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Abstract

Israel is well known as being one of the best sites in the world to enjoy birding, as hundreds
of millions of migrants, from hundreds of species, pass through the country twice a year along
the African-Eurasian flyway. A substantial portion of these species are water birds, that are
dependent on the availability of freshwater bodies along the route. Over the years, most
natural freshwater habitats in Israel were destroyed, damaged, or contaminated, as in many
countries around the globe. However, concurrently, over 4,000 reservoirs for floodwater and
treated wastewater were constructed across the country — 230 of which by The Jewish
National Fund (JNF). The very few studied conducted thus far on the diversity, richness, or
abundance of waterbirds in such artificial waterbodies indicate that irrigation reservoirs hold
significant potential to serve as alternative or complementary habitats, without compromising
on their infrastructural functions.

Realizing this promising potential is specifically important in arid and semi-arid regions, which
are facing growing water scarcity, especially those supporting major migratory bird flyways.
Furthermore, some of these reservoirs also hold potential for becoming birdwatching sites for
a wide array of visitors, thus contributing to local and regional economic development, as well
as to ecosystem services enhancement. Nevertheless, a review of the accumulated
knowledge reveals that no attempt has been made to identify the various factors that influence
the attractiveness of irrigation reservoirs to waterbirds and to potential visitors, that should be
considered in planning and management of such waterbodies as multipurpose infrastructure
that can also cater for the needs of various types of birdwatchers.



This research attempts to narrow the knowledge gap through identifying the factors affecting
diversity, richness, and abundance of waterbirds in small artificial waterbodies, as well as the
needs and preferences of potential visitors for infrastructure and facilities that should be
supplied in such birding sites. The study uses a mix of methods for data collection and
analysis, including: systematic literature review, empirical examining of correlations between
the physical, chemical, and biological characteristics of 66 selected reservoirs and the
abundance and richness of waterbirds; survey of needs and preferences conducted among
potential visitors; personal interviews with planners and managers of birding sites; and
analysis of several plans for existing birding sites and irrigation reservoirs.

The systematic literature review reveals that the knowledge on the factors influencing various
waterbirds' indicators in small fresh waterbodies in very partial, and that only very few initial
studies were conducted in irrigation reservoirs. Therefore, this study has a significant
contribution to the existing knowledge in this field.

Findings from the empirical study in 66 selected irrigation reservoirs reveals that the main
factors contributing to higher waterbird abundance are higher reservoir's planned area, more
moderate slopes of the waterbody's edges, more moderate average minimum temperature,
higher NDCI, and larger fishpond area within 1 Km radius from the reservoir. The main factors
contributing to higher waterbird richness were found to be larger water volume of the reservoir,
higher NDVI, NDCI, and PHYCO2, and larger fishpond area within 1 Km radius from the
reservoir. As to the number of INF recreation parks surrounding the reservoir, they were found
to negatively affect abundance while positively affecting richness.

In line with the findings across all reservoirs, the highest abundance and species richness of
waterbirds were observed in the following four reservoirs: Tirat Zvi, Ma'ale Gilboa, Maoz Haim,
and Gesher — all located in the Maaynot Valley along the primary seasonal migration routes.
Consequently, these reservoirs hold the highest potential for development as birding sites. A
comparison between these four reservoirs and all other reservoirs (62) revealed statistically
significant differences in the following environmental characteristics: lower elevation, higher
mean air temperature, lower mean monthly precipitation, higher mean water temperature,
lower NDVI values within 50 and 200-meter radii around the reservoir, greater proximity to
fishponds, and greater distance from major roads and human settlements within a 2-kilometer
range. These findings suggest that waterbirds prefer reservoirs situated along migration
routes, in low-lying, warm, and relatively arid areas, and in proximity to food sources such as
fish.

Based on these findings, several planning and management recommendations can be derived
to enhance the attractiveness of existing reservoirs to waterbirds in other geographic areas,
while considering the reservoirs' additional functional roles. The primary planning
recommendations include focusing on larger reservoirs, those farther from development
impacts (particularly settlements and busy roads), and those with less surrounding vegetation.
The main management recommendations include adding fish to existing reservoirs or
constructing small adjacent fishponds and increasing algal concentrations in the water (as
indicated by the two algal metrics found to have significant effects).



Regarding suitable infrastructure and facilities, we found that bird hides and observation decks
are considered the most important by the majority of visitors. However, birdwatchers also
emphasize the need for benches at observation points. Additionally, visitors highly value
shaded areas, a strong sense of personal security, easy access by car, paved roads, on-site
toilets, landscaped areas, large parking lots, and rental services of birding equipment.

The study highlights the factors that can be carefully incorporated, on a case-by-case basis,
into the siting, design, and management of SAWBSs for supporting multiple or focal waterbird
species, as well as various visitors. In that respect, the study contributes to the promotion of
national and international birding.

Finally, the study suggests several directions for future research, including the need to
examine additional water reservoirs in Israel, investigate differences between reservoirs
located within the same geographic regions, utilize aggregated data from bird surveys
conducted over multiple years, and focus on specific selected species. Furthermore, the study
recommends analyzing similar reservoirs in other parts of the world along migration routes
characterized by different climatic and cultural conditions, conducting preference surveys
among the general population (not limited to actual visitors), and examining the opinions and
attitudes of various stakeholders, such as farmers, water management entities, and nature
conservation organizations. Finally, it advocates for assessing the carrying capacity of
birdwatching sites in reservoirs for accommodating visitors.
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Abstract:

While natural fresh waterbodies are hecoming extinct, a few studies have
indicated that with appropriated nature-hased adjustments, small-scale
artificial waterbodies (SAWBs), such as the commonly used floodwater-
and treated wastewater irrigation reservoirs, hold significant potential to
serve as alternative or complementary habitats, especially in arid regions
along migratory flyways. To identify waterbird-specific planning
considerations, we performed a comprehensive systematic review
following PRISMA guidelines and a structured analytical framework, of the
multiple factors associated with abundance, richness, and diversity of
waterbirds in various small freshwater bodies. The study reveals
significant knowledge gaps, particularly regarding reservoirs, as many
factors lacked sufficient data on their influence, and the combined effects
of different factors remain largely underexplored. The sparse empirical
evidence has limited generalizability and transferability, due to conflicting
or inconclusive evidence, small spatio-temporal research scales, a focus
on specific species in specific locations, with specific management and
disturbance regimes, high methodological heterogeneity, and potential
hiases. Qur concise knowledge synthesis offers insights that can guide
future research. It also highlights the findings that can be carefully
incorporated, on a case-hy-case basis, into the siting, design, and
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The Influence of the Characteristics of Irrigation Reservoirs and their
Surrounding on Waterfowl Abundance and Richness in Israel

1. Introduction

The primary objective of this study was to explore the relationships between various
environmental factors and waterfowl abundance and richness in irrigation reservoirs across
Israel. The study encompassed 66 irrigation reservoirs from various geographical areas and
50 influencing factors.

2. Methods
2.1 Data Sources

Based on a wide range of sources, we compiled a dataset on various environmental
parameters collected in 2020 for 66 irrigation reservoirs. Waterfowl data were specifically
sourced from January 2020 census conducted by the Israel Nature and Parks Authority
(INPA). Data was collected from the following sources:

a) Government agencies (Water Authority, Ministry of Agriculture, Ministry of
Transportation, Ministry of Environmental Protection)

b) Israel Meteorological Service

c) Water management organizations (Water Workers' Organization, Mekorot-Israel
National Water Company)

d) Environmental organizations (KKL-JNF, Society for the Protection of Nature in Israel,
Hamaarag — Israel’s National Ecosystem Assessment Program)

e) Citizen science platforms (eBird)
f) Open-source mapping (GoogleMaps)
g) Government databases
h) Academic research papers
i) Satellite imagery (Venus, Sentinel, Landsat)
This comprehensive approach ensured a diverse and robust dataset for analysis.
2.2 Studied Variables
2.2.1 Dependent Variables
The study focused on two dependent variables:
a) Waterfowl abundance (number of individual birds)
b) Waterfowl species richness (number of bird species)

The data source for both variables was the INPA bird census conducted in January 2020.
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2.2.2 Independent Variables

We examined 50 independent variables potentially affecting waterfowl abundance and
richness in each reservoir during January 2020. These were categorized into six groups (Table

1):

a) Topographic and Physical Characteristics of the Reservoir, e.g., elevation (height
above sea level), reservoir area, water depth, water surface area, water volume.

b) Climatic characteristics, e.g., minimum and maximum annual air temperatures,
average annual water temperature, average annual precipitation.

c) Water Quality (January 2020), e.g., total Suspended Solids (TSS), PHYCO1,
PHYCO2, PHYCOZ3 (Indicators for phytoplankton or algal presence).

d) Vegetation Indices (January 2020), e.g., average NDVI (Normalized Difference
Vegetation Index), average NDCI (Normalized Difference Chlorophyll Index), area of
field crops and vegetables within a 500 m radius.

e) Surrounding Water Bodies (within 1 km radius), e.g., average NDWI (Normalized
Difference Water Index), total area of fishponds.

f) Anthropogenic Disturbances (within 10 km radius), e.g., number of JNF recreation
parks, distance from roads, distance from active airports.

