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AbSTrACT
This study of nesting and associated behavior patterns of Andrena patella was carried out at 27 locations with 

different landscape categories, from 2013 to 2016. The research areas chosen were generally flat or marshy areas. 
A total of 15 major nest aggregations were spotted and 120 nests were excavated. This species nests in soil, males 
emerge earlier than females, and mating occurred on flowers during the foraging season, in the 3rd week of May. The 
various nest and cell parameters showed low variability in the different years and different sites, but nest cell length, 
diameter and number varied significantly, as well as depth even at the same site. The nests were multi-cellular, oblique 
to horizontal, and cell shape was oval. The mating attempts of the pairs and copulatory behavior involved various 
steps which were completed in a very few seconds. The males appeared first on the flowers, near to the nesting site, 
and lived shorter than the females. The females started foraging in the 2nd to 3rd weeks of May and laid eggs in the 1st 
week of June. The adult phenology, egg placement, cell provision and larval feeding are described.
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sex ratios and food availability (GIOVANETTI 
and LASSO, 2005), as well as population genetics 
(KATERINA, 2013). However, detailed studies 
describing the different nest behavioral patterns 
of rear Andrenidae bees, at and inside the nesting 
burrow are quite rare. Nesting aggregation is a very 
interesting step from the insect’s solitary life and 
its social life strategy. Each female lays eggs in a 
separate nest in suitable habitats and behaves in a 

Introduction
Nest-building is an elementary behavior of 

organisms which have the innate tendency to build 
a nest (DEMERE et al., 2002). Insect nesting 
behavior includes the nest arrangement, nesting 
biology and brood development (BOHART and 
YOUSSEF, 1976; ROZEN et al., 2009; BARBOSA 
et al., 2013). The published studies focus on the 
different aspects of behavior: provisioning behavior 
and flight, reproduction rates (DANFORTH, 1991; 
BISCHOFF et al., 2003), time and energy costs, 
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season, the males of the A. agilissima attempt to 
find mates by positioning themselves at the sites 
where females are likely to be, specifically at the 
nesting site (GESLIN et al., 2016; PAXTON et al., 
1999). A. patella females, similar to stingless bees, 
are receptive to mating soon after leaving the nest 
when mature, and after mating once in spring, they 
permanently leave the nest (PAXTON et al., 1999). 
The male A. patella search for unmated females in 
the early blooming period on stone fruit flowers. 

The aim of this study was to expand knowledge 
about A. patella mating and nesting behavior 
patterns. This knowledge can contribute significantly 
to development of a strategy for efficient plant 
pollination and wild bee conservation. 

Materials and methods 
Studied organism. Andrena is the largest genus 

within the Andrenidae family, with about 1400 
registered species, but the real number might be 
around 2000 (MAYR and ASHLOCK, 1991). This 
genus, commonly called a mining bee, is spread 
all over the world, except in Oceania and South 
America (BAKER, 1995). Specimens are often 
brown to black, with mostly whitish, or rarely 
reddish, metallic blue or green abdominal hair 
bands. The females possess a broad velvety area 
called facial foveae between the compound eyes 
and the antennal bases, long scopal hairs on the 
trochanters of the hind legs, and a black triangle 
called the pygidial plate at the abdominal apex. The 
average body length of females is 13.75 mm. Males 
are smaller than the females, with an average body 
length of 11.01 mm (KUMAR and DEY, 2018). 
The genus Andrena is polylectic. Mining bees are 
short tongued and have an important role in plant 
pollination in areas where honeybees fail to pollinate 
because of extremely low temperatures. Both males 
and females emerge from the underground cells 
where they overwinter as pre-pupae. After mating, 
the adult females build the nest cells, which contain 
pollen mixed with nectar, upon which an egg is 
laid before each cell is sealed (KUMAR and DEY, 
2018). 

