
nor nest position (PCVertical distribution of nests ¢ — 1.981,
pP= 006’ PCDistal distribution of nests* £ = 0219’p = 022) were
related to variation in Turtle Dove breeding success.

Discussion

The present study aimed to investigate the reproductive
parameters of Turtle Doves in olive and orange agro-
ecosystems. In Morocco, large areas of olive and orange
groves are found in irrigated areas which are character-
ized to a large extent by cereals, water availability and the
presence of suitable nest-trees. The man-made character-
istics in this environment explain the high incidence of
nesting Turtle Doves (Hanane 2009; Hanane and Baamal
2011). However, the choice of olive and orange trees does
not indicate a particular attraction, but is more a reflec-
tion of their availability in the study areas (Wiley 1991;
Rivera-Mildn 1996; Browne et al. 2005; Hanane and
Baamal 2011).

In this study, the clutch size of the Turtle Dove was not
related to location, orchard type, laying period or nest
position. These findings are consistent with the typical
pattern shown by Turtle Doves both in Europe (Peiro
1990; Browne et al. 2005) and North Africa (Hanane and
Maghnouj 2005; Hanane and Baamal 2011; Kafi et al.
2015). I also found that the number of chicks hatched
and fledged per nest are greater in olive orchards than in
orange orchards. This suggests that biotic disturbances
occur much more in orange orchards than among the
olive trees. This is logical since, during spring and sum-
mer seasons, orange orchards are under continuous
human management compared to olive orchards, where
interventions occur only sporadically. Indeed, agricul-
tural practices, such as fruit harvesting, tree pruning
and the application of pesticide and herbicide, are exclu-
sively performed in orange orchards during this period,
which coincides with the breeding season of Turtle Doves
(Hanane and Baamal 2011). The presence of a sizeable
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Table 3 Model comparison procedure performed on the data set of Turtle dove reproductive performance considering
location (LC), orchard type (OT), laying period (LP) and nest position in Haouz and Tadla irrigated areas, Morocco

Breeding parameters Models K AlCc AAICc AlCcw GOF (P)

Clutch size Null 1 829.63 0 - -
LC 2 831.55 192 -
PC\/emcaI distribution of nests 2 831.62 199 -
or 2 831.65 202 -
LP 2 831.65 2.02 -
PCoistal distribution of nests 2 83166 203 -
LP x PCpistal distribution of nests 4 833.58 3.95 -
OT+LC 3 833.58 3.95 -
LP+LC 3 833.59 3.96 -
LP + PCyertical distribution of nests 3 833.66 403 -
OT+LP 3 833.68 4.05 -
LP + PChistal distribution of nests 3 833.69 4.06 -
OT x LC 4 835.60 597 -
OT+ LC+LP 4 835.62 5.99 -
LP x LC 4 835.63 6 -
LP X PCyerical distribution of nests 4 835.64 6.01 -
LP x OT 4 835.68 6.05 -
LP + PCoertical distribution of nests + PCoistal distribution of nests 4 835.71 6.08 -
OT x LC+LP 5 837.65 8.02 -
OT+LC x LP 5 837.67 8.04 -
LP X (PCyertical distribution of nests + PCoistal distribution of nests) 6 839.78 10.15 -
OT x LC x LP 8 843.80 1417 -