Table 1. List of factors, according to category
Category and factor Data source
Topography and physical characteristics of the reservoir
1 Elevation (m above sea level) ALOS
2 Reservoir area* (January 2020) VENUS Imagery
3 Extent reservoir area (Dunam=0.001 sKm) (January 2020) VENUS Imagery
4 Reservoir depth (m) ALOS
5 Reservoir water surface area (Dunam=0.001 sKkm) ALOS
6 Reservoir volume (m? X 1000) ALOS
7 Reservoir planned area Ministry of Agriculture
8 Average slope of waterbody edges (°) ALOS
9 Min. slope of waterbody edges (°) ALOS
10 | Max. slope of waterbody edges (°) ALOS

Climate characteristics (January 2020)

11 | Average max. temp (°C) Israel Meteorological Service
12 | Average min. temp (°C) Israel Meteorological Service
13 | Mean monthly precipitation (mm) Israel Meteorological Service
14 | Average water temp. (°C) Landsat

Water Quality

15 | CBI (Cyanobacteria Index) VENuS Remote Sensing
16 | TSS (Total Suspended Sediments) VENuUS Remote Sensing
17 | TSM (Total Suspended Matter) VENuS Remote Sensing
18 | Chl (Blue/green Index) VENuUS Remote Sensing
19 | Chl-2B (Two band model) VENuS Remote Sensing
20 | Chl-3B (Three band model) VENuUS Remote Sensing
21 | NorChl (Normalized chlorophyl index) VENuS Remote Sensing
22 | PHYCO1 (Phycocyanin Index) VENuUS Remote Sensing
23 | PHYCO2 (Phycocyanin Index) VENuS Remote Sensing
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Category and factor

Data source

24 | PHYCO3 (Phycocyanin Index) VENuS Remote Sensing

Vegetation Indices (January 2020)

25 | Mean NDVI (Normalized difference vegetation index) within a radius of 50 m VENUS Imagery

26 | Mean NDVI (Normalized difference vegetation index) within a radius of 100 m VENuUS Imagery

27 | Mean NDVI (Normalized difference vegetation index) within a radius of 200 m VENuUS Imagery

28 | Mean NDVI (Normalized difference vegetation index) within a radius of 500 m VENUS Imagery

29 | Field crop and vegetables cover within the radius 500 m (%) Ministry of Agriculture

30 | Citrus groves cover within a radius of 500 m (%) Ministry of Agriculture

31 | Vegetable cover within a radius of 500 m (%) Ministry of Agriculture

32 | Plantation cover within a radius of 500 m (%) Ministry of Agriculture

33 | Citrus and plantation cover within a radius of 500 m (%) Ministry of Agriculture

34 | Toming’s Index (Concentration of chlorophyll-a in the water) SENTINEL 2

35 | Mean NDVI (Normalized difference vegetation index in the water) SENTINEL 2

36 | Mean NDCI (Normalized difference chlorophyll index in the water) SENTINEL 2

37 | EVI (Enhanced Vegetation Index in the water) SENTINEL 2

Surrounding water bodies

38 | Distance of the reservoir from the Mediterranean Sea shore (Km) Google Maps

39 | NDWI (Normalized Difference Water Index) above 0 value within a radius of 1 Km | VENuS Imagery

40 | Area of nearby waterbody within a radius of 1 Km (Dunam=0.001 sKm) Ministry of Agriculture

41 | Area of fishponds within a radius of 1 Km (Dunam=0.001 sKm) Ministry of Agriculture

Anthropogenic disturbances

42 | Number of JNF recreation parks within a radius of 1 Km JINF

43 | Distance from a main road (Km) OpenStreetMap, Israel

44 | Distance from regional roads within a radius of 2 Km OpenStreetMap, Israel

45 | Distance from local roads within a radius of 3 Km OpenStreetMap, Israel

46 | Distance from local roads within a radius of 4 Km OpenStreetMap, Israel

47 | Area of settlements within a radius of 2 km (Dunam=0.001 sKm) OpenStreetMap, Israel

48 | Number of airports within a radius of 10 Km Systematics Data Site

49 | Number of cellular antennas within a radius of 2 Km Systematics Data Site

50 | Annual average of Light pollution (nW/cm?2*sr) within a radius of 2 Km Hamaarag — Israel’s National
Ecosystem Assessment Program

* The polygon actual borders were established based on Vinus images and NDWI, supplemented by
images from Sentinel and Google.

2.3 Studied Area

According to the Water Authority, in 2023 Israel had over 4,000 reservoirs. To select relevant
case studies, reservoirs were initially filtered according to availability and quality of data from
bird censuses, as well as data regarding spatial, chemical, physical, and biological
parameters. Some reservoirs initially proposed by KKL-JNF were found to lack sufficient data
and were excluded from the final list. Conversely, additional reservoirs with the highest
availability of comprehensive data were included. Consequently, the final study focused on 66
reservoirs for which sufficient and reliable data were available (Appendix 1). It should be noted
though, that for 32 reservoirs, data was available on all 50 factors, while for the others, data
was available only on 31 factors.

The selected reservoirs are scattered over different regions of the country, mainly in the Golan
Heights, the Lower Galilee, the Jordan Valley, the Central and Western Galilee, the Hefer
Valley, the Southern Coastal Plain, and the Judean Lowlands (Fig. 1).
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Figure 1. Spatial layout of the 66 reservoirs included in the study

2.4 Statistical Analyses
The collected data was analyzed in two phases:

a) Phase 1. Pearson correlation coefficients were calculated to examine relationships
between waterfowl abundance and richness and each of the 50 independent variables.

b) Phase 2: A stepwise multivariable linear regression was performed to explain the
degree of influence of independent factors acting simultaneously on waterfowl species
abundance and richness. As data for 34 of the reservoirs was partial, we conducted
the following two regression analyses:

1. Using all 50 independent variables (performed for 32 reservoirs which had
sufficient data on all 50 variables).

2. Using 31 independent variables (performed for all 66 reservoirs).
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All statistical analyses were performed using SPSS software. The stepwise regression
analyses yielded several models that explained the relationships between the independent
variables and species abundance and richness in the reservoirs. In this paper we present only
the final models. We defined P<0.05 as statistically significant.

3. Results
3.1 Descriptive Statistics

The average waterfowl abundance was 798 + 2,122 birds (n=66 reservoirs), and the average
species richness was 11.6 + 11.0 species (n=66 reservoirs).

3.2 Pearson Correlations

The results of Pearson correlation coefficient (Table 2) indicate that six independent variables
had similar and significant correlations with waterfowl abundance and richness. Positive
correlations were found for average NDWI, fishpond area, reservoir water volume, and TSS,
while negative correlations were found for mean monthly precipitation and average NDVI
within a radius of 200 m around the reservoir. The fishpond area surrounding the reservoirs
within 1 Km radius showed the strongest correlation among the independent variables, with
both waterfowl abundance and richness (Table 2, Fig. 3).

Waterfowl abundance was also found to be positively correlated with reservoir planned area
and water depth whereas waterfowl! richness was also positively correlated with the number
of JNF recreation parks, reservoir water surface area and negatively correlated with the
distance from active airports, elevation, PHYCO2, and average NDVI 100 and 500 m radius
around reservoir (Table 2).
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Table 2. Pearson correlation between environmental variables and waterfowl species
richness and abundance (only significant correlations are shown)

Independent Variables Bird Abundance Species Richness
Topographic and physical characteristics of the reservoir
e Elevation r =-0.33** n= 66
e Reservoir planned area r =0.51*** n=52
e Water surface area r = 0.58** n=38
e Water volume r =0.45**, n=37 r=0.57** n=37
e Water depth r =0.36* n=37
Climatic characteristics
e Mean monthly precipitation r =-0.26* n=67 r=-0.44*** n =66
Water Quality (January 2020)
e TSS r =0.29* n=51 r=0.40*, n=51
e PHYCO2 r=-0.31*, n=51
Vegetation indices (January 2020)
e Mean NDVI within a radius of 500 m r=-0.28* n =66
e Mean NDVI within a radius of 200 m r=-0.27* n=66 r=-0.32**, n = 66
e Mean NDVI within a radius of 100 m r=-0.26* n =66
Surrounding water bodies
e Mean NDWI r = 0.49*** n=66 r = 0.62***, n=66
e Area of fishponds r = 0.60***, n=66 r =0.78** n=66
Anthropogenic Disturbances
e Number of JNF recreation parks r=0.30%, n =66
e Distance from active airports r=-0.29%* n=066

* 0.01<P<0.05 * 0.001<P<0.01;**P<0.001
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Figure 2. The positive and significant correlation of waterfowl abundance and richness with
fishpond area within 1 km radius around the reservoirs
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3.3 Stepwise Multivariate Regression

3.3.1 Waterfow!l Abundance

The model using all 50 variables explained 57% of the variation (R? = 0.57) and identified
reservoir planned area, maximum slope of the waterbody's edges, average minimum
temperature, and mean NDCI, as significant positive predictors (B > 0, Tables 3 & 4). The
model using 31 variables for all 66 reservoirs explained 39% of the variation (R? = 0.39), with
fishpond area positively (B > 0) affecting abundance, while the number of INF recreation parks
negatively (B < 0) affecting it (Tables 5 & 6).