Habitat. A. patella needs a flat soil surface to nest 
on and it typically feeds on flowers from various 
fruit orchards. This bee forages close to the area that 

solitary manner (ALCOCK, 1975; TLAK GAJGER 
et al. 2014; TLAK GAJGER et al., 2015; DAR et 
al., 2017). In addition to the flat soil surfaces and 
marshy areas, the majority of bee species build their 
nests in several substrates, such as subterranean 
cavities, tree trunks, branches, rock crevices, brick 
walls, termite nests or active nests attached to 
branches (ROUBIK, 2006). The Anthophora pueblo 
were found to dig nests in hard sandstone rather 
than soft soil (ORR et al., 2016). The nest wall 
of Bombus pascuorum is made up of an intricate 
organic matrix, lined with calcific casts (PARKER 
et al., 2016) or with an organic lining for fossil 
bees (ROCHE et al., 2014). The nest architecture 
of A. patella consists of a single, main vertical shaft 
and several oblique to horizontal laterals, each 
terminating in a single vertical cell (DAR et al., 
2017). The morphology of the cell is distinctive, as 
it has a discrete wall separated from the substrate 
(ROZEN, 1993), with varied nest depths even 
at the same location (MILICZKY, 2016). In the 
species Oxaea austere, the nest is hard, in red 
lateritic soils with dense grass cover, with a long 
vertical shaft, and a radiating, horizontal tunnel 
connected to the vertical burrow (SARZETTI et 
al., 2014). Further, each nest is occupied by two 
active females, also containing older cells, with a 
spiral closure and an antechamber. After locating 
a suitable hole, the mated female begins to build 
little “cells” which are usually placed linearly along 
a tunnel, and stocks the oval shaped cells with a 
mix of pollen and nectar and lays an egg, closes 
each cell and starts on the next one, capping the first 
one. During their life time, most bees will go on to 
build more nests. A nest of Megachile rotundata is 
composed of a string of individual units, which are 
concave at the bottom (KEMP and BOSCH 2000; 
MILIUS, 2007). The females collect nectar and 
pollen, regurgitate the nectar provisions for their 
brood and then transfer the pollen that is attached 
to their scopa (MOUNTCASTLE et al., 2015). 
Each nest cell contains one pollen ball and one egg 
(PARKER et al., 2016). A. patella, A. barbilirbis 
and A. cineraria bees have been observed to reside 
in marshy fallow land near fruit orchards and build 
deep nests, with the cavity guarded by a tumulus 
(DAR, 2017). Further, during the active flight 
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can be used as a nesting site. Changing agricultural 
landscapes have reduced their natural habitats, so 
the species is limited to barren land, footpaths, and 
the edges of fields (DAR et al., 2018).

Study area. Nesting aggregations were 
investigated in 27 experimental locations, with 
altitudes ranging from 1613 to 2730 m above sea 
level. The area is covered with snow clad mountains 
in winters, and allows the growth of wild flowers 
during the spring and summer. The bee populations 
were studied from May to end July, for four 
consecutive years, in experimental locations of the 
Kashmir valley (Srinagar, Pulwama and Budgam), 
in India. In Budgam, the nest aggregations covered 
an area of 5.75 km  2; while in Srinagar and Pulwama 
the areas covered 2.90 and 3.74 km2, respectively. 
The survey was conducted in different valley 
landscapes and more preferably where the bee 
populations were situated on level ground along 
roads near apple and stone fruit orchards. 

Observations and measurements. The nesting 
activities were observed from May to July (2013 
to 2016) four days per week and three times per 
day commencing from morning (11:25 am, 2:10 
pm and 4:45 pm) to evening. Individual observation 
intervals lasted 30 minutes and the total time 
duration taken for recording the nesting activities 
was 360 minutes/week. The density of the nests in 
each location was determinated by measuring of 
a 20 by 20 cm2 of soil surface by measuring tape. 
Procedure was repeated minimum of 10 times per 
nesting aggregation. The nest density was measured 
from the 1st to the 2nd week of May 2013, 2014, 2015 
and 2016; and again, at the end of July each year. 
The nests were excavated using a sharp knife in 
mid-May and again at the end of July, observed for 
nest burrows, cells and depth. The light dust from 
the depth of the burrow and narrow cells were gently 
removed using an air pump. All bee specimens per 
nest were counted and collected in glass jars. The 
females’ activity at the nesting sites was monitored 
from 24th May to 5th June. Additional observations 
at these sites were made in the 2nd week of June 
(2014, 2015). 

The observations of the adult bees’ activity 
were measured by digital watch, in seconds. The 
temperature was measured in the shade using 

a mercury thermometer. In addition, notes on 
cloudiness and estimates of wind speed were made 
periodically, especially when changing conditions 
appeared to affect bee activity. The blocks of soil 
excavated containing burrows and cells were 
removed, and the dimensions of the cells and 
provision masses were determined to the nearest 0.1 
mm with a Vernier caliper. The cells containing eggs 
were counted, and pollen balls were weighed. The 
weights of the provision masses were determined on 
a 0.001 g digital scale using a Sartorius electronic 
balance. The nest wall, and the internal and external 
surfaces were observed by magnifying glasses. A 
measuring tape was used to record the depth of the 
nest, after the complete burrow had been excavated. 
At the end of June, the excavated nests contained 
eggs on pollen balls, situated in the oval cells. The 
larvae of A. patella were kept at room temperature 
in their nest cells. Cells were placed on a layer of 
soil in a tightly closed plastic container and the 
soil was moistened periodically to maintain higher 
relative humidity. 