Number of chicks hatched/nest oT 1 847.80 0 0.30 0.37
OT x LC 4 849.98 2.18 0.10
OT+LP 3 850.05 2.25 0.10
OT x LC+LP 5 850.25 245 0.09
OT + LC 3 850.74 2.94 0.07
OT x LP 4 851.37 3.57 0.05
OT+LC+LP 4 851.42 3.62 0.05
PCoertical distribution of nests 2 852.03 4.23 0.04
LP + PClertical distribution of nests 3 852.21 441 0.03
OT+LC x LP 5 852.58 478 0.03
LP 2 852.59 479 0.03
PChistal distribution of nests 2 852.99 5.19 0.02
LP + PCyertical distibution of nests + PCoistaldistribution of nests 4 85315 535 002
LP + PChistal distribution of nests 3 853.55 5.75 0.02
LC 2 853.99 6.19 0.01
LP X PCeical distribution of nests 4 854.14 6.34 0.01
LP % PCpistal distribution of nests 4 854.38 6.58 0.01
LP+LC 3 854.63 6.83 0.01
OT x LC x LP 8 855.34 7.54 0.01
LP x LC 4 855.58 7.78 0.01
LP x (PC\/emca\ distribution of nests + PCD\stald\smbution of nests) 6 856.37 857 0.00
Null 1 861.97 1417 0.00
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Table 3 continued
Breeding parameters Models K AlCc AAICc AlCcw GOF (P)
Number of chicks fledged/nest LP+0OT 826.25 0 0.23 0.09

LP x OT 827.31 1.06 0.14

OT x LC+ LP 828.29 2.04 0.08

OT+ LC+LP 828.33 2.08 0.08

P+ PCVemca\ distribution of nests 82845 22 0.08

OT+LC x LP 828.54 2.29 0.07

LP + PC\/emca\ distribution of nests + PCD\staI distribution of nests 82861 2.36 0.07

LP X PCoorrical distribution of nests 829.48 323 005

o)) 829.83 358 0.04

LP x (PC\/emca\ distribution of nests + PCD\Sta\ distribution of nests) 830.13 3.88 0.03

OT x LC 830.60 435 0.03

OT x LC x LP 831.00 4.75 0.02

LP X PCpygal distrbution of nests 831.51 526 002

LP 831.60 535 0.02

OT + LC 831.85 5.6 0.01

LP + PChigal distribution of nests 831.93 568 0.01

PC\/emcaI distribution of nests 83329 704 OO]

LP x LC 83333 7.08 0.01

LP+LC 833.39 714 0.01

PCoistal distribution of nests 83574 949 000

LC 837.01 10.76 0.00

Null 843.21 16.96 0.00

Table 4 Turtle Dove breeding productivity during the incubation and brood-rearing periods based on all nests found

in orange and olive groves during 2004-2008

Haouz

Tadla

Olive orchards

Orange orchards

Olive orchards Orange orchards

Early Late Early Late Early Late Early Late
Clutch size 1.94 +£0.04 1.95 £ 0.04 1.95 £ 0.04 1.95 £ 0.04 1.96 £ 0.04 1.87 £0.04 1.83 £0.05 191 £0.06
Chicks hatched/nest 155£013 133£015 1.10+£0.14 0.81£0.15 125+£0.13 117 £0.14 155£013 133£015
Chicks fledged/nest 1494013 1.08 £0.15 1.00£0.14 0.60 £ 0.15 1.18 £0.13 1.11£0.14 113+017 091 +£0.20

number of deserted eggs in orange orchards corroborates
our findings (Hanane and Maghnouj 2005; Hanane and
Baamal 2011). Another possible explanation is that there
are different predator communities in the two orchard
types, in which the impact on the nests of Turtle Doves
would be much more intense in orange orchards than
in olive orchards. Westmoreland and Best (1985) also
reported a low reproductive success of disturbed nests
compared to undisturbed ones when studying the effect
of disturbance on the nest success of Mourning Doves
(Zenaidura macroura).

The present study also highlights the effect of fruit
nest-tree types on the number of chicks hatched and

fledged per nest. This result is surprisingly inconsist-
ent with the study of Hanane and Baamal (2011), which
suggested the absence of such effect in the Tadla region.
Although not significant, the effect of location seems
to play a tiny and discreet role (the number of chicks
hatched per nest: B, chard type * location = —0.399 + 0.225,
z = —1.857, p = 0.063; number of chicks fledged per
nest: By chard type * location = —0-415 & 0.227, z = —1.824,
p = 0.068). In the Haouz location, the intensity of preda-
tion and human disturbance are more pronounced than
in Tadla (Pers. Obs.). It is all the more true that breed-
ing success is lower in Haouz [48.8 % (Hanane and Magh-
nouj 2005)] than in Tadla [55.5 % (Hanane and Baamal



Hanane Avian Res (2016) 7:4

2011)]. Differences in productivity of nests between fruit
nest-trees are also found in another dove species, i.e., the
Mourning Dove (Knight et al. 1984).

