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Abstract 

The sand martin (Riparia riparia), a bird with conservation value in Europe, is one of the species which interacts 

the most with gravel pits. Most of its populations in Europe are located in mining areas, and therefore, it depends 

critically on the management of these spaces. Nevertheless, their colonies are subjected to constant and rapid 

changes caused by mining activity. This can compromise the success of settled colonies in these mining areas. 

The object of this project was to promote the reconciliation between mining and conservation of the sand martin. 

To achieve this, two main actions were proposed. 

First, to study how to direct the location of the colonies of sand martins in gravel pits, so as not to interfere with 

the mining activity. To achieve this, two structures were created. They were simple, quick to build, low budget 

structures, made from material present in the gravel pit. The structures were a success, since both of them were 

colonized by sand martins. In addition, the rapid colonization of the stocks and the reproductive success of the 

colony were determined, which was essential to confirm the suitability of the actions. 

The proposed structures therefore can be a viable, rapid and inexpensive solution for managing situations where 

a rapid response to colonization by sand martins in gravel pits is necessary. 

In addition, a Guide for the Management of Sand Martins in gravel pits was developed.  This Guide aims to lead 

gravel pit managers in a clear way towards management actions for the sand martin. In addition, this guide will 

be applicable to any European gravel pit. This will allow coordination and synchronizing of conservation actions 

for this species throughout different areas. 

The experimental study which was carried out brought a lot of very relevant information and experience to 

develop the Management Guide for sand martins. The  document produced is a good starting point for managers 

in the extractive sector. 
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1 Final report 

1. INTRODUCTION 

The sand martin (Riparia riparia), a species with conservation interest in Europe, is one of the species which is 

interacts the most with gravel pits. These are very attractive spaces for the sand martins, which resort to them to 

breed in large colonies.  In fact, most of their populations are located in mining areas. However, their colonies 

are subjected to constant and rapid changes caused by mining activity. This can compromise the reproductive 

success for the colonies and, therefore, they depend critically on management done in gravel pits (Heneberg, 

2007; Heneberg, 2005; Lonchampt y Michelat, 1996; Garrison, et al., 1987).  

Objectives: 

The objective of this project is to promote the reconciliation of gravel pit activity and the conservation of sand 

martins. To achieve this, two main actions were proposed: 

1) Studying how to direct the location of the sand martin colonies at gravel pits, in such a way that they do not 

interfere with mining activity.  Most of the initiatives of habitat creation for sand martins are permanent and costly 

structures (Figure 1.1) (Hopkins, 2001; RSPB, NRA, TheWildlifeTrusts, 1994; Andrews & Kinsman, 1990). On 

the other hand, we propose a simple, easy to build, low budget structure, using only materials which are already 

present in the gravel pit. Also, the material can be recovered afterwards, since the structure is temporary. 

 

 

 

2) Developing a Guide for the Management of Sand Martins in Gravel Pits, to help guide gravel pit managers in 

a clear way towards management actions for sand martins. Also, this Guide can be implemented in any gravel 

pit in Europe, allowing synchronization and coordination of conservation actions for this species through different 

areas. 

Benefits for biodiversity, society and the company: 

The benefits of this project for biodiversity fall directly on the sand martins. This species has found new breeding 

areas in the gravel pits, and their management will determine the future of its populations (Mahler, 2003; SCV, 

Figure 1.1 This colony-building at the Attenborough Nature Reserve (Nottingham, UK), cost 65.312 euros 
and required fourth months of work (BBC News, 2014). 
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1998). Moreover, sand martins feed on insects, potentially offering the ecosystem service of biological pest 

control in the agricultural fields adjacent to gravel pits, as is the case of the Áridos Sanz gravel pit (Rey Benayas, 

2012). In addition, the management of this species provides the intrinsic value of conserving a protected 

species. Finally, this Guide will provide HeidelbergCement with a document to continue promoting its Biodiversity 

Strategy at gravel pits, with the advantage of being used internally by employees. 