Mating behavior. The foraging plants for the 
Andrena species during the early spring are stone 
fruit crops (Prunus avium and Prunus domestica), 
which bloom from mid-April in temperate areas of 
Kashmir. Generally, the adult females emerge at the 
end of the 2nd week of May (9th-12th), males in the 1st 
week of May (5th), nearly four to seven days earlier 
than females, and due to the floral cues, the females 
are attracted to the stone fruit flowers. The females 
remain continuously in the searching mood, moving 
from one twig to another in sunny, warm weather. 
From the 3rd week (17th) of May to the 1st week of 
June, 9 attempts (2nd, 4th, 9th,12nd,14th,16th,17th, 20th 
May and 3rd June) at mating were recorded under 
field conditions, near to the nesting sites, about 25 
m away from fruit orchards, at a mean temperature 
of 21 oC, relative humidity (RH) 75% and no wind. 
The bees were spotted on upper floral twigs, at 3.4 
meter from the ground, and were observed for a total 
of 25 minutes with a high-resolution clear quality 
and adjustable 20x50 binocular telescope (JM 
Bushnell Waterproof 20x Zoom, 20x50 prism). The 
observations were recorded from the approach of the 
male until mating ended. The male moves towards 
the female and touches her with his antennae. The 
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female stops moving and foraging, indicating her 
willingness to mate. Various phases involved in 
mating efforts consist of many successful struggles, 
such as: a) the pre-mounting phase, b) the mounting 
phase, c) the post-mounting phase, d) the copulatory 
phase and e) the post-copulatory phase all measured 
with respect to the time period during which the 
particular event took place. The copulatory phase 
involved various responses and struggles by many 
pairs. The stopwatch timer (Extech Instrument 
365515, Tanotis) with an accuracy of 0.01 second 
was kept on when an event occurred, and off when 
the event ended. 

Statistical analysis. The rough data from the 
experimental locations were analyzed using SPSS 
13.0 software (SPSS Inc., München, Germany) and 
R-software. We use the χ2 test, Tukey’s Multiple 
Comparison Test and Poisson’s Distribution. For 
variations of depth, principle component analyses 
(PCA) were performed, and the main variable 
factors were observed which comprised the major 
influence on the nest cell characteristics overall. As 
we changed the rate parameter (soil depth) λ, we 
changed the probability of seeing different numbers 
of cells in one interval: 

 
The actions of mating behavior were recorded, 

and the significance of various behavioral elements 
was estimated using the non-parametric Kruskal-
Wallis test, and Student’s t-test and logistic 
regression were used to test the success of various 
behavioral elements. The probability of all courtship 
sequences (moving from one behavioral step to 
another) were estimated by using the Markovian 
behavioral transition matrix for total frequency of 
transitions.

results
Fifteen nest aggregations were discovered 

during the blooming period of apple and stone fruit 
crops from 2013 to 2016. The center of the path 
was hard and compact without any grass, except the 
Cynodon dactylon runners around the nest burrow 
on flat ground. The sites were protected from the 
wind, and provided with a favorable microclimate. 

The nests of some other species e.g. Lasioglossum 
marginatum were also found in and around the sites 
in the same direction. The nests were observed on 
flat, leveled ground with scattered grassy patches in 
the 2nd week of May (11th May). Bee activity began 
to increase in the morning until the evening and 
later decreased, when the air temperature decreased 
at sunset. 36 surveys were performed to monitor 
nesting activity and in the 3rd (16th, 17th, 19th May) 
to the 4th week of May (21st, 26th, 27th May), the 
female activity around the nest burrow was at its 
maximum, compared to the beginning of May (1st 
and 2nd weeks) and the 1st week of June. In the 1st 

(6th, 7th) to 2nd (12th, 15th) weeks of June, the bees 
stopped foraging and started laying eggs. 