Table 3. Summary of the final regression model predicting waterfowl abundance in 32

reservoirs in January 2020

Sum of Adjusted

Squares df Mean Square F R R Square P
Regression 7,963,565 5 1.990,891 11.22 0.79 0.57 <0.001
Residual 4,790,981 27 177,444
Total 12,754,547 31

Table 4. The significant coefficients comprising the final regression model predicting
waterfowl abundance in 32 reservoirs in January 2020

Unstandardized
Coefficients

Standardized
Coefficients

Independent Variables B Std. Error Beta t P
(Constant) -2,655.932 784.750 -3.384 0.002
Reservoir planned area 1.771 0.388 0.544 4.569 <0.001
Max slope waterbody sides 69.822 23.315 0.360 2.995 0.006
Average min, temp, 239.137 86.736 0.326 2.757 0.010
Mean NDCI 2,399.017 1,055.502 0.274 2.273 0.031
Table 5. Summary of the final regression model predicting waterfowl abundance in 66
reservoirs in January 2020
Sum of Adjusted R
Squares df | Mean Square F R Square P
Regression 122,227,501 2 61,113,751 22.36 0.64 0.39 <0.001
Residual 174,905,657 | 64 2,732,901
Total 297,133,158 | 66
Table 6. The significant coefficients comprising the final regression model predicting
waterfowl abundance in 66 reservoirs in January 2020
Unstandardized Standardized
Coefficients Coefficients
Independent Variables B Std. Error Beta t P
(Constant) 253.242 226.280 1.119 0.267
Area of fishponds 3.406 0.509 0.695 6.687 <0.001
Number of JNF recreation parks -707.690 282.455 -0.260 -2.505 0.015
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3.3.2 Waterfow! Richness

The model using all 50 variables explained 73% of the variation (R2 = 0.73), identifying
reservoir water volume, NDVI, NDCI, PHYCOZ2, and number of JNF recreation parks as
significant predictors, with NDVI negatively affecting richness (Tables 7 & 8). The model using
31 variables for all 66 reservoirs explained 60% of the variation (R2 = 0.60), with fishpond area
being the sole significant positive predictor (Tables 9 & 10).

Table 7. Summary of the final regression model predicting waterfowl richness in 32
reservoirs in January 2020

Sum of Adjusted R

Squares df Mean Square F R Square P
Regression 393.743 5 78.749 17.94 0.88 0.73 <0.001
Residual 114.132 26 4.390
Total 507.875 31

Table 8. The significant coefficients comprising the final regression model predicting
waterfowl richness in 32 reservoirs in January 2020

Unstandardized Standardized
Coefficients Coefficients
Independent Variables B Std. Error Beta t P
(Constant) -17.932 5.053 -3.549 <0.01
volume 0.002 0.000 0.650 6.464 <0.001
Mean NDVI -31.408 5.126 -0.880 -6.127 <0.001
Mean NDCI 29.299 7.305 0.531 4.011 <0.001
PHYCO2 18.727 4.621 0.508 4.052 <0.001
Number of JNF recreation parks 7.939 2.443 0.347 3.250 0.003

Table 9. Summary of the final regression model predicting waterfowl richness in 66
reservoirs in January 2020

Sum of Adjusted R

Squares df | Mean Square F R Square P
Regression 4,813.3 1 4,813.35 100.9 0.78 0.60 <0.001
Residual 3,100.1 65 47.69
Total 7,913.4 66

Table 10. The significant coefficients comprising the final regression model predicting
waterfowl richness in 66 reservoirs in January 2020

Unstandardized Standardized
Coefficients Coefficients
Independent Variables B Std. Error Beta t P
(Constant) 7.506 0.939 7.995 <0.001
Area of fishponds 0.020 0.002 0.780 10.046 <0.001
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3.4 Preferred Reservoirs

It was found that among all the reservoirs, there are four that have the highest abundance and
richness of waterbirds. These reservoirs are: Tirat Zvi (no. 21 in Figure 1 and Appendix 1),
Ma'ale Gilboa (no. 32), Maoz Haim (no. 60), and Gesher (no. 13) — all of which are located in
Hamaayanot valley, in the northern part of the country along the main seasonal migration
routes of the Great Rift Valley.

In a t-test comparing the four sites with the highest waterfowl species abundance and richness
to the other sites, it was found that these four sites significantly differ from the other reservoirs
(62) in the following environmental variables (Table 11): lower elevation, higher average air
temperature, lower mean monthly precipitation, higher average water temperature, lower
NDVI (indicating less green vegetation) values within 50 and 200-meters radii around the
reservoirs, greater proximity to fishponds, and greater distance from major roads and
settlements within a 2-kilometer radius. The findings regarding the influence of elevation,
average monthly precipitation, and proximity to anthropogenic disturbances on the abundance
and richness of waterbirds align with the results of the Pearson correlation analysis evaluating
the overall factors affecting all reservoirs (see Section 3.2).

Table 11. Environmental variables of the four reservoirs with the highest waterfowl species
abundance and richness (t-test)

Variable Group N Mean De\?it:t.ion t df P

Elevation 1.00 5.00 | -227.20 19.59 -8.927 | 63.754 0.000
2.00 61.00 | 131.74 306.49

Average max temp 1.00 5.00 16.94 0.29 4428 | 58.161 0.000
2.00 61.00 15.42 2.48

Monthly amount of rain 1.00 5.00 | 127.76 31.28 -3.264 64 0.002
2.00 61.00 | 242.47 77.60

Average water temp 1.00 5.00 10.81 2.94 3.512 10.908 0.005
2.00 56.00 4.82 8.11

Mean NDVI within a radius of 1.00 5.00 0.23 0.13 -2.125 64 0.037

200 m 2.00 61.00 0.37 0.13

Mean NDVI within a radius of 1.00 5.00 0.24 0.03 -2.374 | 22.957 0.026

50m 2.00 61.00 | 0.29 0.13

Area of fish ponds 1.00 5.00 | 1116.95 605.37 3.596 4,192 0.021
2.00 61.00 | 132.04 325.92

Distance from a main road 1.00 5.00 44.55 3.19 3.778 | 53.764 0.000
2.00 61.00 31.42 24.75

Area of settlements within a 1.00 5.00 | 548.01 233.25 -3.014 | 17.853 0.007

radius of 2 km 2.00 61.00 | 1015.89 |  897.64
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3.5 Summary of findings

The findings from the analyses presented in this chapter highlight the variables with the most
significant impact on the abundance and richness of waterbirds across all examined water
reservoirs, as well as specific reservoirs with the highest potential for development as
birdwatching sites. The findings suggest that waterbirds prefer reservoirs situated along
migration routes, in low-lying, warm, and relatively arid areas, and in proximity to food sources
such as fish. Additionally, the results indicate that the primary controllable variable is proximity
to fishponds. This variable was also identified in the regression tests as having the most
substantial effect on waterbird abundance and richness across all 66 reservoirs.
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Appendix 1. List of studied irrigation reservoirs
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Birdwatching Supporting Infrastructure Suitable for Irrigation
Reservoirs

1. Introduction

The American Birding Association (2010) defines birdwatching or birding as the activity of
viewing or watching birds for the purpose of recreation, either with the naked eyes or by view-
enhancing devices, such as binoculars and pods. Studies on birding expand this definition to
include educational purposes, as well as wildlife appreciation (Sekercioglu, 2002; Vas, 2017).
In recent decades, birding became a popular activity attracting various populations from both
within and outside the country. This phenomenon is called avitourism (Sekercioglu, 2002;
Biggs et al., 2011; Nicolaides, 2014; Steven et al., 2014).

Due to the rapidly growing market of avitourism, much effort has been invested in identifying
its economic potential and developing birding sites and trails (e.g., Cordell & Herbert ,2002;
Moss, 2004; Vas & Eagles, 2011; Barilla & Welford. 2014, Steven et al., 2014). Studies have
shown that birders are willing to spend large sums of money on ecolodges, reserve entrance
fees, and birding tours, especially in bird-rich areas, and that avitourism has a substantial
financial contribution to job creation and revenue generation to local communities around the
globe (Wiedner & Kerlinger, 1990; Becker et al., 2005; Biggs et al., 2011; Revollo-Fernande,
2015; U.S. Fish and Wildlife Service, 2016; Ocampo-Pen"uela & Winton, 2017; Callaghan et
al., 2018). For example, in a study conducted in the USA, the U.S. Fish and Wildlife Service
(2016) found that in 2016 there were 45 million birders that spent approximately 10 billion USD
on their trips and 29 billion USD on equipment. In another study, Revollo-Fernande (2015)
found that birdwatching in Canada generated about 256 million USD during 2000, while
birdwatching in Costa Rica generated about 410 million USD by the year 1999. Similarly, a
study carried out in Israel by Becker et al. (2005) estimated the potential economic value of
observing vultures at Gamla Nature Reserve at about 1.2 million USD. Studies also predict
that revenues will continue to grow. Thus, for instance, based on observed trends, Ocampo-
Pen“uela & Winton (2017) estimated that about 150,000 American birders, who would visit in
Colombia during the next decade, will potentially generate 47 million USD every year.