2. STUDY AREA 

The project area is within the Municipal borders of La Cistérniga, Valladolid (Spain). It is located 703 meters 

above sea level and it is characterized by being a flat area dedicated to irrigated cultivation. In addition, it is 

close to the Duero Channel and has an artificial lake for private use, with an extensive plantation of poplar trees 

nearby. 

The climate of the area is mediterraneancontinental, the average annual temperature being 12.3 ⁰C. The annual 

maximum temperature average is 18.6 ⁰C and the minimum temperature average is 6.2 ⁰C. Furthermore, rainfall 

is scarce (although somewhat more abundant in spring and autumn), with an annual average of 435 mm. 

3. MATERIAL AND METHODS 

3.1) Construction of experimental stocks 

 
Table 1.1 Characteristics of the two experimental stocks built to host sand martin colonies. 

EXPERIMENT Stock 1 Stock 2 

Two locations With mining activity (more 
disturbance) 

Without mining activity (less 
disturbance) 

Vertical faces, oriented in four directions N S E W N S E W 

Two materials of fine grain (0/6 mm), and 
high compactness 

Crushed sand Sand 

Material in two heights Sand Crushed sand 

 

Stock design: 

The stock design is shown in the Figure 1.2 (Bachmann, et al., 2008; Lind et al., 2002; Heneberg, 2001). For 

more detail on the design, consult Section 1 of the Annex. 
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Figure 1.2 Diagram of the design of the experimental stocks. 

Compactness is a very important variable, because it can determine the success of colonization and 

reproduction of the sand martin (Smalley et al., 2013; Heneberg, 2003; Heneberg, 2009). The stocks we 

compacted with machinary driving over the stocks. Also, they were built during a rainy season, so the drying 

process of the stock helped compact the stock further. 

Once the stocks were made, small holes (“lures”) were dug on the faces. These were 5 cm in diameter, 5 cm 

deep, and separated at least by 20 cm from each other. The objective of this action was to promote colonization 

by sand martins and increase the attraction of the stocks for sand martins. 

The employees of the Áridos Sanz gravel pit participated actively in the construccion of the stocks. 1200 tons 

of material and 5 hours of work were required per stock. 

3.2) Monitoring of the experimental stocks 

Variable 1. Compactness: Compactness was measured for the stocks at the beginning of the reproductive 

period, because this is the key moment in which this variable can influence their colonization (Smalley et al., 

2013, Heneberg, 2003; Heneberg, 2009). A hand penetrometer was used, with a range of 0 to 1.0 kPa. The 

compactness was measured for each orientation and each material. To evaluate the influence the orientation 

(Bachmann et al., 2008) and type of material over the compactness of the stocks, an analysis of variance 

(ANOVA) was carried out. 

Variable 2. Orientation: Sensors for temperature (TºC) and relative humidity (RH) were used. The model was a 

HOBO Prov2 data logger, with a range between 40ºC to 70ºC and 0-100% RH. A sensor was installed for each 

orientation on both stocks, plus two in the exterior (control). Regarding the West faces, the data loggers were 

placed in both types of material for comparison. The data loggers were programmed to collect information during 

the three-month breeding period  of the sand martins (June to September). 

Variable 3. Influence of the lures: To evaluate the attraction effect of the lures, the lures ignored by sand 

martins and the lures that were actually used to build their nests were counted. With this information, a chi-

square analysis was performed to assess whether the effect of lures had conditioned the distribution of holes in 

the different orientations. 
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Variable 4. Location of the stocks: two locations were chosen, one with more mining activity and one with less 

mining activity, so as to assess the effect of the disturbance on the colonization of the stocks. 

3.3) Colonization of the stocks and reproductive success of the sand martins 

Several actions were carried out: 1) an analysis of nests which had been started, completed or  occupied in each 

stock was performed; 2) monitoring the activity of entrances and exits of nests at three different moments of the 

reproductive cycle, of 1 hour for each orientation; 3) exploring the nests with an endoscope; 4) searching for 

nests with droppings at the end of the breeding season. 