Behavior observations. Male individuals of A. 
patella were observed flying on 7th and 9th May (1st 

week) near the nest cavity. Due to the increase in 
air temperature, the average soil temperature (10 
cm below the surface) also increased from 2.75 
and 3.26 oC on 5th to 8th May to 4.43 and 5.66 oC 
on 9th to 11th May, respectively. Almost eight males 
were found flying in a zig-zag fashion on 7th (one 
captured), 8th (3 captured) and 10th (4 captured) of 
May, approximately 10 meters from the nesting 
sites, flying at 1.5 m to 2.33 m above the ground. 
During this flight pattern, the average air temperature 
values were 14.25 to 20.43 °C. From the 2nd week 
(13th onwards) of May, the activity of the bees was 
enhanced resulting in higher foraging activity. The 
males made short flights near the grass, bushes, 
the stems of fruit trees, along the branches, near 
flowers, apparently searching for females near the 
nesting locations. The results showed that during 
the active flight period of one month on sunny days, 
the males made flights at midday, above the ground 
near the nesting site, up to 5 to 12 meters away 
from the main entrance to the nest. The males were 
observed patrolling blooming cherry, apricot and 
apple trees, and various weeds and shrubs growing 
in various landscapes at variable elevations and 
degrees of slope. The earliest observations of males 
patrolling were recorded in the 2nd week of May (9th 
and 10th May) on cherry flowers. On average the 
males’ activities last until the 3rd week (20th) of May 
to the 2nd week of June, and they disappeared earlier 
than the females.
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The foraging activities of female A. patella on 
cherry trees were first recorded on 15th, 17th and 
18th of May (2013) between 10:30 to 2:20 hours, 
at a mean temperature of 19 oC, RH 75%, and calm 
wind. The females showed activity from 9:50 to 
16:30 hours. The orientation flights described a 
roughly round to figure-of-eight pattern around 
the nest. Sometimes the bees were oriented at 3 
to 4 m distance from the nest. The nest entrance 
remained open while the bees foraged. However, 
a soil plug was observed in a nest entrance on the 
three occasions, twice late in the day on 16st May 
after foraging had ceased, and once on 25th May 
when foraging had begun. The females had greater 
longevity than the males and disappeared in the 3rd 
week of June.

Immature stages and provision mass. During 
nest excavation, provision masses were observed in 
abundance at the lowest depth (30.48 to 45.72 cm) 
from main nest entrance. A total of ten complete 
provision masses were obtained from the nesting 
sites at the experimental locations. Almost all the 
examined masses were similar and consisted of 
firm and compactly packed pollen that had been 
moistened to a soft, flabby and doughy consistency, 
presumably by nectar. The study showed that 
nearly 7 provision masses were sub-circular with 
maximum diameter of 4.09 mm and had been 
placed the in lower end of the cells. On average, the 
masses were shaped into flattened spheres, 2.39 to 
2.43 mm thick and had a regular surface, free from 
perceptible projections, lumps and indentations. 
One mass was incomplete, 2.98 mm diameter, 
imperfectly spherical, with a smooth worked 
surface without lumps. Overall, 5 masses were 
complete, weighing 0.1321 g, 0.1354 g, 0.1476 and 
0.1698 g, while since one mass was incomplete it 
weighed only 0.0023 g. 

The eggs were markedly curved, slightly bent, 
creamy, smooth and oily, touching the provision 
mass on anterior and posterior sides. The posterior 
end of the egg was towards the lateral side of the 
provision ball, fixed in its worked surface; while 
the anterior end was towards the front axis of the 
cell, just making light contact. The axis of both the 
cell and the egg were parallel to each other. Among 
the total 16 eggs observed, one was 2.45 mm long 

and slightly less than 1.0 mm in diameter. However, 
larval feeding was not observed perfectly, but new 
substantially enclosed larvae lay on top of the 
middle part of the provision mass, with a long 
axis parallel to the cell axis. Feeding by the larva 
begins just beneath their head, which is towards 
the cell closure. Slowly, the orientation of the larva 
changed, generally when a considerable amount of 
provision mass had been consumed. The feeding 
continued, allowing the larva to reach progressively 
farther forward and downward at the front of the 
mass, while side to side movement of the head 
allowed it to reach farther laterally. In the lateral 
stages of feeding, the larva wrapped tightly around 
the remains of the provisions. 