Concurrently to the growing popularity of birding, there has been an increasing research
interest in the various aspects associated with birding and birders. One of these aspects
relates to birders preferences for on-site supporting infrastructure and facilities. Although
several studies attempted to tackle this topic, no studies were found on the specific needs of
visitors to waterbirding sites. This study attempts to narrow the knowledge gap by examining
the preferences of potential visitors for supporting birdwatching infrastructure and facilities in
a specific type of freshwater bodies — artificial irrigation reservoirs. To tackle this challenge,
we used a mix of methods, including literature review of birders’ profile and motivations for
visiting birding sites, a field survey among visitors in such a birding site in Israel, and personal
interviews with planners and managers of several birding sites.
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2. Birdwatchers’ Profile

Several studies attempted to characterize and categorize birders, yet none of them referred
specifically to water-birders. Studies on birders’ characteristics (e.g., Hvenegaard, 2002; Chen
& Chen, 2015; Jorgensen et al., 2015; Janeczko et al., 2021) have found that most of them
are men, middle-aged, wealthy, more educated, very conscious to nature conservation, and
tend to be involved in conservation activities. The consciousness of nature conservation may
derive from the initial interest in birding, since nature experience, and bird-centered triggers
were found as some of the reasons that are related to initial involvement in birding
(Hvenegaard & Dearden, 1998; Kordowska & Kulczyk, 2015; Randler & Marx , 2022). Similar
characteristics were found among specialized birders in Israel (Kacal, 2018), most of which
are men, 46 years old and above, half of them have higher education, and most of them are
environmentally conscious.

Studies have also suggested various classification criteria of birders. Thus, for instance, based
on analysis of entries from birding blogs in UK, USA, Canada, Australia, and New Zealand,
Vas (2017) classified birdwatchers into four groups according to their companion: individuals,
couples, families, and friends. The researcher found that about 50% of study participants
travelled alone; 20% travelled as couples — most of them retired and older than the average
birder; 20% as families; and 10% as friends. Garrison et al. (2005) suggested that the disabled
should be related to as a different group.

Other studies attempted to categorized birders according to their motivations and commitment
(e.g., McFarlane, 1994; Scaott, et al., 1999; Hvenegaard, 2002; Scott & Thigpen, 2003). One
classification framework, which is widely recognized, was suggested by McFarlane (1994),
who classified birders into the four following groups based on the specialization criteria: (a)
casual birders, which constitute the largest group, have the lowest level of skills and
experience, have invested the least in equipment, and are motivated by appreciation of nature;
(b) novice birders, the second largest group, have greater skills and commitment than the
casuals, and are motivated by learning about birds and conserving the environment; (c)
intermediate birders, a much smaller group, are more skilled and committed than both casual
and novice birders, and are motivated by conservation and by the desire to improve their
birding skills and observe new or rare species; and (d) advanced birders, the smallest group,
have the highest skills and experience levels, and are motivated by the desire to improve their
skills and observe new or rare species. Vas & Eagles (2011) claim that birders in each of these
categories also differ in their travel patterns. The authors found that novice birders tend to
travel to closer destinations, while expert birders tend to travel much farther and take more
expensive trips. The latter are also known as twitchers (Connell, 2009; Nicolaides, 2014).

To summarize, studies have found that birdwatchers are a heterogeneous group. Although
there is no agreed upon classification framework, this study will adopt the classification
suggested by McFarlane (1994), as it has been referred to in several studies.

3. Factors Influencing Birders' Preferences
In order to promote birdwatching, it is rather important to study the push-pull factors influencing

birders, i.e., factors that may attract or prevent them from visiting birding sites or festivals.
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Motivators can be classified as those related to the biotic characteristics of the site (i.e., birds
and habitats), those linked to the supporting infrastructure and facilities, and those associated
with the surrounding context.

3.1 Bird- and Habitat-Related Motivators

Studies have found that bird- and habitat-related motivators include: potential of watching new,
rare, or particular bird species or biological events, such as migration (Garrison et al., 2005;
Jorgenson et al., 2015; Maldonado et al., 2018), habitat and avian diversity, species richness
and abundance (Garrison et al., 2005; Rothman, 2008; Steven et al., 2014; De Salvo et al.,
2022), and/or experiencing the sight and sounds of birds (Conradie et al., 2013; Jorgenson et
al., 2015). Consequently, birders prefer to visit sites that are perceived as rich bird habitats for
living, feeding, and breeding, such as wetlands* (Zarifian et al., 2013; Revollo-Fernande,
2015), which usually include a diversity of aquatic plants and waterbird species, as well as
exotic bird species (Connell, 2009; Do et al., 2015).

In addition, as birds’ occurrence, diversity, richness, and abundance, may vary by season,
there is a high seasonality of birding tourism. Most visitors are attracted to birding sites during
migration, wintering, and non-breeding periods, when the occurrence of birds increases
(Kerlinger & Brett, 1995; Duzgun & Asena, 2021). In Israel, for instance, Collins-Kreiner et al.
(2013) found that the number of visitors at the Hula Valley increases during fall migration and
wintering season, when birds' abundance is at its highest levels.

Bird-related motivators (e.g., watching new or rare birds; birds' diversity and abundance; and
seasonality in birding) are important for more specialized birders, i.e. advanced or expert
birders (Scott & Thigpen, 2003; Garrison et al., 2005; Stemmer et al., 2022).

3.2 Motivators Related to On-Site Supporting Infrastructure and Facilities

Infrastructure, facilities, and accessibility also influence birders motivation to visit specific sites
(Rothman, 2008; Steven et al., 2014; Kordowska & Kulczyk, 2015). Several studies have
emphasized birders’ concerns about site's accessibility and general infrastructure (e.g., trails,
roads, public transport, accommodation, restrooms, eating facilities), especially in remote
birding sites (Rothman, 2008; Garnaas-Holmes, 2014; Steven et al., 2014; Kordowska &
Kulczyk, 2015; Istomina et al. 2016). However, no study was found on the specific
infrastructure that can motivate waterbirding.

To address accessibility concerns, studies suggest developing comfortable and marked trails
(Ritsema van Eck, 1993; Istomina, et al., 2016; Stemmer et al., 2022), direct roads, and
parking spaces (Kordowska & Kulczyk, 2015). Istomina et al. (2016), for instance, suggested
that trails should be located on relatively flat surfaces and stable soils, and close to transport
routes to difficult-to-access sites. Studies also recommend developing a network of trails that
includes different routes for both beginners and experienced birders (Kordowska & Kulczyk,
2015; Istomina et al. ,2016; Castillo-Aguilar & Roa-Angulo, 2021). In such a network,

4 The Ramsar Convention (1971) defines wetlands as areas of water bodies, whether natural or
artificial, permanent or temporary, static or flowing water, fresh, brackish or salt, including areas of
marine water
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beginners’ routes should be shorter (2-4 km), on plain terrain, and with easy-to-access birding
sites, while routes for more advanced birders can be longer (4-10 km) and on harder paths
(Istomina et al. 2016; Castillo-Aguilar & Ro-Angulo, 2021).

Recommended infrastructure and facilities include observation towers, ground observation
points, observational blinds, educational paths, viewing platforms, and birding centers
(Garrison et al., 2005; Leshem et al., 2009; Collins-Kreiner et al., 2013; Garnaas-Holmes,
2014; Conradie et al., 2013; Kordowska & Kulczyk, 2015; Janeczko et al. ,2021). To minimize
the disturbance to birds, Collins-Kreiner et al. (2013) suggest concealed observation points
with partitions between the visitors and the birds.

Some on-site commercial facilities and services are also suggested. These may include
kiosks, which can also provide maps, leaflets, and information about the site (e.g., trails,
landscape, birds, wildlife-specific locations), and information boards and interpretive signs for
displaying information on plants and animals in the area (Garnaas-Holmes, 2014; Kordowska
& Kulczyk, 2015; Stemmer et al., 2022). Other commercial services can be renting bikes, tents,
binoculars, waders, or portable shelters (Kordowska & Kulczyk, 2015).

Studies have indicated that different types of on-site infrastructure and facilities attract different
birders' groups. More specialized birders (i.e., intermediate and advanced) give high priority
to the presence of specific birding facilities (e.qg., signs, trails, viewing platforms, hides, and
specialized guides) (Garrison et al., 2005; Vas, 2017; Stemmer et al., 2022), while less
specialized birders (e.g., casual or novice) prefer traveling to birding sites that include ease of
access and comfort amenities (e.g., accessible transportation, parking spaces,
accommodation, and good restaurants) (Scott & Thigpen, 2003; Vas, 2017).

Within the various groups, the specific needs of subgroups, such as families with small
children, couples, and disabled, should also be addressed. Vas (2017) found that families are
more interested in sites with easier accessibility, higher proximity to urban centers, more
comfortable accommodations, more food choices, and additional attraction aside from birding.
Regarding couples, Vas (2017) claims that when one partner is less interested in wild
attractions, the proximity to other attractions is important. As to disabled birders, Garrison et
al. (2005) recommend provision of the following infrastructure and facilities: for all disabled —
paved handicapped parking and universal access to picnic tables and restrooms; for
wheelchair users — a trail system that is wheelchair accessible (including wheelchair pull-outs
along the trails) and wheelchair ramps to observation towers; and for those who do not require
wheelchairs — placing benches at observation sites and at frequent intervals along the trails.