In addition to the effect of orchard type, laying period
was also identified as a significant predictor of the num-
ber of chicks fledged per nest, with more chicks fledg-
ing in the early period than in the late period. This result
could be explained by: (1) the hunting activity which
takes place during the laying period of doves in the two
zones under investigation (from 4 July to 24 August), (2)
the continuous presence of children, who continually
look for nests during the summer holidays (from June to
September) and (3) the long period of orange harvesting
which is immediately followed by that of tree pruning
(from the end of May to September). Overall, in fruit tree
orchards Turtle Doves are disturbed by several events,
mainly human activities (Mitchell et al. 1996).

Although not included in the analyses, the effect of year
may affect the reproductive parameters in this species
as recorded in Spain by Peiro (1990) and in Morocco by
Hanane and Baamal (2011). Fluctuating ecological condi-
tions from 1 year to another would be the origin of these
variations (Zarybnicka et al. 2015).

Tree plantations are known to act as sources of generalist
predators of various types, including rodents, lagomorphs,
feral cats, dogs and corvids (Suvorov et al. 2012; Sanchez-
Oliver et al. 2014). Declines in the number of chicks fledged
per nest could reflect a change in predator activity over
the course of the breeding season (Peak 2007; Sperry et al.
2008). Unfortunately, I did not monitor nest predators
or collect data on their activity or behavior; however, it is
known that snake activity is more important during the
summer months than in the spring (Sperry et al. 2008).

The reproductive parameters of the Turtle Doves did
not vary according to position of nests within trees. This
result is consistent with a previous study conducted in
the Tadla region (Hanane and Baamal 2011), as well
as with several studies on Columbid species that have
examined the relationship between nest location and
nesting success [e.g. Laughing Dove (Streptopelia sen-
egalensis) (Hanane et al. 2011), Mourning Dove (Yahner
1983; Miller and Otis 2010), Zenaida Dove (Zenaida
aurita) (Rivera-Mildn 1996), Common Ground-dove
(Columbina passerine) (Rivera-Milan 1996), Plain Pigeon
(Patagioenas inornata) (Rivera-Mildn et al. 2003), and
Wood Pigeon (Columba palumbus) (Hanane and Bes-
nard 2013)].

A recent study (Kafi et al. 2015) was carried out in the
orange orchards of Guelma in Algeria does however not
come in line with the findings of this study. Indeed, nest
height and nest-trunk distance have affected the number
of chicks fledged per nest in this region. Most likely, eco-
logical conditions, especially anthropogenic, prevailing
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in the orange groves of Guelma would be responsible for
this relationship.

Conclusions

The results of this study show that, in Haouz and Tadla
orchards, the number of chicks hatched per nest was
lower in orange orchards, as was the number of chicks
fledged and, as well, later in the laying period. Based
on these findings and given the impossibility to control
harvest periods of oranges (responsive to the supply and
demand of the citrus market, which changes from year
to year), it is important to raise awareness among farm-
ers to reduce disturbance to nesting Turtle Doves. The
control of predation is also of major importance. Overall,
the civil society, in partnership with government bodies,
has a key role to play in protecting Turtle Doves in these
man-made environments.

Further studies are needed to improve our understand-
ing of the effects of anthropogenic disturbances, espe-
cially agricultural activities in orchards and hunting, on
the productivity of Turtle Dove nests. Bird banding is an
essential way to study the demography of Turtle Dove
populations in such environments. This will allow us to
quantify the actual effect of human disturbance on the
productivity of this Columbid species. It is also impor-
tant to understand predator communities in relation to
human activities.

