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Abstract

A portion of the former Lake Hula wetland (northern Israel) was re-flooded in spring 1994 and the physical,
chemical and biological developments within the resulting new lake and wetland complex (Agmon) was followed
closely by a multi-disciplinary scientific team. The first three years of study relating to Lake Agmon are reported
in this issue of Wetlands Ecology & Management. We provide in this paper a general background on the Lake Hula
Draining Project in the 1950s and the recent re-flooding and creation of the Agmon wetland.

Introduction

After nearly 120 years of planning, Lake Hula (Israel)
and its surrounding swamps were drained in the 1950s
to increase the farmable land area, eliminate the po-
tential for malaria and reduce evaporative water loss.
Over the following four decades, this drainage of the
Hula created serious ecological and agricultural prob-
lems, such as underground peat fires, soil subsidence
and inundation, loss of endemic species, and possi-
ble increased nutrient loading to Lake Kinneret, the
primary storage and supply reservoir for Israel’s fresh-
water needs. To ameliorate this situation, a small lake
(1 km2) and a network of ca. 90 km of shallow flood
and drainage canals were created to raise the mean wa-
ter table elevation in the region to within 75 cm of the
ground surface. This newly created lake and wetland
region have been named Agmon (from the Hebrew
word for bulrush,Scirpisspp., but also inferring small
lake).

This issue of Wetlands Ecology and Management
is devoted to scientific description of the first three
years of development of various aspects of Agmon,
ranging from biogeochemistry to fish and bird popu-
lations. Here, in this introductory chapter, we provide
a brief background on the Hula Valley and emphasize
the drainage of Lake Hula in the 1950s and subsequent

re-flooding of part of the valley in 1994, to create the
present wetland.

The Hula Valley

The Hula Valley in northern Israel before 1958 was the
site of Lake Hula, the northernmost of three natural
inland water bodies connected by the biblical Jordan
River. Because the Jordan Valley is endorheic, only
Lakes Hula and Kinneret contained fresh water, while
the Dead Sea, at the southernmost extent of the Jor-
dan River, is hypersaline. The Hula Valley, covering
177 km2 (25 km long by 6–8 km wide), lies within the
northern part of the Dead Sea Rift Valley (Afro-Syrian
Rift Series) at an elevation of about 70 m (Figure 1).
Thousands of meters of land subsidence during the
formation of the rift in the Pleistocene are still evident
by the steep slopes of the Golan Heights on the east
and the Upper Galilee (Naftali) mountains on the west,
which rise to 400–900 m in altitude (Horowitz, 1973).
Basaltic hills of about 200 m altitude originating from
late Pleistocene volcanic activity define the southern
border of the valley. The interception of these hills
with the Jordan River is commonly referred to as the
basalt “plug” because water drainage downstream into
Lake Kinneret was greatly restricted, thereby forming
the historic Lake Hula and its surrounding wetlands.
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Figure 1. Map of Israel showing location and appearance of the Hula Valley as it was prior to drainage of Lake Hula in the late 1950s. The
Hula Valley map was modified from Zohary and Orshansky (1947).

The valley to the north is delimited by a more gradual
transition to the elevated Lebanon Valley, also at about
200 m altitude.

The composition of the sediments accumulated on
the valley floor provides a view into the geological his-
tory of the region’s climatic fluctuations (Picard, 1952;
Horowitz, 1971, 1973, 1978). Overlying Pliocene
basalts of the valley floor are lacustrine sediments
composed of limnic chalk, clay and marls rich in
organic matter deposited during the Holocene and
Pleistocene. These lacustrine sediments extend over
450 m in thickness and indicate that a fresh water lake
existed at times, expanding in size and depth during

wetter periods. Two layers of peat sediments (one at
35–55 m deep and one at the surface extending down
to 8–9 m) delineate drier periods in which swamp
conditions prevailed. The most recent Lake Hula and
swamp complex was formed about 20,000 years ago
(Horowitz, 1973).

The contemporary climate of the Hula Valley is
Mediterranean, with hot, dry summers and cool, rainy
winters. However, unlike the moderate Mediterranean
climate of the Israeli coastal plains, the mountain-
enclosed topography of the Hula Valley leads to ex-
treme seasonal and daily temperature fluctuations. An-
nual rainfall varies greatly between different parts of
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the valley and ranges from< 400 mm in the south
up to 800 mm in the north. More than 1,500 mm of
precipitation (mostly as snow) falls on the Hermon
Mountains (>2000 m altitude), feeding underground
springs (the sources of the Jordan River) and giving
rise to much of the abundant water flowing through
the valley. The wind regime is dominated by regional
patterns in the winter, with occasional strong north-
easterly wind storms. Local warming and cooling
patterns produce daily strong westerly to northerly
afternoon winds in the summer.