3.4 Motivators Related to the Surrounding Context

Many birdwatchers are also interested in participating in additional recreational activities
during their birding tours, such as wildlife observation, visiting local monuments, and
landscapes (Garrison et al., 2005; Maldonado et al., 2018). This is particularly important to
less specialized birders’ groups (e.g., casual birders and novice birders) (Scott & Thigpen,
2003), and to those traveling with their spouse or their families (Vas, 2017).
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Studies have also pointed out negative motivators for birdwatching, such as crime or
insecurity, socio-political instability, post-conflict areas, and arduous environmental conditions
(Scott & Thigpen, 2003; Steven et al., 2014; Ocampo-Penuela et al., 2017). Another negative
motivator is the birding trip cost, which was found to have a higher influence on less

specialized birders’ groups (Vas, 2017).

Table 1 summarizes the main birdwatching motivators mentioned in the literature according
to McFarlane’s (1994) four groups of birders, while Table 2 summarizes the motivators
according to subgroups within the various groups.

Table 1. Main birdwatching motivators for different groups of birders

Main Motivator Birders' group (McFarlane, 1994)
birdwatching (+ positive motivator; - negative motivator)
motivator Casual Novice Intermediate Advanced
Bird- and New species + + + +
habitat- Scott & Thigpen, Scott & Thigpen, Scott & Thigpen, Scott & Thigpen,
related 2003; Garrison et 2003; Garrison et 2003; Garrison et al., 2003; Garrison et
motivators al., 2005; Stemmer | al., 2005; Stemmer 2005; Stemmer et al., | al., 2005; Stemmer
etal., 2022 * etal., 2022 * 2022 etal., 2022
Rare, endemic + + + +
birds Scott & Thigpen, Scott & Thigpen, Scott & Thigpen, Scott & Thigpen,
2003; Garrison et 2003; Garrison et 2003; Garrison et al., 2003; Garrison et
al., 2005; Stemmer | al., 2005; Stemmer 2005; Stemmer et al., | al., 2005; Stemmer
etal., 2022 * etal., 2022 * 2022 etal., 2022
Bird diversity + + + +
Scott & Thigpen, Scott & Thigpen, Scott & Thigpen, Scott & Thigpen,
2003; Garrison et 2003; Garrison et 2003; Garrison et al., 2003; Garrison et
al., 2005; Stemmer | al., 2005; Stemmer 2005; Stemmer et al., | al., 2005; Stemmer
etal., 2022 * etal., 2022 * 2022 etal., 2022
Bird abundance + + + +
Scott & Thigpen, Scott & Thigpen, Scott & Thigpen, Scott & Thigpen,
2003; Garrison et 2003; Garrison et 2003; Garrison et al., 2003; Garrison et
al., 2005; Stemmer | al., 2005; Stemmer 2005; Stemmer et al., | al., 2005; Stemmer
etal., 2022 * etal., 2022 * 2022 etal., 2022
Bird richness + + + +
Scott & Thigpen, Scott & Thigpen, Scott & Thigpen, Scott & Thigpen,
2003; Garrison et 2003; Garrison et 2003; Garrison et al., 2003; Garrison et
al., 2005; Stemmer | al., 2005; Stemmer 2005; Stemmer et al., | al., 2005; Stemmer
etal., 2022 * etal., 2022 * 2022 etal., 2022
Biological events + + + +
(e.g., bird Scott & Thigpen, Scott & Thigpen, Scott & Thigpen, Scott & Thigpen,
migration) 2003; Garrison et 2003; Garrison et 2003; Garrison et al., 2003; Garrison et
al., 2005; Stemmer | al., 2005; Stemmer 2005; Stemmer et al., | al., 2005; Stemmer
etal., 2022 * etal., 2022 * 2022 etal., 2022
Seasonality + + + +
Scott & Thigpen, Scott & Thigpen, Scott & Thigpen, Scott & Thigpen,
2003; Garrison et 2003; Garrison et 2003; Garrison et al., 2003; Garrison et
al., 2005; Stemmer | al., 2005; Stemmer 2005; Stemmer et al., | al., 2005; Stemmer
et al., 2022* et al., 2022* 2022 et al., 2022
Motivators Site's + + + +
related to accessibility Scott & Thigpen, Scott & Thigpen, Scott & Thigpen, Scott & Thigpen,
on-site (roads, public 2003; Vas, 2017 2003; Vas, 2017 2003; Vas, 2017* 2003; Vas, 2017*
supporting transportation)
infrastructure | General + + + ¥
and facilities | infrastructures Scott & Thigpen, Scott & Thigpen, Scott & Thigpen, Scott & Thigpen,
(accommodatic_m, 2003; Vas, 2017 2003; Vas, 2017 2003; Vas, 2017* 2003; Vas, 2017*
restrooms, eating
facilities)

Parking spaces
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Main Motivator Birders' group (McFarlane, 1994)
birdwatching (+ positive motivator; - negative motivator)
motivator Casual Novice Intermediate Advanced
Scott & Thigpen, Scott & Thigpen, Scott & Thigpen, Scott & Thigpen,
2003; Vas, 2017 2003; Vas, 2017 2003; Vas, 2017* 2003; Vas, 2017*
Beginners’ + + - -
routes/trails Garrison et al., Garrison et al., Garrison et al., 2005; Garrison et al.,
2005; Vas, 2017, 2005; Vas, 2017, Vas, 2017; Stemmer 2005; Vas, 2017,
Stemmer et al., Stemmer et al., et al., 2022* Stemmer et al.,
2022* 2022* 2022*
Harder routes - - + +
Garrison et al., Garrison et al., Garrison et al., 2005; Garrison et al.,
2005; Vas, 2017, 2005; Vas, 2017, Vas, 2017; Stemmer 2005; Vas, 2017,
Stemmer et al., Stemmer et al., et al., 2022 Stemmer et al.,
2022* 2022* 2022
Observation + + + +
towers, ground Vas, 2017* Vas, 2017* Garrison et al., 2005; Garrison et al.,
observation Vas, 2017; Stemmer 2005; Vas, 2017,
points, et al., 2022 Stemmer et al.,
observational 2022
blinds, viewing
platforms,
Educational + + - -
paths Vas, 2017* Vas, 2017 Vas, 2017* Vas, 2017*
Birding centers + + - -
Leshem et al., Leshem et al., 2009* | Leshem et al., 2009* Leshem et al.,
2009* 2009*
Kiosks, which + + + +
can also provide | Garrison et al., Garrison et al., Garrison et al., 2005; | Garrison et al.,
information about | 2005; Vas, 2017* 2005; Vas, 2017* Vas, 2017; Stemmer | 2005; Vas, 2017;
the site, trails, et al., 2022 Stemmer et al.,
landscape, birds 2022
Rental services, + + - -
such as hiring Garrison et al., Garrison et al., Garrison et al., 2005; | Garrison et al.,
bikes, tents, 2005; Vas, 2017; 2005; Vas, 2017; Vas, 2017; Stemmer | 2005; Vas, 2017;
binoculars Stemmer et al., Stemmer et al., etal., 2022* Stemmer et al.,
2022* 2022* 2022*
Motivators Additional + + - -
related to the | activities (wildlife | Scott & Thigpen, Scott & Thigpen, Scott & Thigpen, Scott & Thigpen,
surrounding observations, 2003 2003 2003* 2003*
context visiting local
monuments)
Negative Cost - - - -
motivators Vas, 2017 Vas, 2017 Vas, 2017* Vas, 2017*
Insecurity - - - -
Scott & Thigpen, Scott & Thigpen, Scott & Thigpen, Scott & Thigpen,

2003; Vas, 2017

2003; Vas, 2017

2003; Vas, 2017

2003; Vas, 2017

* Assuming that these motivators are also important to other groups.
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Table 2. Main birdwatching motivators for different subgroups of birders

Birdwatching motivator

Birders' subgroup

(+ positive motivator; - negative motivator)

Individual birders Couples Families Birders with friends | Disabled birders
New, rare, endemic birds + + + + +
Vas, 2017 Vas, 2017 Vas, 2017 Vas, 2017 Garrison et al.,
2005~
Birds' abundance, + + + + +
richness, diversity Vas, 2017 Vas, 2017 Vas, 2017 Vas, 2017 Garrison et al.,
2005*
Biological events (e.g. bird + + + + +
migration) Vas, 2017 Vas, 2017 Vas, 2017 Vas, 2017 Garrison et al.,
2005~
Seasonality + + + + +
Vas, 2017* Vas, 2017* Vas, 2017* Vas, 2017* Garrison et al.,
2005~
Site's accessibility (roads, + + + + +
public transportation) Vas, 2017 Vas, 2017 Vas, 2017 Vas, 2017 Garrison et al.,
2005
General infrastructures + + + + +
(accommodation, Vas, 2017* Vas, 2017 Vas, 2017 Vas, 2017* Garrison et al.,
restrooms, eating 2005*
facilities, parking spaces)
Beginners’ routesi/trails - + + - +
Vas, 2017* Vas, 2017+ Vas, 2017+ Vas, 2017* Garrison et al.,
2005~
Harder routes + - - + -
Vas, 2017* Vas, 2017 Vas, 2017 Vas, 2017* Garrison et al.,
2005~
Observation towers, + + + + +
ground observation points, Vas, 2017 Vas, 2017* Vas, 2017* Vas, 2017 Garrison et al.,
observational blinds, 2005
viewing platforms
Educational paths, - + + - +
Vas, 2017* Vas, 2017* Vas, 2017 Vas, 2017* Garrison et al.,
2005*
Birding centers - + + - +
Leshem et al., * Leshem et al., Vas, 2017; Leshem et al., Garrison et al.,
* Leshem et al., 2009* 2005*
2009*
Kiosks, which can also + + + + +
provide information about Vas, 2017 Vas, 2017* Vas, 2017 Vas, 2017* Garrison et al.,
the site, trails, landscape, 2005*
birds
Rental services, such as - + + - +
hiring bikes, tents, Vas, 2017* Vas, 2017* Vas, 2017* Vas, 2017* Garrison et al.,
binoculars 2005~
Additional activities - + + - +
(visiting local monuments) Vas, 2017* Vas, 2017 Vas, 2017* Vas, 2017* Garrison et al.,
2005~
Proximity to urban centers - + + - +
Vas, 2017 Vas, 2017* Vas, 2017 Vas, 2017* Garrison et al.,
2005~

* Assuming that these motivators are also important to other subgroups.