Acknowledgements

I thank the owners of the farms for kindly allowing me to work on their
properties. | thank the three anonymous reviewers and the Editor of the Avian
Research Journal for their comments and advice. This work complies with the
current Moroccan laws, given that it is based on simple field observations
without any experiment or prejudice on studied plants and animals. This study
was supported by the Forest Research Center, High Commission for Water,
Forests and Desertification Control, Morocco.

Competing interests
The author declares that he has no competing interests.

Received: 9 June 2015 Accepted: 12 February 2016
Published online: 29 February 2016

References

Bakaloudis DE, Vlachos CG, Chatzinikos E, Bontzorlos V, Papakosta M. Breeding
habitats preferences of the turtledove (Streptopelia turtur) in the Dadia-
Soufli National Park and its implications for management. Eur J Wildl Res.
2009;55:597-602.

Barea LP. Nest-site selection by the Painted Honeyeater (Grantiella picta), a
mistletoe specialist. Emu. 2008;108:213-20.

Belda A, Martinez-Perez JE, Peiro V, Seva E, Arques J. Main landscape
metrics affecting abundance and diversity of game species in a semi-
arid agroecosystem in the Mediterranean region. Span J Agric Res.
2011,9(4):1197-212.

Benton TG, Vickery JA, Wilson JD. Farmland biodiversity: is habitat heterogene-
ity the key? Trend Ecol Evol. 2003;18:182-8.

Boutin JM. Elements for a Turtle Dove (Streptopelia turtur) management plan.
Game Wildl. 2001;18:87-112.



Hanane Avian Res (2016) 7:4

Boutin JM, Lutz M. Management plan for Turtle Dove (Streptopelia turtur)
2007-2009. Luxembourg: European Commission; 2007.

Browne S, Aebischer N. The role of agricultural intensification in the decline of
the Turtle Dove Streptopelia turtur. Peterborough: English Nature; 2001.

Browne SJ, Aebischer N, Crick H. Breeding ecology of Turtle Doves Streptopelia
turtur in Britain during the period 1941-2000: an analysis of BTO nest
records cards. Bird Study. 2005;52:1-9.

Browne SJ, Aebischer NJ, Yfantis G, Marchant JH. Habitat availability and use
by Turtle dove Streptopelia turtur between 1965 and 1995: an analysis of
Common Birds Census data. Bird Study. 2004;51:1-11.

Browne SJ, Aebischer NJ. Habitat use, foraging ecology and diet of Turtle
Doves Streptopelia turtur in Britain. Ibis. 2003;145:572-82.

Burnham KP, Anderson DR. Model selection and multimodel inference: a prac-
tical information theoretic approach. New York: Springer; 2002.

Buruaga MSD, Onrubia A, Fernandez-Garcia JM, Campos MA, Canales F,
Unamuno JM. Breeding habitat use and conservation status of the Turtle
Dove Streptopelia turtur in Northern Spain. Ardeola. 2012;59:291-300.

Crabtree RL, Brooye LS, Wolfe ML. Effects of habitat characteristics on gadwall
nest predation and nest-site selection. J Wildl Manag. 1989;53:129-37.

Cramp S. The birds of the western palearctic, vol. 4. Oxford: Oxford University
Press; 1985.

Dean WRJ. Bird assemblages as clues to dryland alteration (poster abstract). In:
Arid Zone ecology forum, De Aar, 10-12 November 1992. p 25.

Dias S, Moreira F, Beja P, Carvalho M, Gordinho L, Reino L, Oliveira V, Rego F.
Landscape effects on large scale abundance patterns of turtle doves
Streptopelia turtur in Portugal. Eur J Wildl Res. 2013;59:531-41.

Dray S, Dufour AB (2007) The ade4 Package: implementing the duality diagram
for ecologists. J Stat Softw. 2007;22(4):1-20. (http://wwwjstatsoft.org/
v22/i04/).

