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hey have been called "pot holes in the r~nge~and."
During the summer they are dry depressIonsIn the
ground. In the winter months they fill with rain water.
Vernal pools hold water long enough to allow some
specializedaquatic organisms to grow and reproduce, but
not long enough for a pond or marsh ecosystem to
develop. The plants and animalsthat inhabit a vernal pool
are well adapted to withstand extreme conditions drought and sun-baking summer heat, floods and freezing
winter weather.

Vernal pools are found in Californiaandjust a few other
places in the world. Seasonalwet depressionsor

temporarypools are not particularly unique to California.
A temporarypool can form anywherethere is a depression
with a water-restricting surface or "hardpan" and variable
rainfall. In fact, every state in the U.S. probably has
temporary pools. California's temporary pools are
"vernal" pools because of its mediterranean climate.
Similar temporary pools occur in regions of the world that
have similar climates such as Australia and South Africa.
Vernal means "of or in spring". These "rangeland
potholes" are so named because as their winter water
levels recede, many plants in the vernal pool habitat
welcome the spring with beautiful blooms.
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Vemal poolsarefoundwestof the SierraNevada,from
southernOregonto northernMexico. Therearetwo main
regionsof vernalpoolsin California:
1)
On the coastal terraces and lower
elevationsof the coastalmountains
2)
Throughoutthe CentralValley
The information containedin this pamphlet emphasizesthe
vernal pools in the Central Valley of California.
In 1978, the California Native Plant Society estimatedthat
at the time Europeans arrived in California, 4.2 million
acres of the Central Valley could have supported vernal
pools. It also estimated that by 1973 human activities
destroyed67 to 88 percent of this acreage. Recently, these
estimatesof historic acreageand loss have beendisputed by
other scientists. In particular, the V.S.D.A. Natural
Resource Conservation Service supported the
conclusion of other soil scientists that 1 million
acresof soils suitable for vernal pool habitat
remain from 2 million acres that were
historically present in the Central
Valley. This implies that historic
losses are closer to 50 percent.
The loss of vernal pool
habitat due to development
and intensive agriculture is
one of the reasons that
prompted the listing of some
vernalpool plants and animals
under the federal and state
EndangeredSpeciesActs.
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Vernal Pools: Size and Scope
The poorly draineddepressionsthat create a vernal pool are usually small and shallow; however, they can range widely
in depth and size. Pool depth can range from several inches to a foot or more. Pool size can range from several feet to
severalacres. Table Mountain Lake in northern TehamaCounty covers nearly 180 acres and is the second largest vernal
pool in northern California.

Vernalpoolsmay occur asisolated,individualpools or asgroupsof depressions
within a drainagesystem. Groupsof
vernalpoolswithin a drainagesystemarereferredto asa vernalpool complex.
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Vernal Pools: Formation
Vernal pools fill with water becausea hard subsurfacelayer or "hardpan" prevents downward drainage. The pools lose
water predominantly through evaporation or overflow.

Vernalpools typically form on terracedsoilsthat are formedfrom uplifted sedimentarymaterial. They are alsofound
on soilsformed by ancientmud and lava flows. In the SacramentoValley, it is believedthat manypools were carved
out by thewind about4,000yearsago. More recently,somevernalpool habitatmay havebeenunintentionallycreated
as a result of humanor animalactivity - for example,ditchescreatedby road constructionor wallows createdby
livestock.
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A vernal pool is by no means a single static ecosystem,but rather a sequence of ecosystems. The pool itself
representsonly one phaseof the sequence.Important ecologicaleventshappen before and after the pool fills with
water.

Vemal pool ecosystemscanbe dividedinto four seasonalphases.
During the wetting phase, the first
fall rains provide for the germination
of dormant seedsand growth of the
perennialplants. A turf of seedlings
may develop in the pool before it
holds water for an extended time.
The aquatic phase beginsduring the
winter once the soil is saturated and
thepool holds water. This normally
requires several days of rainfall.
Aquatic plants and animals come to
life. Egrets, ducks, hawks and frogs
may be attracted to the pool.