Nest structure. The females spent the early days 
of the active season in the deep vertical burrow 
without cells. They deepened the nest burrows 
later, and subsequently distinct parts were formed, 
located slightly obliquely to the horizontal line. At a 
certain depth, the female built the first cell at the end 
of the burrow. The cell is oval, provisioned with the 
pollen load, and egg laying probably started in the 
1st to 2nd weeks of June. Inside the cell, one egg was 
laid on top of the pollen ball, and the cell entrance 
was closed with a soil plug. In the same nest burrow, 
at a different depth, the second cell was made at the 
new end of the burrow proximal to the first cell. 
The soil that is shaved off from the second cell may 
be used for the plug. On average, 5.04 cells were 
prepared for each burrow. The last cell is without 
a pollen ball, or is either un-worked or unpolished 
and without an egg. The upper nest burrow is 
vertical and oblique to the horizontal line, with 
an orientation varying from 43 to 48°. The study 
showed that both sections can gradually shift with 
the bending or waving of the burrow. Generally, in 
the case of hard clay loam soil, bending and waving 
were not observed very much; however, in soft 
and moist soils, burrow waving was observed. The 
cells were placed obliquely along the main burrow. 
The mean diameter of the nest entrance recorded 
was 2.99 mm; while the nest burrow is generally 
vertical, 2.83 mm in diameter, and 70.70 cm deep. 
The entrance is covered by a tumulus of 2.92 to 
4.19 cm in diameter. Each burrow mostly contains 
4 to 5 females and 1 or 2 males. These results are 
shown in Table 1. 
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Table 1. Nesting features of A. patella at different soil depths from the entrance surface.  
Significant differences at *P≤0.05.

Site No. Observation Soil depths (cm)

15.24 30.48 45.72 60.96
1 No. cells/nest 5.75 4.43 4.01 2.30
2 Brood cell length 12.34 11.75 9.54 7.71
3 Brood cell diameter 3.76 3.42 2.13 2.11
4 Empty cell length 6.17 5.43 5.21 4.00
5 Empty cell diameter 2.19 1.75 1.32 1.01
6 Cell shape oval, elongated oval oval oval

Tukey’s Multiple Range test *P = 0.021 *P = 0.043 *P = 0.049 P = 0.661

Table 2. Nesting characteristics of A. patella in various landscapes (2013-2016).  
Significant differences at *P≤0.05.

No. Nest characteristic 2013 2014 2015 2016 Mean ± SE

1 Flight season 2nd - 3rd week 
of May 2nd week May 12th May-26th 

May
15th May-25st 

May -

2 Nest site observed

Flat, level 
ground, grassy 
patches, 7-13th 

May

Flat, no grass. 
12th of May

Flat, hard, 
no grass, 1st 
week June

Flat, compact 
soil, 10th May -

3 Spatial distribution Aggregates Aggregation Aggregation/
scattered Aggregation -

4 Nest type Linear Linear Linear Linear -

5 Cell wall 2 layered, 
polished

1-2 layered, 
fine

2 layered, 
Polished Polished -

6 Shape of cell Oval - oval oval -

7 Orientation of cell Horizontal  
to 45-47 O

Horizontal, 
48 O - Horizontal, 

45 O -

8 Nest density (nest/m2) 13.34 10.46 10.70 9.91 11.1 ± 0.76
9 Diameter of entrance (mm) 2.22 3.20 2.87 3.67 2.99 ± 0.13
10 Diameter of burrow (mm) 2.45 3.26 2.31 3.33 2.83 ± 0.25
11 Depth of nest bottom (cm) 65.54 75.11 78.32 63.98 70.7 ± 2.91
12 Depth of cell (cm) 34.32 45.54 40.65 49.59 42.5 ± 1.86

13 Cell size a) Diameter (mm)
b) Length (mm)

3.02 3.43 3.11 3.01 3.14 ± 0.21
10.33 9.78 10.10 9.80 10.0 ± 0.46

14 Number of brood cells/nest 4.11 5.43 5.01 5.63 5.04 ± 0.41
15 Total empty cells/nest 2.98 2.11 2.28 3.10 2.62 ± 0.18
16 Pollen ball weight (mg) 12.21 13.09 8.91 10.90 11.2 ± 0.93

17 Egg a) Diameter (mm)
b) Length (mm)

0.45 0.49 0.42 0.46 0.46 ± 0.09
1.23 1.31 1.20 1.28 1.26 ± 0.04

Student’s t-test *P<0.05 *P<0.05 *P<0.05 *P<0.05
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Table 3. Courtship sequence of A. patella under field conditions. Significant differences at *P≤0.05

Male response Attempts 
Duration 
(seconds)

Female 
response Attempts

Duration 
(seconds)