Drobney RD, Schulz JH, Sheriff SL, Fuemmeler WJ. Mourning Dove nest-
ing habitat and nest success in central Missouri. J Field Ornithol.
1998;69(2):299-305.

Dunn JC, Morris AJ. Which features of UK farmland are important in retaining
territories of the rapidly declining Turtle dove Streptopelia turtur? Bird
Study. 2012;59:394-402.

Eraud C, Boutin J-M, Riviere M, Brun J, Barbraud C, Lormée H. Survival of Turtle
doves Streptopelia turtur in relation to western Africa environmental
conditions. Ibis. 2009;151:186-90.

Eraud C, Riviere M, Lormée H, Fox JW, Ducamp J-J, Boutin J-M. Migration
routes and staging areas of trans-Saharan Turtle Doves appraised from
light level geolocators. PLoS ONE. 2013;8:€59396. doi:10.1371/journal.
pone.0059396.

Gotmark F. The effects of investigator disturbance on nesting birds. Curr
Ornithol. 1992,9:63-104.

Hanane S, Baamal L. Are Moroccan fruit orchards suitable breeding habitats for
Turtle Doves Streptopelia turtur? Bird Study. 2011,58:57-67.

Hanane S, Bergier P, Thévenot M. La reproduction de la Tourterelle maillée
Streptopelia senegalensis dans la plaine de Tadla (Maroc Central): analyse
comparée avec la Tourterelle des bois Streptopelia turtur. Alauda.
2011,79(1):17-28.

Hanane S, Besnard A. Are nest-detection probability methods relevant for
estimating Turtle dove breeding populations? A case study in Moroccan
agroecosystems. Eur J Wildl Res. 2014;60:673-80.

Hanane S, Besnard A. Nest survival of Woodpigeons (Columba palumbus) in
North African forests. Bird Study. 2013;60:202-10.

Hanane S, Maghnouj M. Biologie de reproduction de la Tourterelle des bois
Streptopelia turtur dans le périmetre irrigué du Haouz (Marrakech-Maroc).
Alauda. 2005;73:183-94.

Hanane S. Do age and type of plantings affect turtle dove Streptopelia
turtur nest placement in olive agro-ecosystems? Ethol Ecol Evol.
2012,24:284-93.

La Hanane S. Tourterelle des bois au Maroc: sur les traces d'un gibier. Rabat:
Centre de Recherche Forestiere, Collection Maroc Nature; 2009. p. 36.

Hanane S. Nest-niche differentiation in two sympatric Streptopelia species
from a North African agricultural area: the role of human presence. Ecol
Res. 2015;30(4):573-80.

Hanane S. Plasticity in nest placement of the Turtle Dove (Streptopelia turtur):
experimental evidence from Moroccan agroecosystems. Avian Biol Res.
2014;7(2):65-73.

Haut Commissariat aux Eaux et Foréts et a la Lutte Contre la Désertification
(HCEFLCD). Rapport Annuel de la Chasse Saison 2012/2013. 2013, p 38.

Page 10 of 11

Heath M, Borggreve C, Peet N. European bird populations: estimates and
trends. In: Birdlife conservation series no 10. Cambridge: Birdlife Interna-
tional/European Bird Census Council; 2000. p 160.

Herényi M, Garamszegi LZ, Hargitai R, Hegyi G, Rosivall B, Szollosi E. Laying
period and polygyny as determinants of annual reproductive success in
male collared flycatchers (Ficedula albicollis): a long-term study. Naturwis-
senschaften. 2014;101:305-12.

Isenmann P, Gaultier T, El Hili A, Azafzaf H, Dlensi H, Smart M. Oiseaux de Tuni-
sie. [Birds of Tunisia.]. Paris: SEOF Editions; 2005. p. 432.