3.4) Monitoring of the hunting ground of the sand martin at the Áridos Sanz gravel pit  

A complete analysis of the use the sand martins made of the different areas of the gravel pit was performed 

through sampling stations (Annex, Figure 2.3). Determining the characteristics of the bodies of water used by 

the sand martins to feed was one of the objectives of these actions. This information will be very useful for 

managing gravel pits for this species (breeding colonies and hunting ground). 

3.5) Monitoring of an active face colonized by sand martins 

The activity of the entrances and exits of the sand martins from their nests at the active face was monitored 

twice, for an hour and a half. From this information, the nests in the colony which were used for reproductive 

purposes were established. This allowed comparing this colony with the colonies in the stocks. 

4. STATISTICAL ANALYSIS 

The data regarding the compactness of the stocks was statistically compared considering the type of material 

used (gravel, crushed sand, uncrushed sand), orientation (North, South, East and West) and the type of stock 

(Stock 1 and Stock 2) . The data was transformed to fit the assumptions of normality and homoscedasticity, due 

to failure of the assumptions of the Anova by the effect of a factor which was not analyzed. The level of 

significance considered was P <0.05. In turn, multiple comparisons of the studied variables were performed by a 

Tukey test (P <0.05). These statistical analyses were performed with the R program (R Core Team, 2013). 

A Chi-square analysis was conducted to determine whether the presence of lures had influenced the distribution 

of sand martins in the different orientations of the stocks. The level of significance was P <0.05. 

5. RESULTS 

5.1) Compactness 

The ANOVA results showed significant differences between the means of compactness of the two stocks (F(1,113) 

=93,60; P< 2e-16) and between the means of compactness of the types of material used (F(2,113) =36,19; P=7,11e-

13). Regarding the type of orientation, there were no significant differences (F(3,113) =1,896; P=0,134).  
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The multiple comparisons (Tukey test) allowed us to determine that the compactness in the Stock 2 (66,42  ± 

51,91 N/cm2) was lower than the compactness of Stock1 (117,42  ± 30,23 N/cm2). The aggregates (118,30 ± 

49,66 N/cm2) and crushed sand (62,95 ± 45,90 N/cm2) showed higher compactness than the uncrushed sand 

(62,95 ± 45,90 N/cm2). The compactness was similar in all four orientations of each stock (Figure 2.4, Annex). 

Therefore, the most interesting material to promote colonization of the sand martin at the beginning of the 

breeding season is crushed sand with a particle size of 0/6 mm. In addition, the drying process of the stocks 

(and the consequent increase in compactness) should be taken into account when preparing the necessary 

compactness for the colony and selecting the best time to build stocks as sand martins need low 

compactifications to dig their nests (Heneberg, 2009). 

5.2) Orientation 

Regarding the temperature inside of the stock, the patterns of Figures 2.6 and 2.7 of Annex were obtained. The 

humidity sensors were saturated practically from the start of the measurements and, therefore, the relative 

humidity measurements were discarded. 

The results of the measurements of both stocks compared to the external control correspond with the initial 

hypothesis: the average temperature (°C) of the North orientation was lower than in the South, and the East and 

West orientations showed intermediate values to the two previous ones (Annex Table 2.1). 

Figures in Annex 2.7 show that throughout the summer, the temperature inside the stocks followed the general 

trend of the exterior temperature. During the first months the temperature curves of the different orientations 

were very close to each other (the Sun shines on all the faces) and throughout the summer, the curves begin to 

separate (the Sun shines less on the North orientation). This could condition the second broods of the sand 

martins. 

Moreover, the temperature measurements for the orientations of both stocks were very similar (Figure 2.8a 

Annex) and there were no differences found between the temperatures between materials (Figures 2.8b Annex). 

It is important to highlight that the daily variation of the temperature outside was much greater than the variation 

within the stocks. That is, the stocks protect the nests from extreme temperatures, and this reflects the 

importance of the material of the stock in protecting sand martin chicks. 