Male curled above 
female 3.33 ± 0.54 0.25 ± 0.33 Still - 8.21 ± 0.04

Forward movement, 
holding by forelegs 109 ± 4.76 10.3 ± 0.98 Foreleg 

movement 12.78 ± 0.84 3.33 ± 0.34

Hind leg holding and 
movement 65.67 ± 2.50 9.11 ± 0.01 Still - 5.50 ± 0.59

Head holding 
pronotum of female 34.12 ± 1.71 4.23 ± 0.31 Still - 6.32 ± 0.51

Male movement 
supported by hind 
legs

101.2 ± 2.98 5.54 ± 0.69 Hind leg 
movement 66.75 ± 0.50 13.23 ± 0.34

Hind legs touch 
genitalia 87.80 ± 4.29 12.4 ± 0.24 Still - 8.33 ± 0.50

Male relaxes his 
wings down and apart 21.11 ± 1.01 3.01 ± 0.71 Wing movement 21.32 ± 0.91 3.32 ± 0.04

Male makes aedeagus 
movement 3.36 ± 0.35 5.28 ± 0.55 Genitalia 

movement 4.33 ± 0.62 2.59 ± 0.37

Males movesgenitalia 
down 4.57 ± 0.39 3.32 ± 0.19 Upward 

movement 4.53 ± 0.60 2.33 ± 0.34

Genitalia introminant 3.46 ± 0.30 0.45 ± 0.43 Inseminated 0.56 ± 0.94 0.33 ± 0.15
0.0368 0.0401 - 0.0019 0.0498; Kruskal Wallis test *P<0.05

Table 4. Regression analysis (r) of the time interval (seconds) used in copulatory behavior of A. patella

  df SS MS F P 
Regression 1 293.61 293.61 15.80 0.004
Residual 8 148.61 18.57

Total 9 442.22    

Table 5. Probability of copulatory behavior events of A. patella under field conditions

Source of variation SS  df MS  F P F crit.
Individual behavior,  
all events 14309.82 9 1589.98 2.16 0.032194 3.178893
Male  
+ female behavioral events 5228.40 1 5228.40 7.13 0.025607 5.117355
Error 6598.88 9 733.20  -  -  -

Total 26137.11  19   -  -  -
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The mean depth of the cells is 38.03 cm from the 
main outer entrance. When conducting ANOVA, a 
non-significant difference in nesting features across 
all the experimental locations was observed. The 
cells observed varied in length, diameter and mean 
depth from the main burrow. We studied several 
nest aggregations across the sites, and 120 nests 
were excavated for exhaustive study. Therefore, 
after conducting the χ2 test the estimated value 
was 36.23 at 16 df (26.296), P≤0.05. A statistical 
significance was found between various nest 
characteristics (Table 2), P<0.05. The nest cell 
number and diameter and length varied with 
different depth categories, and total cell occurrence 
varied with the depth class of the soil horizon, as 
shown by Poison’s probability distribution (Fig. 
1). Further, nest cell parameters were statistically 
significant across different soil depths, except 60.69 
cm, P = 0.661. 

Copulation and mating. On 15th of May, a mating 
pair was observed at 2:30 pm, on a sunny warm day 
at a temperature of 17 oC and humidity of 78%. The 
pair rested on a leaf for about 5 minutes, 3 m above 
the ground, less than 15 m from the nesting site. The 
male grasped the female with his legs, curled above 
the female and intermittently vibrated his wings. 
After mounting the female, the male curved his 

abdomen apex ventrally and inserted his genitalia 
into the female’s reproductive orifice. The male 
exhibited forward movement several times, but the 
female showed no particular movements. In all of 
the mating attempts observed, the behavior was 
initiated by the male, and the male tried to copulate 
with the first female found near the nesting site, on 
flowers. During all the observed courtship attempts, 
the female’s reaction involved a slight shaking of 
her body, and movement of her fore-legs, antennae, 
wings and genitalia. The various events in the 
mating behavior are presented in Table 3.