This summary highlights the on-site elements that motivate all or specific groups of birders. It
shows that bird-related elements (e.g., abundance, diversity, rarity, migration) are important
to all groups of birders. All groups of birders also give high importance to the site's
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accessibility, general infrastructure (e.g., accommodation, restrooms, parking spaces),
observational towers, ground birding points, and information stations, and all groups consider
costs and insecurity as negative motivators. However, some elements are more important to
specific groups. For instance, harder routes are more important to intermediate and advanced
birders, as well as to individual birders and those who travel with their friends; while beginner
routes are important to casual and novice birders, as well as to couples and families. The latter
three groups also give higher importance to educational paths, birding centers, rental services,
additional activities, and proximity to urban centers.

4. Methods

Review of related literature highlights the needs and preferences of various visitors for
supporting infrastructure in birding sites. However, no study has focused on the specific needs
of visitors to waterbirding sites. To establish whether waterbird watchers in irrigation reservoirs
have different or additional needs and preferences for supporting infrastructure, we used two
main methods: (a) a field survey among visitors in a selected irrigation reservoir, in which
several facilities were developed for birdwatching; and (b) personal interviews with planners
and managers of birding sites in Israel.

4.1 Field Survey
4.1.1 The Questionnaire

The survey was based on a structured questionnaire that consisted from close-ended
guestions on the following issues: level of interest in birdwatching, reasons for visiting the site,
general participation in activities related to birdwatching, frequency of visiting birding sites,
preferences for types of birding sites, particular interest in waterbird watching, knowledge and
expertise regarding birds and birdwatching, visitation patterns, and companion, commitment
and willingness to invest time and money in birdwatching, the importance of bird-related
elements on-site, the importance of infrastructure and facilities on site, and socio-economic
characteristics.

Survey data was collected over a period of two years, during which the surveyor visited the
site 15 times during various seasons, days of the week, weekends, and holydays. To insure a
representative sample, the surveyor approached visitors from different genders and age
groups, as well as visitors with different travel companionship.

4.1.2 The Selected Site

The site that was selected for the survey is Mishmar HaSharon artificial irregation reservoir.
This reservoir is located in Hefer Valley in central Israel Menashe-Sharon region (Figures 1 &
2), within the boundaries of Hefer Valley Regional Council, and surrounded by agricultural
land. It stores overflow from the Alexander River in times of flood, which is used for crop
irrigation during the dry seasons. It was funded and constructed in 2009 by the Jewish National
Fund and is managed by the Afikei Emek Hefer Communal Water Company. In 2017, an
observation point (the Vickar scenic lookout, Figure 3) was built by the Jewish National Fund
on the south-western corner of the reservoir. As a first and rare initiative to develop on-site
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birding facilities in an irrigation reservoir, the shaded lookout attracts thousands of visitors who
come to watch waterfowl, mainly in weekends during the bird migration period.
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Figure 2. An aerial photo of Mishmar HaSharon Reservoir
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Figure 3. Vickar scenic lookout
4.2 Personal interviews with Ornithological Experts

The personal interviews were based on a semi-structured questionnaire, aimed at revealing
the point of view of planners and experts regarding the supporting birdwatching infrastructure
and facilities that are suitable to be developed in irrigation reservoirs, as well regarding the
criteria for assessing the suitability of irrigation reservoirs to be developed also as waterbird
watching sites.

5. Findings
5.1 Findings from the Survey Among Visitors
5.1.1 Characteristics of Survey Participants

Altogether, 300 visitors participated in the survey. 60% of them were male and 40% female.
Their median age ranged between 38 and 47 years. 99% of them are Jewish, with 89%
identifying as secular. Most participants (49%) hold a B.A., 24% have an M.A. or Ph.D., and
21% are high school graduates. As to income, participants reported their median gross
monthly income as "a little above average," with the average being 18,000 NIS (about 4,900
USD). 60% of the participants are employed or self-employed, while 12% are retirees.
Regarding residency, participants are fairly evenly distributed across four residence
categories: Rural (17%), small town (<50,000 residents) (22%), middle-sized town (50,000-
100,000 residents) (25%), and large town (>100,000 residents) (27%).

5.1.2 Bird-Watching Interest Levels Among Visitors

25% of the participants reported a low level of interest in bird-watching, 14% described
themselves as moderately interested, and only 6% identified as highly interested. Significant
positive Spearman correlations were observed between bird-watching interest and income (rs
= 0.34, n=216, P<0.001), education (rs = 0.36, n=267, P<0.001), and age (rs = 0.34, n=300,
P<0.001).
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45% of the participants (134 out of 300) expressed some level of interest in birdwatching. This
group was categorized as "birdwatchers."” The remaining 55% (166 out of 300), who showed
no interest in bird-watching, were categorized as "other visitors." Among the other visitors, the
gender ratio is nearly equal (48% male, 52% female). In contrast, the bird watchers have a
significantly higher proportion of males (76%) compared to females (24%) (X2 = 23.97, P <
0.001).

It was also found the birdwatchers are generally older, have higher levels of education, and
earn higher incomes compared to the other visitors (see Table 3). However, no significant
differences in residency type were found between the two groups.

Table 3. Demographic characteristics of birdwatchers and other visitors in the reservoir

Variable Birdwatchers Other visitors Mann-Whitney U Test
n=134 n =161 Z P
(median rank, (median rank,
mean rank) mean rank)
Age 2,2.69 3,3.35 3.23 0.001
Education 2,1.99 2,1.93 1.37 ns
Income 3,3.14 3,2.63 3.01 0.003
Type of residency 3,261 4,3.25 5.19 <0.001

Half of the bird watchers have been interested in birdwatching for less than 2 years, while the
other half have been interested for at least 3 years. When asked how many bird species they
could identify visually (without using bird guides or apps) and by voice (without using bird
guides or apps), the median response for both was 2 (on a scale of 1 to 3). This indicates an
ability to identify fewer than 25 bird species. Additionally, when asked to rate their expertise
level, the median response was 1 (on a scale of 1 to 4), reflecting a beginner or amateur level
of expertise.

It was found that birdwatchers are willing to travel 1-2 hours to bird-watching sites (median =
2 hours, on a scale of 1-4). They estimate spending less than 1,000 NIS (about 275 USD) per
year on birdwatching activities (median=1 on a scale of 1 to 4). Significant positive correlations
were found between their level of expertise and both the time they are willing to travel to
birdwatching sites (rs = 0.40, n=134, P<0.001) and their annual expenditure on birdwatching
(rs = 0.48, n=134, P<0.001).

Most birdwatchers (52%) visit birdwatching sites 1-3 times per year. In contrast, 24% visit less
than once a year, 15% visit 4-6 times per year, and 10% visit more than 7 times per year.
Preferences for birding sites vary, with 60% having no specific preference, 31% preferring
wetlands and waterfowl, and 9% preferring sites with terrestrial birds (X2 = 52.0, P < 0.001).
When asked about their interest in visiting additional birding sites at reservoirs, 45% of them
expressed high interest. However, the median response was 3 (on a scale of 1-4), indicating
intermediate interest (X2 = 63.9, P< 0.001).

Over the past year, 31% of the birdwatchers reported visiting various birdwatching sites, 17%
were interested in photography, 8% uploaded bird photos to social media, and 6% were
engaged in bird feeding. Birdwatchers also showed high interest (median=3, on a scale of 1-
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4) in observing as many bird species as possible, watching specific species, and hearing
various bird calls, and lower interest (median = 2, on a scale of 1-4) in high bird diversity,
habitat diversity, wintering birds, migrants, and rare species.

5.1.3 The Importance of Various Infrastructure, Facilities, and Services to Birdwatchers
Compared to Other Visitors

Birdwatchers and other visitors were asked to assess the importance of different infrastructure,
facilities, and services at birdwatching sites. The highest-ranked elements among
birdwatchers, with a median score of 4 (on a scale of 1-4), were observation decks, bird hides,
and benches at observation points. The first two elements also received high importance
rankings from the “other” group. However, this group also highly ranked shaded areas, a
strong sense of personal security, easy access by car, access via a paved road, on-site toilets,
landscaped areas, large parking lots, and birding equipment rental services, all with a median
score of 4 (Table 4).