Also, it is important to emphasize that the differences in the day-night temperature fluctuations of the stocks 

were opposite to the external data logger (Figure 2.9 in Annex). In other words, at night, when the temperature 

dropped outside, the temperature rose inside the stocks, and during the day the reverse happened. This is due 

to the "thermal inertia" of the material constituting the stocks. Detrital materials (sands and gravels) have the 

property to accumulate heat and then slowly emit it to generate a thermal wave which travels into the stock.  

It is what is called “offset and attenuation” of the outer thermal wave, which will be greater as the depth of the 

nest increases. Thus, the nest receives the temperature rise better and faster than the temperature drop. This is 
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why the difference between the maximum  temperatures was smaller than with the minimum temperatures. All of 

this maintains the habitat of the chicks in a "comfort zone", with more stable temperatures inside the stocks. 

The sand martins favoured the East orientation and, in the second place, the West (22 nests on the East side 

and 19 on the West). When analyzing the daily temperature variation, it is observed that the East and the West 

sides showed the most stable temperature fluctuations (Figure 2.9 in Annex). 

All the above emphasizes the protective role of stocks, which minimize the extreme temperatures in the nests. 

Sand martins seek the most stable and moderate temperatures possible, which provide greater comfort to the 

chicks. They take advantage of the thermal properties of the materials to make an "ecological architecture" 

during the construction of their nests.  

5.3) Colonization success and reproductive success of the colonies 

1. Effect of the lures 

It was observed that the lures made in both stocks had an effect of attraction for the sand martin (92% of the 

excavated holes were on lures, Table 2.2, Annex). Not only did they use the marks made expressly for this 

attraction purpose, they also used the incisions caused by the penetrometer when the compactness measures 

were taken (Figure 2.10, Annex). Therefore, this is a simple measure to attract sand martins that could be 

promoted among managers at gravel pit with sand martins. 

From the analysis conducted to assess the influence of the lures on the distribution of holes in different 

orientations, it was concluded that there are marginally significant differences (X2=7,04; P<0,071) between the 

expected and observed holes in each side. On the one hand, there is a clear preference for the East orientation 

of the stocks which exceeds the expected number of nests. On the other hand, in the South, the number of 

excavated nests was lower than was expected. Regarding the North and West orientations, the difference 

between what was expected and what was observed is minimal (Figure 2.5, Annex). 

The conclusion is that although with a marginally significant result, the sand martins selected different 

orientations regardless of the position of the lures. 

2. Colonization success and reproductive success 

It was determined that the experimental stocks were successful, since both were colonized by sand martins. The 

most successful was Stock 2 (Table 2.3, Annex). This may be due to a combination of factors, including the fact 

that Stock 1 was located in a busy mining area. 

Through the actions of this study, all the reproductive sand martins in the stocks and the facilities of the gravel pit 

were attracted to the experimental stocks, reducing the impact of mining activities on the sand martin colonies. It 

was demonstrated that the stocks not only were colonized, but they also allowed the successful reproduction of 

the sand martins. It is essential to ensure that the wild populations which were attracted to the artificial structures 
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really succeeded in breeding. If not, the consequences for the wild populations could be drastic, leading to their 

demise locally. 

The conclusion drawn is that the stocks were a success, which allowed the reproduction of the sand martins. 

5.4) Hunting grounds of the sand martins in the gravel pit 

The result of this monitoring is expressed in the Figure 2.3 and Table 2.4 of the Annex. On the one hand, the 

sand martins used some areas for nesting (stockpiles and slopes in the exploitation front) and other areas for 

feeding (water upwellings generated by the extractive activity and the activity of irrigation of the surrounding 

farmland). 

The water points which were mainly used by the sand martin were two: one large and shallow lagoon, and a 

small pond (Figure 2.11 of the Annex). Both were located in places free of tree vegetation. The bodies of water 

surrounded by trees were hardly used. 