Lake Hula and the Swamps

With a long history of human settlement dating back
to early prehistoric times, it is not surprising that Lake
Hula (also Huleh) has been referred to by many differ-
ent names (Karmon, 1953; Dimentman et al., 1992).
In the 14th century BCE, the Egyptians called the lake
Samchuna. In the 1st century CE, the historian Jose-
phus Flavius used Semechonitis, while in Aramaic the
lake was called Hulata or Ulata, and Yam Sumchi
is used in the Talmudic literature. In recent history,
the lake was called Buheirat el Hule in Arabic and
Agam Hula in Hebrew. In the scientific literature (e.g.,
Cowgill, 1969), the lake has been called erroneously
the Waters of Merom – a term specifically referring to
springs on the western side of the Hula Valley.

Before its drainage in the 1950s, Lake Hula was
5.3 km long and 4.4 km wide, and extended 12–
14 km2 (Figure 1). It was a shallow, pear-shaped
basin about 1.5-m deep in summer and 3-m deep in
winter. The area north of the lake was covered by
peat swamps with dense stands of papyrus,Cyperus
papyruswith several open-water ponds (Zohary and
Orshansky, 1942). Further to the north, in areas that
were waterlogged in winter but dry in summer, was
a zone of swampy meadows covered with grasses. A
belt of reeds (mostlyPhragmites) restricted to mineral
soils encompassed most of the lake and swamps. Al-
together, the lake and swamps covered up to 60 km2,
with large seasonal and interannual variations in size
due to changes in water level (Dimentman et al.,
1992).

About two thirds of the water flowing into Lake
Hula came from the Jordan River. The Dan, Hazbani
and Banias rivers, originating at Mount Hermon, con-
verged in the flat center of the Hula Valley to form the
Jordan River. Before draining of the Hula, the Jordan
River split again into three main deltaic branches be-
fore entering the swamps. The stronger and perennial

western branch, the Jordan River, crossed the swamps
and emptied into the lake. The two eastern branches,
Tura and Az Zawiya, had only winter flow and disap-
peared in the swamps. Other streams from the Golan
Heights, the eastern Galilee mountains and from ap-
proximately 70 springs in the Hula Valley itself also
fed the lake and swamps. From the lake’s outlet, the
Jordan River bisected the basaltic “plug”, flowing an-
other 18 km before emptying into Lake Kinneret. Lake
Hula probably functioned as a “pre-impoundment” to
Lake Kinneret, trapping substantial portions of the
heavy sediment and nutrient loads in the Jordan River
that today are washed into Lake Kinneret.

Lake Hula and the surrounding wetland was char-
acterized by high habitat and species diversity that
rendered it a key feeding station for migratory birds on
their route between Europe and Africa. According to
Dimentman et al. (1992), the Hula wetlands contained
the richest diversity of aquatic biota in the Levant
south of Lake Amiq (Antiochia), Turkey, which was
also drained at about the same time as Lake Hula.
Based on an extensive literature review and an exam-
ination of archived samples they listed 260 species of
insects, 95 crustaceans, 30 snails and clams, 21 fishes,
7 amphibians and reptiles, 131 birds, and 3 mammals.

The Hula Drainage Project

Although the concept of draining the lake and swamps
of the Hula Valley extends back to the 19th century, the
eventual Hula Draining Project commenced in 1951
(Karmon, 1953, 1960). The declared objectives even-
tually realized by the drainage project were the addi-
tion of arable land (by 60 km2), eradication of malaria
(by elimination of 50 km2 of mosquito habitat), and
increase in the water potential for the country (by
reducing evaporation losses by ca. 60–80×106 m3)
(Berechyahu, 1958). An additional objective of min-
ing and using peats for fertilizer and for industry never
materialized.

Completed in 1958, draining was achieved by two
main engineered changes to the hydrology of the Hula
Valley (Figure 2a). The Jordan River downstream of
the lake was deepened and widened, especially at
the basalt plug at the Bridge of the Daughters of Ja-
cob (Benot Ya’acov), to allow the outflow of larger
quantities of water. In the swamp region north of the
lake, the Jordan River was diverted into two newly
dug peripheral canals, the East Canal and the West
Canal, which enclosed most of the peat lands. These
canals converged near the center of the former lake and
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Figure 2. Map of the Hula Valley showing the Hula Drainage Project (modified from Livneh, 1994) and the Hula Reclamation Project (modified
from Salingar, 1995) relative to the historic Lake Hula and swamps (shown in outline).

then followed the original but now deepened course
of the Jordan River, continuing southward to Lake
Kinneret. Consequently, the section of the Jordan
River going through the center of the drained valley,
as well as other waters flowing through the valley,
were channeled through a dense network of secondary
drainage and irrigation canals to the East and West
Canals. A small (3.5 km2) area of the original swamp
and lake was enclosed and left inundated and subse-
quently became Israel’s first nature reserve in 1964. In
1984, Enan Reservoir (6×106 m3) was constructed
as a storage/recycling reservoir for effluents from fish

ponds and local communities, to reduce their flow to
Lake Kinneret.