The drying phase beginsas water
from the pool evaporatesand the
water level recedes. Seeds,eggs
and cysts settle into the mud
Wildflowersin and around thepool
bloom. Bees emergefrom their
underground nests, mate and
collectpollen from the vernalpool
flowers.

During thedrought phase thepool
is dry. Seeds,eggs and cysts lie
dormant. Someplants able to tap
deeper moisture may continue to
grow and flower. Drying cracks
might appear. Orcutt grass and
Tuctoria appear in the bottom of
somedried pools.
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large number of invertebratesinhabit vernal pools and other
shallow water-filled depressionsin the Central Valley. The
aquaticinvertebratesgrow andreproducewhenthe pools areflooded
in the fall or winter. They spendthe summerdormantaseggsor cysts
(hard-shelledeggs)in the sun-bakedsoilsof the pool bottoms.
Although fairy shrimp and tadpole shrimp are the most commonly
discussedvernal pool invertebrates,there arenumerousinvertebrates
that may live in a vernal pool. Most are very small or even
.
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Species. Thereare at least 43 speciesof fairy shrimpin North
America (258 speciesare known worldwide). In California,23
specieshavebeenidentified. Sevenof thesespecieshavebeen
discovered
just since1990.
Threespeciesof California fairy shrimp have been listed under the
FederalEndangeredSpeciesAct. They arecommonly known as the
ConservancyFairy Shrimp, Longhorn Fairy Shrimp and the Vernal
Pool Fairy Shrimp. All three species inhabit vernal pools in
California.
Life Cycle. The life cycles of fairy shrimp vary by species. Some
cancompletetheir life cycle within 2-3 weeks. Other speciestake severalweeks to mature. Fairy shrimp populations often disappear
early in the season,long before the vernal pool dries up.

Their cystshatchin responseto watertemperature,dissolvedoxygenand/orpH. Not all cystswill hatchin a givenyear. If the
conditionsaren'tright for a specificspecies,the cystsmaylay dormantfor severalyears.
Cystscan survivepassingthroughthe digestivetract of manybirds and animals. They are extremelytolerantof heat,cold and
dehydration.Viable cystshavewithstoodtemperatures
of 178oFfor onehour and-374oFfor 24 hours.
Diet. Fairy shrimp are filter feeders. They feed on various phytoplankton, algae,bacteria, protozoa and rotifers found in the pools.

Vernal Pool TadpoleShrimpexist in a habitat similar to fairy shrimp. They have been listed
under the Federal EndangeredSpeciesAct.
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Life Cycle. Tadpoleshrimphavea longerlife than many speciesof fairy shrimp. They
canproducemore than one generationper year. Their cysts are able to withstand heat,
cold and dehydration. They lay dormant until pools fill with water.

Tadpoleshrimparebottomfeeders.They feedon organicdebrisandliving
frog eggsandfairy shrimp.
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Illustrations by Sharleen Gaertner
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Native plants have continued to thrive in and around vernal pools despite the invasion of non-native plants. In most
pools, more than 70 percentof the plant speciesare native to California. Many of these native plants are responsible
for the eye-catchingrings of flowers that form around the pools as the water recedes. Since most of these native plants
are commonly found in vernal pools, their presenceis often used to indicate vernal pool habitat.
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Limnanthes
Meadowfoam with visiting Linmanthes
specialist bee
Lasthenia fremontii
Goldfields

Downingia bicomuta
Navarretia /eucocepha/a
Navarretia

Downingia
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Sidalcea calycosa
Annual Sidalcea

Psilocarphus
Wooley Marbles

Plagiobothrys
Popcorn Flower

Layia fremontii
Tidy Tips

Most of the vernalpool plantsare annuals;however,one of the
more common vernal pool plants, coyote thistle, is a native
perennial.
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Eryngium vaseyi
Mature Coyote Thistle