The conclusion which can be drawn is that the sand martins are favored by the presence of ponds and lagoons 

in open areas without tree vegetation, and with high production of insects, such as shallow ponds. 

As for agricultural fields, an intense activity of sand martins was observed at the time of the prenuptial arrival of 

this species (which this year took place in early May). However, the fields were plowed and the presence of sand 

martins here disappeared, probably because of the lack of insects. 

This shows that agricultural fields can also provide food for sand martins, but it all depends on the management 

done in them. Sand martins could be favoring an ecosystem service in the agricultural fields: biological control of 

agricultural pests. 

5.5) Monitoring of the active face 

A colony of sand martins was detected in an active front of the gravel pit, located about two kilometers from the 

two experimental stocks. This colony presented 16 sand martin holes, of which 69 had reproductive activity. 

This colony was larger than the one at the experimental stocks, which could indicate that these structures could 

have a greater effect of attraction for the sand martin (Wanga, 2009; Jones, 1987). But it could just be that the 

active front had a larger surface area available for nesting, since the experimental stocks which were colonized 

before the active front were not abandoned once this new structure appeared, and this could indicate preference 

for the stocks. 

The vertical faces can be very interesting structures to promote sand martin colonization, because they can 

reach greater heights and lengths than the stocks, providing security against predators and a larger nesting 

surface area (Heneberg, 2013). Therefore, if there are faces with layers of fine materials available, they can also 

be used to create alternative breeding colonies. 
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6. CONCLUSIONS AND LESSONS LEARNED 

The sand martins are a good model for understanding the interactions between biodiversity and mining. 

The experimental structures were a success, since both had sand martin activity. In addition, the rapid 

colonization of the stocks and the reproductive success of the colony was determined, which is essential if we 

are to confirm the suitability of the proceedings. 

The proposed structures therefore can be a viable, rapid and inexpensive solution to manage the presence of 

sand martins in gravel pits. 

The experimental study contributed a lot of information and experience which was used in developing the Guide 

for the Management Sand Martins. The document produced is a good starting point for managers in the 

extractive sector. 

7. IMPROVEMENTS AND FUTURE STEPS OF THE PROJECT 

Using data loggers was a success, but the design of the holes in which to locate them could be improved, since 

water condensed and the RH could not be measured. It would be interesting to do the same actions, but with 

sand martins inside the nests or by using abandoned sand martin nests instead of artificial holes. This line of 

research should be continued because it allows an understanding of the basic mechanisms underlying 

preferences of sand martins and ways to manage the temperature and humidity conditions. 

It would have been interesting to have had more replications of the stocks, so as to obtain more statistical power. 

We propose creating two more replicas the next breeding season and monitoring the existing stocks for another 

year. This would allow study of the preferences of sand martins for older or newer structures. This would also 

allow study of regeneration measures of the vertical faces (Wanga, 2009), where small landslides might occur, 

preparing stocks for the following year.  
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To be kept and filled in at the end of your report 

Project tags (select all appropriate): 

This will be use to classify your project in the project archive (that is also available online) 
 

 
Project focus: 

x☐Biodiversity management 

☐Cooperation programmes 

☐Education and Raising awareness 

☐Endangered and protected species 

☐Invasive species 

☐Landscape management - rehabilitation 

☐Rehabilitation 

☐Scientific research 

☐Soil management 

☐Urban ecology 

☐Water management 

 
Flora: 

☐Conifers and cycads   

☐Ferns   

☐Flowering plants   

☐Fungi   

☐Mosses and liverworts 

 
Fauna: 

☐Amphibians   

x☐Birds   

☐Dragonflies & Butterflies   

☐Fish   

☐Mammals   

☐Reptiles   

☐Spiders   

☐Other insects   

☐Other species 

 

Habitat: 

☐Cave   

☐Cliffs 

☐Fields - crops/culture   

☐Forest   

☐Grassland   

☐Human settlement   

☐Open areas of rocky grounds 

☐Recreational areas   

☐Screes   

☐Shrubs & groves   

☐Soil   

☐Wander biotopes 

☐Water bodies (flowing, standing)   