Benches at observation points were the only feature that birdwatchers rated significantly
higher than the other group. Conversely, the other group rated several features significantly
higher than the bird watchers: shaded areas, a strong sense of personal security, easy access
by car, access via a paved road, on-site toilets, walking trails suitable for veteran birders, large
parking lots, birding equipment rental services, proximity to transport routes, guided activities
for children, various nearby restaurants, play facilities for children on-site, and access via
public transportation.
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Table 4. The importance of infrastructure, facilities and services in a birding site (n=134
birdwatchers; n=161 others)

Feature Group Mean Median SD Mann-Whitney U-
test
z P

Observation decks Birdwatchers 341 4 0.67 0.86 0.39
Others 3.23 4 0.96

Observation towers Birdwatchers 2.99 3 0.97 0.89 0.38
Others 3.07 3 1.00

Bird hides Birdwatchers 3.45 4 0.70 0.62 0.54
Others 3.34 4 0.86

Shaded areas on site Birdwatchers 3.25 35 0.91 2.89 0.004
Others 3.50 4 0.86

Benches at observation points Birdwatchers 3.40 4 0.77 2.51 0.012
Others 3.07 3 1.03

A high sense of personal security Birdwatchers 3.30 3 0.76 2.50 0.012
Others 3.41 4 0.95

Easy access by car Birdwatchers 3.28 3 0.80 3.52 <0.001
Others 3.50 4 0.89

Access via a paved road Birdwatchers 3.18 3 0.83 211 0.04
Others 3.30 4 0.98

Marked walking trails around the site Birdwatchers 3.13 3 0.90 0.49 0.62

suitable for beginner birders Others 3.01 3 1.09

Toilets on site Birdwatchers 3.12 3 0.99 4.84 <0.001
Others 3.56 4 0.89

Landscaped areas on site Birdwatchers 3.09 3 0.94 0.89 0.37
Others 3.14 4 1.05

Walking trails around the site suitable Birdwatchers 2.23 2 0.97 4.39 <0.001

for veteran birders Others 2.78 3 1.10

Information post on site Birdwatchers 2.78 3 0.99 0.98 0.33
Others 2.86 3 1.07

Guided birding tours Birdwatchers 2.88 3 1.00 0.07 0.95
Others 2.84 3 1.11

Large parking lots on site Birdwatchers 2.87 3 0.92 4.40 <0.001
Others 3.30 4 0.93

Picnic areas on site Birdwatchers 281 3 1.02 0.85 0.39
Others 2.91 3 0.99

Visitor center on site Birdwatchers 3.01 3 0.88 1.62 0.11
Others 2.73 3 1.20

Picnic tables on site Birdwatchers 2.74 3 1.06 1.69 009
Others 2.94 3 1.02

Birding equipment rental services Birdwatchers 3.31 3 0.75 2.48 0.013

(such as: binoculars, camouflage nets, | Others 3.44 4 0.87

tents, waterproof clothing, etc.)

Proximity to other leisure activities Birdwatchers 2.43 3 1.07 1.05 0.30
Others 2.57 3 0.97

Close to transport routes Birdwatchers 2.50 2 1.00 3.44 0.001
Others 2.91 3 1.09

Guided activities for children Birdwatchers 2.44 2 1.13 2.33 0.02
Others 2.75 3 1.16

Proximity to bike paths Birdwatchers 2.37 2 1.08 2.72 0.007
Others 2.04 2 1.14

Different types of restaurants nearby Birdwatchers 2.34 2 1.00 2.77 0.006
Others 2.68 3 1.12

Play facilities for children on site Birdwatchers 2.28 2 1.17 2.80 0.05
Others 2.67 3 1.14

Kiosk/food truck on site Birdwatchers 251 3 0.95 1.81 0.07
Others 2.71 3 1.13
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5.1.4 The Effect of Demographic Characteristics on the Importance of Various
Infrastructure, Facilities, and Services to All Visitors

We examined the effect of demographic characteristics on the importance given to various
infrastructure, facilities, and services for all visitors (including both birdwatchers and other
visitors). The only significant difference between males and females was observed in the
ranking of landscaped areas on site. Females rated it (mean + SD) at 3.22 + 1.01 with a
median of 4, while males rated it at 2.99 + 0.97 with a median of 3 (Mann-Whitney U-test, Z =
2.38, P =0.018).

We found that income significantly affected the ranking of many features related to
infrastructure, facilities, and services (Table 5). For example, visitors in the highest income
category (category 5 - way above average) ranked the importance of several features, such
as observation towers, bird hides, shaded areas, sense of security, and picnic areas, lower
than other visitors.

Age also played a significant role in ranking the importance of various features (Table 6). Older
visitors (aged >47 years, categories >4) tended to assign higher rankings to features such as
observation decks, observation towers, large parking lots, access via a paved road, and
birding equipment rental services. In contrast, younger visitors (aged <37 years, categories 1
& 2) ranked several features, including nearby restaurants, kiosks/food trucks on site, birding
equipment rental services, access via a paved road, and landscaped areas, significantly lower.
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Table 5. The influence of visitors' income on the importance given to supporting infrastructure, facilities, and services in a birding site
developed in an irrigation reservoir (n=251)

Feature Income Kruskal — Wallis
Mean + SD (Median) Test
1 2 3 4 5 H P
n =58 n =43 n =65 n =57 n =28
Observation decks 3.38+0.88 (4) 3.28+0.80 (3) 3.46+0.77 (4) 3.44+0.76 (4) 2.61+1.17 (3) 15.79 0.003
Observation towers 3.40+0.90 (4) 2.91+0.81 (3) 3.26+0.94 (4) 3.07+£1.02 (3) 2.43+£1.26 (2.5) 20.03 <0.001
Bird hides 3.57+0.65 (4) 3.35+0.69 (3) 3.55+0.71 (4) 3.42+0.78 (4) 2.75+1.21 (3) 14.98 0.005
Shaded areas on site 3.60+0.72 (4) 3.23+0.84 (3) 3.60+0.77 (4) 3.47+0.80 (4) 2.79£1.26 (3) 17.78 0.001
A high sense of personal security 3.5920.73 (4) 3.28+0.85 (4) 3.52+0.83 (4) 3.42+0.87 (4) 2.75%£1.24 (3) 14.77 0.005
Easy access by car 3.52+0.84 (4) 3.26+0.93 (4) 3.55+0.71 (4) 3.56+0.73 (4) 2.82+1.25 (3) 12.70 0.013
Marked walking trails around the site 3.05+£1.13 (3.5) 3.09+1.02 (3) 3.26+0.91 (4) 3.30+0.91 (4) 2.50+1.14 (3) 11.92 0.018
suitable for beginner birders
Toilets on site 3.66+0.79 (4) 3.37+0.87 (4) 3.45+0.92 (4) 3.51+0.85 (4) 2.68+1.31 (3) 17.79 0.001
Landscaped areas on site 3.26+0.97 (4) 3.16+0.95 (4) 3.25+0.97 (4) 3.16+0.98 (3) 2.50+£1.14 (2.5) 11.53 0.021
Walking trails around the site suitable for 2.83+1.09 (3) 2.67+1.06 (3) 2.71+1.04 (3) 2.44+1.02 (2) 1.93+1.09 (1.5) 14.97 0.005
veteran birders
Information post on site 3.09+1.01 (3) 2.79+0.89 (3) 3.02+0.99 (3) 2.86+1.08 (3) 2.32+1.22 (2.5) 10.58 0.032
Guided birding tours 2.98+1.08 (3) 2.7040.99 (3) 3.11+0.97 (3) 3.1240.97 (3) 2.43+1.17 (3) 12.37 0.015
Picnic areas on site 3.19+0.91 (3) 2.93+0.94 (3) 2.89+1.05 (3) 2.98+0.95 (3) 2.36+£0.99 (2.5) 13.44 0.009
Picnic tables on site 3.12+1.01 (3) 2.91+0.95 (3) 2.89+1.08 (3) 2.98+0.99 (3) 2.39+1.07 (3) 9.64 0.047
Birding equipment rental services (such 3.62+0.62 (4) 3.3320.72 (3) 3.57+0.75 (4) 3.4610.73 (4) 2.68+1.31 (3) 16.72 0.002
as: binoculars, camouflage nets, tents,
waterproof clothing, etc.)
Close to transport routes 3.14+0.96 (3) 2.704£0.94 (3) 2.75+1.16 (3) 2.68+1.04 (3) 2.18+1.16 (2) 15.13 0.004
Guided activities for children 2.84+1.15 (3) 2.65+1.13 (3) 2.77+1.12 (3) 2.88+1.18 (3) 1.96+1.00 (2) 14.02 0.007
Play facilities for children on site 2.90£1.17 (3) 2.70+1.12 (3) 2.60£1.20 (3) 2.47+£1.10 (2) 1.75+0.93 (1) 19.48 0.001

Notes:

Monthly gross income: 1 — Way below average; 2 — Slightly below average; 3- Average or close to average (18,000 NIS); 4 — Slightly above average; 5- Way

above average.