Isenmann P, Moali A. Les Oiseaux d'Algérie. [Birds of Algeria.]. Paris: Société
d'Etude Ornithologiques de France; 2000. p. 336.

Kafi F, Hanane S, Bensouilah T, Zeraoula A, Brahmia H, Houhamdi M. Les
facteurs déterminants le succes de reproduction de la Tourterelle des
bois (Streptopelia turtur) dans un milieu agricole Nord-Africain. Revue
d'Ecologie (Terre Vie). 2015;70(3):271-9.

Knight RL, Smith DG, Gaudet DM, Ericsson AW. Nesting ecology of Mourn-
ing Doves in fruit orchards in northcentral Washington. Northwest Sci.
1984,58:230-6.

Legendre P, Legendre L. Numerical ecology. Amsterdam: Elsevier; 1998.

Lepage D, Gauthier G, Menu S. Reproductive consequences of egg-laying
decisions in snow geese. J Anim Ecol. 2000;69:414-27.

Lomascolo SB, Monmany AC, Malizia A, Martin TE. Flexibility in nest site choice
and nesting success of Turdus Rufiventris (Turdidae) in a montane forest in
northwestern Argentina. Wilson J Ornithol. 2010;122:674-80.

Magnan A, Garnaud B, Billé R, Gemenne F, Hallegatte S. La Méditerranée au
futur: des impacts du changement climatique aux enjeux de l'adaptation.
Paris: Iddri series; 2009.

Martin TE, Roper JJ. Nest predation and nest site selection of a western popu-
lation of the hermit thrush. Condor. 1988;90:51-7.

McCullagh P, Nelder JA. Generalized linear models, volume 37 of Monographs
on statistics and applied probability. London: Chapman and Hall; 1989.

McGarigal K, Cushman SA, Stafford S. Multivariate statistics for wildlife and
ecology research. New York: Springer; 2000.

Miller DA, Otis DL. Calibrating recruitment estimates for mourning doves from
harvest age ratios. J Wildl Manag. 2010;74:1070-9.

Ministere de I'Agriculture et de la Péche Maritime (MAPMFF). Note sur
lrrigation au Maroc. Retrieved on May, 2015. 2015. (www.agriculture.gov.
ma).

Mitchell MC, Best LB, Gionfriddo JP. Avian nest site selection and nesting suc-
cess in two Florida Citrus orchards. Wilson Bull. 1996;108:573-83.

Nichols JD, Percivalr HF, Coon RA, Conroy MJ, Hensler GL, Hines JE. Observer
visitation frequency and success of Mourning Dove nests: a field experi-
ment. Auk. 1984;101:398-402.

Peak RG. Forest edges negatively affect Golden-cheeked warbler nest survival.
Condor. 2007;109:628-37.

PECBMS. The State of Europe’s Common Birds, 2008. CSO/RSPB. Prague: Czech
Republic; 2010.

Peiro V. Aspectos de la reproduccion de la Tortola comun (Streptopelia turtur)
en Madrid. Mediterr Ser Biol. 1990;12:89-96.

Pimm SL, Gittleman JL. Biological diversity: where is it? Science. 1992;225:940.

Ponz A, Barba E, Gil Delgado JA. Population changes and breeding ecol-
ogy of the Cirl Bunting Emberisa cirlus in eastern Spain. Bird Study.
1996;43:38-46.

Quinn GP, Keough MJ. Experimental design and data analysis for biologists.
Cambridge: Cambridge University Press; 2002.

R Development Core Team. R: A language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical Computing; 2013.
(http//www.R-project.org.).

Rey PJ. Preserving frugivorous birds in agro-ecosystems: lessons from Spanish
olive orchards. J Appl Ecol. 2011;48:228-37.

Rivera-Mildn FF, Ruiz CA, Cruz JA, Sustache JA. Reproduction of Plain
Pigeons (Columba inornata wetmorei) in East-Central Puerto Rico. Auk.
2003;120:466-80.