The dry Hula Valley (1958–1993)

Given the conditions and knowledge existing at the
time, the drainage of the lake and swamps of the
Hula was common practice worldwide, and therefore
seemed justified. Severe agricultural problems even-
tually developed in the middle and southern parts of
the Hula Valley, most of which originated from peat
soil degradation and subsidence (Shoham and Levin,
1968). As the groundwater table elevation declined,
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air penetrated into the dried peats and enhanced micro-
bial decomposition of the organic matter. Often these
processes led to uncontrollable underground fires and
the formation of dangerous caverns within the peat.
The weathered peat soils turned into infertile black
dust. Strong winds sweeping the valley produced an-
noying dust storms that also caused major damage to
agricultural crops. Consequently, the ground surface
subsided by up to 3 m in some regions and inun-
dation of these areas during winter rains restricted
cultivation in many areas. An indirect problem associ-
ated with the drying of the soils was the proliferation
of vole, Microtus socialis, whose population soared
and wreaked havoc on agricultural crops in the valley.
Farmers eventually abandoned more and more of the
valley where cultivation was no longer profitable, and
thereby further enhanced the rate of soils deterioration
(Shaham et al., 1990).

Besides these agricultural problems, various eco-
logical problems became apparent. The decomposing
peats released large amounts of nitrates and sulfates
that were washed into Lake Kinneret during the win-
ter rainy season. Estimates are that ca. 2,800 tons
of nitrates (40% of all nitrate loading) wash into
Lake Kinneret from the drained Hula Valley annually
(Serruya, 1978).

The Hula Nature Reserve proved insufficient to
preserve the character and nature of the original lake
and swamps. During the 36 years after the draining,
119 animal species were lost from the region, of which
37 were lost from Israel. Similarly, many freshwater
plant species became extinct, and many of the massive
flocks of migratory birds that used to land in the valley
found alternative feeding sites on their route between
Europe and Africa (Dimentman et al., 1992). In the
1980s it became apparent that action had to be taken
to stop the deterioration of conditions in the Hula Val-
ley. Consequently, the Hula Restoration Project was
formulated.

The Hula Restoration Project

It was clear from the beginning that a successful
rehabilitation program for the Hula required careful
planning based on the best possible expertise in many
disciplines, including soil sciences, agriculture, hy-
drology, ecology, and tourism. Two principal goals for
the rehabilitation program were identified: 1) preser-
vation of the peat soils for future generations, and, 2)
protection of Lake Kinneret from nitrate contamina-
tion from the Hula peats. The farming communities

that were to donate the land for this project stipulated
that an alternative means of income from the land must
be included in any plan.

Following a feasibility study in the late 1980s
(Shaham et al., 1990) and the examination of various
potential plans, a compromise plan was chosen which
would reduce soil deterioration, minimize the flow
of pollutants into Lake Kinneret, and provide income
from eco-tourism to the local landowners.

To reduce soil deterioration, soil and agricultural
scientists devised a crop rotation and surface irriga-
tion scheme that offered a compromise between farm
income and soil protection. In the areas unsuitable
for cultivation, local vegetation is used in conjunction
with imported tropical grasses to provide year-round
cover of the peat soils, as well as provide grazing lands
for large mammals (Shaham, 1996).

The water table elevation was raised to an average
of ca. 75 cm below surface, deep enough to allow
cultivation in the land allocated for agriculture, but
shallow enough to reduce the volume of peat requiring
constant irrigation. This was done to keep the peat
soils wet. The high water table would be regulated
primarily via an extensive network of 90 km of new
drainage and flood canals, a small lake and large-scale
surface irrigation rigs (Shaham, 1996) (Figure 2b).

In addition to providing increased flexibility in
water level management, the lake and surrounding net-
work of canals were designed to serve as the center
for developing eco-tourism and recreation as a form
of compensation to the farming communities that do-
nated the land. Lake Agmon was dug in the area of
the peat lands least suitable for agriculture and flooded
in April–May 1994. The dried, historic route of the
Jordan River, through the center of the valley, was
restored and forms the primary source of water for
the lake. By creating these two aquatic systems, the
planners hoped to create suitable conditions for the re-
establishment of some of the many plant and animal
species lost to the region, thus attracting tourists.