On average, cell provisioning activity was 
observed in the 3rd week of May when 22 bees 
were found to return to their nests with pollen. 
From the experimental location in Budgam, of the 
4 females obtained after the nest excavation on the 
4th week of May 2015, 3 were already inseminated. 
The mating period of A. patella was the 3rd week 
of May. Synchronously, several females were seen 
to fly to and from the nest site, and some crawled 
and alighted on the ground in search of a suitable 
nesting site. Several males were flying around on 
the nest site. All possessed nectar and pollen in 
crops and were inseminated. The mating behavioral 
elements were analyzed in terms of duration, and 
the estimated χ2 value was 5.99 at 5 df (14.744), 

Fig. 1. Nest cell (empty and brood cells) occurrence at various soil depths. The Poisson distribution probability curve 
gives the probability of observing events at given depths. P - probability value; 1 inch = 2.54 cm.
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p<0.005. For copulatory behavior, the regression 
analysis of the various movements is given in Table 
4. Further, the data of frequency of copulation 
behavior did not follow a scholastic matrix, since 
the probability of male behavior was greater, and 
the females were still, the probability was >1. 
Following the Markovian behavior transition 
matrix, the probability of events was found to be 
0 and 1 (1st generation matrix), and the probability 
of a 2nd generation event was >25% (Table 5). 
Behavioral copulatory events showed that males 
are more proactive and aggressive than females. 

Discussion
The current study showed that the nests of 

A. patella were scattered over the flat areas, 
however, the majority of them were aggregated. 
The differences in the occurrences of nesting 
aggregations were probably influenced strongly by 
landscape composition, which in turn has a strong 
impact on the female bee’s ability to locate and 
obtain quality nesting and provisioning resources 
(CANE and TEPEDINO, 2016; RENAULD et 
al., 2016; SOH et al., 2016). Under the temperate 
conditions of the Kashmir valley, the emergence of 
A. patella started at the end of March and lasted 
until the first week of April. Bees rely on floral and 
nesting resources, and once these resources become 
scare, bees are more likely to use resources farther 
from their nesting sites, which may increase the 
nest’s vulnerability to cleptoparasites (GOODELL, 
2003; KRUNIĆ et al., 2005; SEIDELMANN et 
al., 2006; TLAK GAJGER et al., 2014; TLAK 
GAJGER et al., 2015), so resulting in a reduction 
in their spatial distribution across sites. In the 
current study, the nests formed dense aggregations 
within a range of about 12.50 km in length across 
all locations, generally between paths and adjoining 
grassy ground with compact clay loam soil. The 
maximum nest aggregations observed were in 
southern area of the valley, which is in agreement 
with ELSE et al. (2016) where A. clarkella nests 
were found on the southern sides, in marshy, dry 
and barren land. The nesting sites were dominant 
on paths made of hard clay loam soil, in the center 
of paths, with a mean nest density of 11.10 nests/
m2, which is in accordance with observations 

of ELSE et al. (2016). We observed a higher 
abundance of nest aggregations in experimental 
locations in Budgam, but overall the differences 
were non-significant across all sites over the four 
years of the study. However, the researchers found 
a highly heterogeneous pattern of bee profusion and 
spatial distribution across the landscapes (KOH et 
al., 2015). 

We observed an increase in bee activity with a 
rise in temperature, and the critical temperatures for 
flight of A. patella were 15 to 21 oC. However, the 
critical temperature for the flight of most Andrena 
species is 12 to 14 oC. The males were observed to 
fly around the nest until the 1st week of June (6th 
June). On average the female life span is for 49 to 
53 days while the males lived for nearly 34 days. 
This is in close conformity with STRAKA et al. 
(2014) where the length of life span from the first 
to last appearance was 38 days for Andrena vaga 
and 41 days for Anthophora plumpes, respectively. 
ROBBIRT et al. (2014) investigated how warming 
air by 2 °C increased the probability of male and 
female flight in Andrena nigroaenea, however, 
OLIVEIRA et al. (2016) and DRUMMOND (2016) 
reported that a change in temperature had a non-
significant effect on bee flight patterns. According 
to MICHENER and RETTENMEYER (1956), 
Andrena erythronii started short flights near their 
nests, and also suggested the importance of surface 
temperature, soil temperature, wind and sunshine 
hours for their flight activities. The orientation 
of the larvae changes continuously until feeding 
was completed, and this style of larval feeding 
and the movements and orientation of the larvae 
are also confirmed by the results of MILICZKY 
and OSGOOD (1995). The orientation of larvae 
changed gradually with their development. The 
change in their morphology was more rapid when 
an abundant provision mass was available and 
consumed. With the increase in larval size, the 
movement of the larvae increased rapidly from 
forward and downward at the front of the mass, 
with sideways movements of the head, and the 
larvae wrapped tightly around the remains of the 
provisions in the cell. Before larvae defecate, they 
rest on their dorsal surface with their head towards 
the mouth of the cell and tail towards the rear. 
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Once a larva defecates, the feces are placed against 
the rear of the cell. The feces deposits varied in 
thickness and color.