☐Wetland 

 

Stakeholders: 

☐Authorities   

☐Local community   

☐NGOs   

☐Schools   

☐Universities 
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ANNEX 
 

1.1 Design of the experimental stocks. 

Material: two types of available materials in the gravel were tested. The material was selected because of: 

having fines (unwashed sand); having a fine grain size (0/6 mm) (Smalley at el., 2013; Bachmann, et al., 2008.; 

Heneberg, 2001); one of them was crushed sand, which presented a higher degree of compactness; in addition, 

workers from exploitation recommended this material from sightings (in previous years) of sand martins using 

stocks of these materials at the gravel pit. 

Location: Initially the construction of 4 stocks was proposed, so as to compare different variables. However, due 

to lack of space, only two were built. The location depended on the availability of space in the gravel pit in 

industrial areas. The location of Stock 1 had active mining activity, and the location of Stock 2 was quieter, since 

there was not mining activity here. 

Design: 

- Three layers: Layer of aggregate at the base: to generate a stable base and prevent sand martins from nesting 

in the lower areas of the stock, thus preventing predation (Heneberg, 2013). Aggregate top layer: to protect the 

stocks, and nests. Central layer of sand: prepared to host the future colony, Figures 2.1 and 2.2 (Bachmann, et 

al, 2008; Lind et al, 2002; Heneberg, 2001). 

 

Figure 2.1 Design of Stock 1. 
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Figure 2.2 Design of Stock 2. 

- Inclination: As vertical as possible. Without this, sand martins would not arrive at the stock. Also, this prevents 

access to predators (Andrews and Kinsman, 1990). 

- Guidelines: Each stock had four orientations (North, South, East and West) to test orientation preferences 

(Bachmann et al., 2008). 

- Compactness: The stocks were compacted by machinery transit. They were also constructed during the rainy 

season, so the subsequent drying process helped the compactness of the stocks. Compactness is a very 

important variable, because it could determine the success of colonization and reproduction of the stocks. 

- Lures: small holes were excavated in each face. They were 5cm in diameter and 5cm deep, with a minimum 

distance of 20 cm. The aim was to encourage colonization by sand martins. 

- Resources: about 1200 tons and 5 hours per stock; 1 person. 

1.2 Monitoring sand martin hunting ground at the gravel pit. 

 

Figure 2.3 Location of the sampling points and transects to monitor the hunting ground of the sand martin. In 

green, points were the presence of this species was observed. 
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1.3 Statistical analysis 

 

Figure 2.4 Results of the Tukey test to analyze compactness. The compactness in the Stock 2 (66,42  ± 51,91 

N/cm2) was lower than the compactness of Stock1 (117,42  ± 30,23 N/cm2). The aggregates (118,30 ± 49,66 

N/cm2) and crushed sand (62,95 ± 45,90 N/cm2) showed higher compactness than the uncrushed sand (62,95 ± 

45,90 N/cm2). The compactness was similar in all four orientations of each stock . 

 

Figure 2.5 Comparison between expected nests and observed nests, of the Chi-square analysis for Stock 2. 
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1.4 Temperature analysis 

 

Figure 2.6 Results of the temperature measurements (°C) for the four orientations of Stock 1 compared to the 

exterior (control). South face: red; East face: orange; West face: yellow; North face: Dark Blue; Exterior: light 

blue. Measurements were taken every half hour. The chart reflects the period from June 1st to September 5th 

2016. 

 

 

Figure 2.7 Results of the temperature measurements (°C) for the four orientations of Stock 2 compared to the 

exterior (control). South face: red; East face: orange; West face: yellow; North face: Dark Blue; Exterior: light 

blue. Measurements were taken every half hour. The chart reflects the period from June 1st to September 5th 

2016. 
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Figure 2.8 - a (Right) Comparison between the two stocks for the North and West orientations. The North face 

sensor was placed in crushed sand for both stocks. 2.8- b (Left) The sensor of the West face was placed on 

uncrushed sand in the Stock 1 and on crushed sand in the Stock 2. 