The combined effect of raising the water table el-
evation in the valley and increased surface irrigation
is expected to result in reduced nitrate loading (due
to decreased rates of nitrification and enhanced rates
of denitrification under anaerobic conditions of wet
soils – see Ponnamperuma, 1972) to the Jordan River
from the Hula Valley. Nevertheless, several practical
actions were taken to minimize the potential flow of
polluted water from the Hula Valley into Lake Kin-
neret. First, pumping stations and regulation facilities
were constructed to prevent overflows from the peat
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lands into the Jordan River. Instead, these waters are
diverted into Lake Agmon via a northern inlet canal.
Upon completion of the project’s infrastructure, wa-
ter flowing out of Lake Agmon will be diverted into
the Enan storage-recycling reservoir to be used for
irrigation in adjacent farmlands. Second, a 5-m deep
underground partition was constructed south of the
lake, sectioning the valley from east to west, to pre-
vent underground seepage of peat water southward
and eventually onward to Lake Kinneret (see Tsipris
and Meron, 1998). Third, a pipeline will carry sewage
effluents from the communities in the valley, directly
to the Enan reservoir. As with the waters flowing
through the Hula peat soils, these polluted waters will
be treated and supplied for irrigation and will not reach
Lake Kinneret.

Lake Agmon

Lake Agmon is located in the southern part of the Hula
Valley in the area that once served as the transition
between Lake Hula and its swamps (Figure 2b). It is
important to note that this new lake was not intended
to be a recreation of Lake Hula. It is shallower (<1 m
mean depth) and much smaller (ca. 1 km2) than Lake
Hula. Deeper (1.5 m) boat canals were dug along its
rims and also surrounding two islands on the north-
east side, to allow limited boating activity. Several
smaller islands were created in the middle of the lake
to provide protected nesting sites for birds.

There are two primary water sources for Agmon.
The Jordan River enters the lake from the northwest,
bringing relatively clean, high-quality water. A cen-
tral drainage canal flowing into the lake from the
north brings poorer-quality peat drainage waters. Ad-
ditional peat waters enter via ground water seepage.
An overview of the climate and hydrology of the val-
ley is presented by Tsipris and Meron (1998). Even
though the Jordan River is the primary source of wa-
ter during much of the year, water quality in the lake
is more characteristic of peat drainage waters, often
highly colored and cloudy with high levels of dis-
solved substances such as sulfates, carbonates and
plant nutrients (Hambright et al., 1998; Markel et al.,
1998). The combination of abundant nutrients, diverse
aquatic habitats and sunlight is conducive to high pri-
mary production by both free-floating and attached
algae (Zohary et al., 1998), as well as the emergent,
submergent and floating vascular plants (Kaplan et al.,
1998). The high primary production supports a diverse
food web of zooplankton, insects, and mollusks (Di-

mentman et al., 1997), fish (Degani et al., 1998), birds
(Ashkenazi and Dimentman, 1998, Shy et al., 1998)
and other animals.

The Agmon wetland is still a developing environ-
ment and major changes in community composition
and structure of its biota may still take place. In the
first three years since its formation, the lake showed
signs of a healthy ecosystem that should attract visitors
(both human and wildlife) in all seasons. Neverthe-
less, this project has fostered concerns for the future of
water quality in the increasingly burdened Lake Kin-
neret. Although the project is not yet complete, major
changes in the hydrology (and hence soil chemistry) of
the Hula Valley have been made since digging began in
1993 (see Tsipris and Meron, 1998). Drastic changes
in Lake Kinneret’s phytoplankton assemblages con-
temporaneously with the Hula Restoration Project (in-
cluding first-ever blooms of the cyanobacteriumAph-
anizomenon ovalisporum, as well as frequent spring
blooms of the cyanobacteriumMicrocystis aeruginosa
and other algae) (Berman, 1995) have increased the
concern over potential harm to Lake Kinneret wa-
ter quality. There is little argument that nitrate and
sulfate loading to Lake Kinneret will be reduced sub-
stantially by the Hula Restoration Project. However,
the benefits of this reduction are not clear. Reduced
nitrogen to phosphorus ratios could enhance nitrogen-
fixing cyanobacteria (sensu Smith, 1983) and reduced
nitrate and sulfate availability could affect hypolim-
netic decomposition rates in the lake (Hambright and
Zohary, 1996). Moreover, there is growing evidence
that sediment-water dynamics of phosphorus (the ma-
jor limiting nutrient in Lake Kinneret) and several
micronutrients (such as trace metals and chelators)
may have changed (or will change) as a result of re-
flooding the Hula peat soils (Hambright et al., 1998).
Therefore, studies to determine possible changes in
nutrient dynamics in the Kinneret watershed due to the
drainage project are necessary before the success of
the Hula Restoration Project can be fully evaluated.
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