Eryngium vaseyi
Young Coyote Thistle
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Vernal Pool Ungrazed for past 7 years
Chico, Butte County, April 1995
Vernalpool surroundedbyMedusaheadand otherforeign
annualgrasses

Competitive Foreign Plants
Vernal pool ungrazedfor the past 10 years
Vina Plains, Tehama County, April 1993
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Gray patch is formed by accumulating dead medusahead.

vernal poolsarethreatenedby a varietyof humanactivitiesthat changethe
pools' water holding capabilities. Theseinclude urban development,
water supply/floodcontrol activitiesandconversionto intensiveagriculture.
Vernal pools may also be affected by modificationsto the surrounding
uplands. Many pools dependon water runoff from the surroundinguplands
to maintain their wet period. The uniqueplantsand animalsthat inhabit a
vernalpool requirean adequatewet period.

Lotium perenne
Perennial Ryegrass

Beyond changesto a vernal pool's water holding capabilities, the invasion of
non-nativeplants is a major threat to vernal pool habitats. In some large, deep
pools, competition from non-native plants threatens native vernal pool plant
populations. For example, two endangeredplants, Hairy Orcutt Grass and
Hoover's Spurge are threatened by competition from Cocklebur, Field
Bindweed and Devil's Claw. In some smaller, swale-like pools, a non-native
perennial Ryegrass has threatened the habitat of the endangered Greene's
Tuctoria.
Vernal pool plants such as Meadowfoam and Tidy Tips are adapted to the
edgesofvemal pools and swales. They can be significantly impacted by nonnative plants. For example,Medusaheadand Mediterranean Barley are highly
aggressive and competitive. They can crowd out native vernal pool flora.
Theseweeds or plants evolved over thousands of years of heavy grazing and
periodic drought. Fortunately, they can be controlled with managedlivestock
grazIng.
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Taeniatherum caput-medusae
Medusahead
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Hordeum marinum
Mediterranean Barley

T he variety of plant species in a vernal pool landscape is
detennined largely by rainfall, temperature, soil
characteristics and plant litter (dead plant material). A land
managermay not be ableto influencerainfall, temperatureor soil
characteristics,but he/shecan control the quantity of plant litter.
In the absenceof grazing animals,plant litter can accumulateand
the landscapesurroundingthe vernal pools is often dominated by

tall stands of non-native grassessuch as Medusahead,wild oats
or ripgut brome. Non-native annualgrassesare better at growing
through thatch than most native species. A managed grazing
systemthat leaveslow to moderatelevels of plant litter in the fall
opens up the plant canopy and admits light. An open canopy
favors a diversity of plants, including flowering vernal pool
plants.

Vernal Pool Edge
Ungrazedfor the past 10 years
VinaPlains, Tehama County, April 1993
Grass surrounding pool is predominantly Medusahead
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Vernal Pool Edge
Grazed

VinaPlains, TehamaCounty,April 1993
Pool surrounded by Goldfield, Tidy Tips and Meadow/oam

Cattle grazing vernal pool landscape
Vina Plains, Tehama County, April 1995

Newcomers to a vernal pool landscapein the late spring or summer see
the bare ground in the bottom of a pool and the deep hoof prints left by
a grazing animal. The bare ground is often found in deeper parts of a vernal
pool where the wetting period is longer. The type and variety of plants in
a vernal pool is largely determined by the length of the wet period. In
shallowpools hoof prints might actually increasethe diversity of the vernal
pool habitat. For example, Dowingia Bella, a vernal pool flowering plant,
is typically found in deepervernal pools. It has also been found within hoof
prints in smallervernal pools. Similarly, a hoof print might provide a place
of refuge for a fairy shrimp to complete its life cycle in a drought year.

LivestockImpact and
Meadowfoam

§
~

§
~

~
ti1
~
'"

i

LivestockImpact and Vernal
Pool Flora
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VernalPool Landscape
Vina Plains, TehamaCounty, April1995
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