 

Table 2.1 Mean, maximum and minimum Temperatures, for all of the orientations of both the stocks. 

Orientation MAX Tª Cº Min Tª Cº Mean Tª Cº 

Stock 1 East 30,75  17,89 26,32 

Stock 2 East 28,99 17,96 25,59 

Stock 1 North 27,75 16,68 24,08 

Stock 2 North 27,36 15,96 23,68 

Stock 1 West 28,42 16,56 24,66 

Stock 2 West 28,49 16,37 24,81 

Stock 1 South 33,89 21,87 29,67 

Stock 2 South 30,6 17,92 26,62 

Exterior 37,37 9,11 23,97 
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Figure 2.9 Daily cycle for Stock 2 and Exterior. The different thermal oscillation between the inside of the stock is 

much smaller than the one of the outside (greater variation). 

1.5 Effect of the lures 

Table 2.2 Total lures per orientation (including excavated lures on purpose and also marks left by the 

penetrometer), nests (holes) dug on lures, relative to the total of holes which were dug. 

 
Orientation Total lures 

Excavated holes on 

lures 
Total excavated holes 

STOCK 1 

EAST 17 1 4 

NORTH 16 0 0 

WEST 24 0 0 

SOUTH 15 0 1 

Total 72 1 5 

 
Orientation Total lures 

Excavated holes on 

lures 
Total excavated holes 

STOCK 2 

EAST 32 19 22 

NORTH 20 7 8 

WEST 36 17 19 

SOUTH 28 5 6 

Total 116 48 55 
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Figure 2.10 Detail of the lures on Stock 2, East, on the 6th of May and 10th of June 2016. Marks 23, 25 and 27 

are examples of lures which were excavated on purpose. Marks 17, 18, 19, 21 y 22 are incisions of the 

penetrometer. Sand martins used these last marks to build nests. 

1.6      Colonization and reproductive success. 

Table 2.3 Results of the holes with reproductive activity for Stocks 1 and 2.  

 Orientation 
Holes with observed 

reproductive activity 

Holes with reproductive activity 

determined later on 

Total holes with 

reproduction 

S
T

O
C

K
 1

 

EAST 1 0 1 

NORTH 0 0 0 

WEST 0 0 0 

SOUTH 0 0 0 

Subtotal 1 0 1 

S
T

O
C

K
 2

 

EAST 18 4 22 

NORTH 4 4 8 

WEST 12 7 19 

SOUTH 4 2 6 

Subtotal 38 17 55 

Total 
 

39 17 56 
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1.7       Monitoring of the hunting ground of the sand martin  

Table 2.4 Results of the observations at the sampling stations and transects, for each of the monitoring date 

carried out. This information corresponds to Figure 2.3 of this Annex. 

DATE 06/05/2016 20/05/2016 31/05/2016 23/06/2016 

Sampling point Nº Individuals Nº Individuals Nº Individuals Nº Individuals 

1 6 0 0 0 

2 7 0 0 3 

3 0 0 0 0 

4 0 9 12 7 

5 0 0 8 14 

6 0 0 0 0 

7 0 0 0 0 

8 0 0 0 0 

9 0 0 0 0 

10 0 0 0 1 

11 0 0 0 0 

12 0 0 0 0 

14 0 0 0 0 

15 0 0 0 0 

16 20 0 6 0 

17 11 0 15 5 

Transect Nº Individuals Nº Individuals Nº Individuals Nº Individuals 

1 0 0 - 0 

2 0 0 0 0 

3 50 0 0 0 

4 20 0 0 0 
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Figure 2.11 Images of the sampling points where sand martins were detected. A) Point 1: active stock. B) Point 

4: experimental stock 1. C) Point 5: large and shallow lake. D) Point 10: large and shallow lake (same as C). E) 

Point 16: small pond in open area. F) Point 17: active face.  
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