Up to nearly 10.16 cm in depth, the nest diameter 
does not vary much outside or inside, but later it 
becomes narrower. The external diameter of the 
entrance is more or less similar to the main burrow 
(internal) to a certain depth, but not as conspicuous 
as in Lasioglossum marginatum (DAR, 2017). 
SCOTT et al. (2016) observed that the nest depth 
of Andrena crataegi varied from 30 to 41 cm. Our 
study showed that at an average depth of 22.86 cm, 
each cell directly opened onto the main burrow 
through proximal tunnels, either alternately or 
unilaterally. 

During the current study, the foraging activity 
of the species started in May, and the males started 
patrolling the females during April. The males of A. 
patella have strong legs, they jump onto the females 
and grasp her abdomen with their legs, keeping 
their head in an erect, forward direction, the same as 
the activated female. According to SCHIESTL and 
AYASSE (2000), the cuticles of the young females 
elicits copulatory activity in the males, with the 
release of all-trans-farnesyl hexanonate and all-
trans-farnesol, a compound abundant in the cuticles 
of unmated females of A. nigroaenea which attracts 
the males. The males have developed specialized 
antennae to recognize minimal amounts of female 
sex pheromone (ROITBERG and ISMAN, 1992). 
The female sex pheromones are used to attract 
males, and to elicit territorial and courtship 
behavior in males (KRIEGER et al., 2006). In 
Osmia rufa, unmated females attract males using 
a sex pheromone that elicits intensive courtship 
behavior, during which males try to mount each 
other in their attempts to mate (CONRAD et al., 
2017). During the male’s attempts to introduce the 
edeagus into the female’s genital cavity, the female 
responds by touching the leaf with her ventral body 
surface. Overall, the females remain quite still 
during courtship and do not fly away.

Conclusion
A. patella bees nest in soil and feed on the 

flowers of fruit crops from early spring to summer. 
Bees rely on floral and nesting resources. The 

landscape has a strong influence on the differences 
in composition and the occurrence of nesting 
aggregations. The majority of the observed nests 
were aggregated, and a few of them were scattered 
over flat areas. During the four years of the study, 
foraging behavior, mating, nest and cell structure, 
the formation of the provision mass, egg placement, 
and larval feeding were observed as the main 
features of nesting biology. The values of all the 
observed features were similar in all experimental 
locations.

From the point of view of pollination, 
conservation of the habitat and habitat availability 
are important. Therefore, special emphasis in 
future studies should be placed on the habitat 
requirements, biology, second generation, seasonal 
activity and alternate foraging plants for this 
species. Moreover, the brood parasites and other 
threats that are harmful to this species need to be 
explored, as well as the effect of soil pollution on 
egg laying and overwintering. 
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SAŽETAK
Istraživanje gniježđenja i povezanih obrazaca ponašanja pčele Andrena patella provedeno je na 27 lokacija 

različitih krajobraznih kategorija, od 2013. do 2016. godine.   Odabrana područja istraživanja općenito su bila ravna 
i vlažna. Uočeno je 15 velikih agregacija gnijezda, a iskopano je 120 gnijezda. U vrsta koje su bile ugniježđene na 
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glinenom zemljištu mužjaci su se razvili prije ženki, a parenje se zbilo na cvijeću za vrijeme sezone paše, treći tjedan 
u svibnju. Različiti pokazatelji gnijezda i stanica pokazali su nisku varijabilnost u različitim godinama i na različitim 
lokacijama, no dužina stanica saća, njihov promjer i broj statistički su se znakovito razlikovali čak i na istom mjestu. 
Gnijezda su bila multistanična, kosa do vodoravna, a oblik stanica ovalan. Pokušaj parenja i kopulacijsko ponašanje 
uključili su različite faze koje su završene u nekoliko sekunda. Mužjaci su se prvi pojavili na cvijeću, blizu mjesta za 
gniježđenje, i živjeli su kraće od ženki. Ženke su počele s pašom drugi i treći tjedan svibnja, a jajašca su položile prvi 
tjedan u lipnju. Opisani su oblici odraslih jedinki, polaganje jaja, opskrba stanica i hranjenje ličinki

Ključne riječi: fenologija pčele Andrena patella; ponašanje; razvojni stadiji; proizvodnja peludi i nektara_____________________________________________________________________________