Only significant (Kruskal-Wallis H Test, P<0.05) features are indicated.
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Table 6. The influence of visitors' age on the importance given to supporting infrastructure, facilities, and services in a birding site developed in

an irrigation reservoir (n=294)

Feature

Mean = SD (Median)

Kruskal — Wallis

Test

1
n=76

2
n=61

3
n =53

4
n=23

5
n=42

6
n =39

H

P

Observation decks

3.32+0.77 (3)

3.00£1.07 (3)

3.25+0.88 (3)

3.65:0.57 (4)

3.40+0.70 (4)

3.56+0.72 (4)

13.26

0.021

Observation towers

2.93+0.97 (3)

2.75+1.08 (3)

2.91+1.10 (3)

3.57+0.59 (4)

3.1240.99 (3)

3.41+0.79 (4)

18.00

0.003

Bird hides

3.43+0.72 (4)

3.03+1.00 (3)

3.36:0.74 (3)

3.70+0.47 (4)

3.52+0.71 (4)

3.56+0.72 (4)

16.17

0.006

Benches at observation points

3.24+0.91 (3)

2.89+1.10 (3)

3.02+0.91 (3)

3.70+0.47 (4)

3.48+0.74 (4)

3.41+0.91 (4)

20.09

0.001

A high sense of personal security

3.32+0.88 (4)

3.00+1.05 (3)

3.38+0.86 (4)

3.65+0.49 (4)

3.60+0.73 (4)

3.59+0.64 (4)

16.71

0.0051

Access via a paved road

3.130.85 (3)

2.95+1.04 (3)

3.32+0.94 (4)

3.52+0.79 (4)

3.38+0.80 (4)

3.51+0.85 (4)

16.68

0.005

Marked walking trails around the site
suitable for beginner birders

3.03+1.05 (3)

2.69+1.10 (3)

3.26+0.90 (4)

3.22+0.95 (3)

3.14+0.98 (3)

3.28+0.86 (4)

11.88

0.036

Toilets on site

3.32+1.00 (4)

2.84+1.21 (3)

3.53+0.78 (4)

3.83+0.39 (4)

3.45+0.80 (4)

3.64+0.74 (4)

24.02

<0.001

Landscaped areas on site

3.04+1.01 (3)

2.74+1.12 (3)

3.17+0.98 (3)

3.39+0.84 (4)

3.2620.91 (4)

3.4420.79 (4)

14.25

0.014

Walking trails around the site suitable for
veteran birders

2.30£0.98 (2)

2.18+1.09 (2)

2.661.09 (3)

2.96:0.88 (3)

2.74+1.13 (3)

2.85+1.07 (3)

19.16

0.002

Information post on site

2.55+1.00 (3)

2.51+1.06 (3)

2.92+0.98 (3)

3.35+0.89 (4)

3.00+1.06 (3)

3.21+0.92 (3)

25.25

<0.001

Guided birding tours

2.70+1.07 (3)

2.48+1.12 (3)

2.89+1.03 (3)

3.22+0.95 (3)

3.12+0.92 (3)

3.21+0.95 (3)

18.69

0.002

Large parking lots on site

2.95+0.92 (3)

2.70+1.16 (3)

3.30+0.80 (3)

3.48+0.79 (4)

3.17+0.91 (3)

3.49+0.64 (4)

21.50

0.001

Picnic areas on site

2.97+0.94 (3)

2.52+1.11 (3)

2.89+1.03 (3)

2.87+0.87 (3)

2.81+0.94 (3)

3.21+0.95 (4)

11.84

0.037

Visitor center on site

2.87+1.02 (3)

2.49+1.12 (2)

2.83+1.11 (3)

3.22+1.09 (4)

3.00+0.99 (3)

3.05+1.05 (3)

11.79

0.038

Picnic tables on site

2.79+1.04 (3)

2.561.12 (3)

2.87+1.06 (3)

3.00+0.95 (3)

2.86+0.98 (3)

3.28+0.92 (4)

11.95

0.036

Birding equipment rental services (such as:

binoculars, camouflage nets, tents,
waterproof clothing, etc.)

3.32+0.77 (3)

3.03+1.06 (3)

3.43+0.75 (4)

3.61+0.50 (4)

3.57+0.70 (4)

3.62+0.63 (4)

15.36

0.009

Proximity to other leisure activities

2.46+1.08 (3)

2.13+0.94 (2)

2.60+0.97 (3)

2.78+0.74 (3)

2.45+1.13 (3)

2.92+0.93 (3)

16.97

0.005

Close to transport routes

2.58+0.97 (3)

2.44+1.15 (3)

2.85+1.03 (3)

3.04+0.98 (3)

2.55+1.13 (3)

3.28+0.97 (4)

19.22

0.002

Guided activities for children

2.70+1.07 (3)

2.48+1.12 (3)

2.89+1.03 (3)

3.22+0.95 (3)

3.12+0.92 (3)

3.21+0.95 (3)

19.46

0.002

Different types of restaurants nearby

2.3621.06 (2)

2.11+1.11 (2)

2.60£1.08 (3)

2.91+0.79 (3)

2.67+1.10 (3)

2.97+1.00 (3)

20.95

0.001

Kiosk/food truck on site

2.51+1.06 (3)

2.36+1.03 (2)

2.66+1.02 (3)

3.22+0.80 (3)

2.64+1.06 (3)

2.82+1.12 (3)

13.57

0.019

Notes:

Age (years): 1 - 18-27; 2 - 28-37; 3 - 38-47; 4 - 48-57; 5 - 58-67; 6 - above 68.

Only significant (Kruskal-Wallis H test, P<0.05) features are indicated.
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5.2 Findings from Personal Interviews with Ornithological Experts

We interviewed four expert birdwatchers and five planners of birdwatching sites to gather their
opinions on the various infrastructure, facilities, and services for visitors that are suitable to be
developed in irrigation reservoirs. Experts were also asked to suggest criteria for assessing the
suitability of irrigation reservoirs to be developed also as birding sites.

5.2.1 Recommended Infrastructure and Facilities in the Surrounding of the Reservoir

Access Ways and Parking: Most experts agreed that easy access for private cars is essential,
although gravel roads are acceptable. Arranged parking is necessary (depending on the site size)
and should be located in a sufficient distance from the birding area to minimize disturbance to the
birds. While accessibility by public transport is a desirable goal, it is often impractical at most
birding sites.

Leisure Activities, Accommodation, and Catering in the Vicinity: Experts generally believe that
accommodation is not necessary because distances in Israel are short. However, some feel that
nearby accommodation could encourage longer stays and enhance tourism at the site. Most
experts agree that restaurants are not required.

Proximity to Bike Paths: Opinions were divided over this question. Some experts view bike paths
as appealing to a different type of visitor that does not overlap with birders, while others believe
they provide a great option for accessing the site.

Proximity to Other Activities: Some experts argue that birdwatching stands alone as an activity,
while others think that having additional nearby activities could increase site visits.

5.2.2 Recommended On-Site Infrastructure and Facilities
As to on-site facilities, experts expressed the following opinions:

o Public toilets were deemed important.

o Picnic tables and areas were considered beneficial, especially with good site
maintenance. Clear instructions for visitors to take their trash are essential; otherwise, it
can detract from the experience.

e Shaded areas were considered very important.

¢ Ornamental gardening areas - opinions varied over this feature. Some believe that
creating suitable habitats for birds should take priority, followed by vegetation for natural
restoration, with ornamental gardening being a lesser priority, provided it is maintained.

o Children's play facilities - the majority feel that such facilities do not align with the site's
nature.

e Food kiosks were generally viewed as unimportant.

o Bike rentals - most experts believe they are unnecessary and do not fit within a birding
site; such facilities also require significant resources.
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Visitor centers — mixed opinions were expressed about such infrastructure. While some
experts do not see a need for them, others argue that they could enhance the site, though
they mention the associated high costs.

Information posts and guided birding tours: these were considered important, as many
visitors lack knowledge about ornithology.

Observation towers and decks — experts claimed that their importance depends on the
site's structure.

Bird hides and observation benches — these were considered as very important and
essential for an optimal bird-watching experience.

Birding equipment rental - some experts believe birders typically bring their own
equipment, while others note that many visitors arrive without proper gear and
consequently may feel disappointed.

5.2.3 Recommended Additional Facilities and Services

To improve visitors' experience and to cater for the needs of different groups of visitors, the
interviewed experts recommended to supply the following additional facilities and services:

Outdoor classrooms

Bird ringing stations

Appointment of a site supervisor/administrator
Natural habitats for birds

Accessible paths for individuals with disabilities
Bicycle parking facilities

Seating benches

Adjustments for bird photography

Informational signage

A dedicated website

Site conduct rules

Biological, ecological, and engineering information
Research initiatives

5.2.4 Criteria for Assessing the Suitability of Irrigation Reservoirs to Serve Also as Birding

Sites

The following criteria were suggested for choosing irrigation reservoirs to be developed also as
birding sites:

A reservoir designed to support vegetation growth along its edges

A large reservoir with structural complexity

Minimally engineered reservoirs

Adjustments to bird hides/observation points according to reservoir structure

Reservoirs with ample vegetation nearby that are neither too far nor too close to
settlements
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Reservoirs situated in environments that do not pose risks to birds (e.g., avoiding high

voltage lines and light/noise pollution)

Reservoirs integrated into natural landscapes

5.2.5 Conflicts that May Arise

The interviewees pointed out a few conflicts that may arise as a result of adding birding facilities
to irrigation reservoirs:

Potential conflicts between engineering requirements and the guidelines of BirdLife Israel
(formerly the Israel Ornithological Center)

Fish-eating birds creating conflicts with nearby fisheries and affecting water quality
Conflicts with flight restrictions

Visitor access issues concerning agricultural fields and plantations near the site

Water levels may fluctuate based on site operations and seasonal changes

Noise and disturbances caused by nesting birds in adjacent settlements

Safety considerations

The experts recommended a non-intensive development approach to minimize impact on the
natural environment. The also emphasized the importance of coordination with local authorities.
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