Rivera-Mildn FF. Nest density and success of columbids in Puerto Rico. Condor.
1996;98:100-13.

Rocha G, Hidalgo S. La Tortola comun Streptopelia turtur. Analysis de los fac-
tores que afectan a su status. Badajoz: Universidad de Extramadura; 2002.

Rouxel R. La tourterelle des bois (Streptopelia turtur): synthese de données
bibliographiques en Europe orientale. Bulletin de liaison et d'information
d'OMPO (Oiseaux Migrateurs du Paléarctique Occidental)-Octobre.
2000;22:5-15.


http://www.jstatsoft.org/v22/i04/
http://www.jstatsoft.org/v22/i04/
http://dx.doi.org/10.1371/journal.pone.0059396
http://dx.doi.org/10.1371/journal.pone.0059396
http://www.agriculture.gov.ma
http://www.agriculture.gov.ma
http://www.R-project.org

Hanane Avian Res (2016) 7:4

Sanchez-Oliver JS, Rey Benayas JM, Carrascal LM. Local habitat and landscape
influence predation of bird nests on afforested Mediterranean cropland.
Acta Oecol. 2014;58:35-43.

Smith P, Heitjan F. Testing and adjusting for departures from nominal disper-
sion in generalized linear models. Appl Stat. 1993;42(1):31-4.

Sokos CK, Mamolos AP, Kalburtji KL, Birtsas PK. Farming and wildlife in Mediter-
ranean agroecosystems. J Nat Conserv. 2012;21:81-92.

Sperry JH, Peak RG, Cimprich DA, Weatherhead PJ. Snake activity affects
seasonal variation in nest predation risk for birds. J Avian Biol.
2008;39:379-83.

Suvorov P, Svobodova J, Koubovéa M, Dohnalové L. Ground nest depredation
by European black-billed magpies Pica pica: an experimental study with
artificial nests. Acta Ornithol. 2012;47:55-61.

Thévenot M, Vernon R, Bergier P. The birds of Morocco. Trin: British
Ornithologists'Union/British Ornithologists'Club; 2003.

Underwood AJ. Experiments in ecology. their logical design and interpretation
using analysis of variance. Cambridge: Cambridge University Press; 1996.

Page 11 of 11

Westmoreland D, Best LB. Effects of researcher disturbance on Mourning Dove
nesting success. Auk. 1985;102:774-80.

Wiley JW. Ecology and behavior of the Zenaida Dove. Omitol Neotrop.
1991,2:49-75.

Yahiaoui K, Arab K, Belhamra M, Browne SJ, Boutin J-M, Moali A. Habitat occu-
pancy by European Turtle Dove (Streptopelia turtur) in the Isser Valley,
Algeria. Rev Ecol (Terre Vie). 2014;69(3-4):234-46.

Yahner RH. Seasonal dynamics, habitat relationships, and management
of avifauna associated with farmstead shelterbelts. J Wildl Manag.
1983,47:85-104.

Zar JH. Biostatistical analysis. Englewood Cliffs: Prentice-Hall Inc,; 1984. p. 717.

Zarybnickéd M, Sedlacek O, Salo P, it’asmy’ K, Korpimaki E. Reproductive
responses of temperate and boreal Tengmalm’s Owl Aegolius funereus
populations to spatial and temporal variation in prey availability. Ibis.
2015;157(2):369-83.

Submit your next manuscript to BioMed Central
and we will help you at every step:

We accept pre-submission inquiries

Our selector tool helps you to find the most relevant journal

We provide round the clock customer support

Convenient online submission

Thorough peer review

Inclusion in PubMed and all major indexing services

Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Effects of location, orchard type, laying period and nest position on the reproductive performance of Turtle Doves (Streptopelia turtur) on intensively cultivated farmland
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study areas
	Field procedures
	Statistical analyses

	Results
	Clutch-size
	Hatching success
	Breeding success

	Discussion
	Conclusions
	Acknowledgements
	References




