
CALIFORNIA GEOGRAPHICAL SOCIETY 
Vol. XXXII, 1992 

GEOMORPHOLOGY OF PIEDMONT 
VERNAL POOL BASINS, CALIFORNIA 

Guy King 

V
ernal pools are small, shallow hardpan-floored depressions in valley 
grassland environments that fill with water during the winter 

(Holland and Jain 1977). These ephemeral lakes are unique biological is
lands with communities containing over 200 plant species including rare 
and endangered species (Holland and Jain 1981; Holland 1978). Vernal 
pools occur under mediterranean climatic regimes in California, south
ern Oregon, the Baja Peninsula of Mexico, South Africa, and Chile 
(Thome 1984). California's vernal pools occur within and on the flanks 
of the Great Valley, the lowlands of the Transverse and Coast Ranges, 
the coastal plateaus of southern California, and the Modoc Plateau of 
northeastern California (Jokerst 1990; Lathrop and Thorne 1976). 

A widespread area of vernal pool occurrence in California is along 
the piedmont between the floodplain of the Sacramento-San Joaquin 
River System and the Sierra Nevada-Cascade Mountains (Holland and 
Griggs 1976). Piedmont vernal pools occur on alluvial fan, volcanic 
mudflow, and lava deposits (e.g., Jokerst 1990; Jokerst 1983; Schlising 
and Sanders 1983). The most common piedmont vernal pool environ
ment is developed on early to mid-Pleistocene alluvial fan deposits, 
which are referred to by many workers as "terrace soil" pool environ
ments. Piedmont vernal pools on the "terrace soils," including those of 
the study area, have been studied by various workers (e.g., Holland and 
Dains 1990; McDonald 1976). 

This purpose of this study is to examine the nature and origin of the 
depressions that piedmont vernal pools occupy. This study is important 
for two reasons. The first is that this research adds to the general body 
of knowledge about vernal pools. California's vernal pools have re-
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ceived considerable scientific attention because of their ecological 
uniqueness and concern over their increasing destruction, mostly due to 
urbanization. However, the majority of research that has been done on 
vernal pools has been biologically oriented. Very little research has been 
done on vernal pools as landforms. 

The second reason the results of this study are important concerns 
the geomorphology of lake basins in general (e.g., Harding 1942, Hinds 
1943, Selby 1985). Piedmont vernal pools are a type of small, shallow 
lake basin. They can be geomorphically compared to other areas of 
small lakes such as playas in deserts and savannas (Goudie 1991). This 
study of piedmont vernal pools adds to the existing body of literature on 
the geomorphology of lake basins. 

This paper is divided into four parts. The first part covers the phys
ical geography of piedmont vernal pools of the study area. The second 
describes the overall morphometry of the pool basins. The third part 
covers the morphology of the pools. The last part of this study examines 
the various theories for the origin of piedmont vernal pools. 

Study Area 

The Vina Plains Preserve area, located in Tehama County between 
Chico and Red Bluff, was selected for this study because it is representa
tive of piedmont vernal pool environments (Figure 1). The Preserve 
consists of two tracts: the larger Main Unit and the smaller Wurlitzer 
Unit. The Main Unit's vernal pools are studied in this paper (Figure 2). 
The Main Unit  is a 6 19 hectares tract purchased by The Nature 
Conservancy in 1982 (Vina Plains Docent Committee 1988). It is an area 
consisting of four fenced pastures that are no longer grazed by cattle. 
The Main Unit of the Vina Plains Preserve is part of The Nature 
Conservancy's California Critical Areas Program which was set up to 
protect 8900 hectares of eleven most threatened ecosystems in the State. 

The general terrain of the Vina Plains Preserve area consists of a 
dissected alluvial fan apron produced by Deer Creek which flows out of 
the Cascade Range about seven kilometers north of the Preserve. This 
alluvial apron is of low to moderate relief with elevations that begin at 
approximately 60 meters above sea level on the floodplain of the 
Sacramento River and rise up to about 130 meters above sea level at the 
base of the Cascade Range. Geologically, the area consists of alluvial fan 
deposits which have been mapped as fanglomerate or the Red Bluff 
Formation (Olmstead and Davis 1961; Burnett et al. 1969; Harwood et al. 
1981). These deposits are composed of material eroded from the adja
cent upslope Tuscan Formation and consist of cobble and boulder sized 
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Figure 1. Major Landform Units of the Vina Plains Area 

Source: F. H. Olmsted and G. H. Davis, 1961, Geologic Features and 
Ground-Water Storage Capacity of the Sacramento Valley, California, U. 
S. Geological Survey Water Supply Paper 1497. 
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andesite rocks in a sand, silt, and clay matrix. Age of the alluvial fan de
posits is estimated to be early to mid-Pleistocene. 

The highly weathered soils of the Vina Plains Preserve reflect the 
geological antiquity of their parent material (U.S. Department of 
Agriculture 1967). Tuscan Series soils are found in upland areas be
tween stream channels and vernal pool basins. They make up most of 
the soils found on the Preserve. The Tuscan Series are reddish-brown 
cobbly loams with clay hardpans at a depth at less than 76 centimeters. 
The hardpan is exposed at the surface in scattered areas of the Preserve. 
Anita Series soils are the other major soil type found on the Vina Plains 
Preserve. They are found in poorly drained areas such as vernal pool 
basins. The Anita Series consists of dark gray clayey soils with a hard
pan that can be as deep as 90 centimeters. When dry, Anita soils form 
deep desiccation cracks extending from the surface down as far as the 

hardpan layer. 

The climate of the Vina Plains area is a mediterranean regime. Red 
Bluff's average annual temperature is 17.5° Centigrade, while its aver
age annual precipitation is 560 millimeters. Red Bluff has a July average 
temperature of 28.7° Centigrade and precipitation of 1.02 millimeters, 
while in January its average temperature is 7.5° Centigrade. and precipi
tation is 109 millimeters (National Oce anic and Atmospheric 
Administration 1974). 

The biotic community of the Vina Plains Preserve consists of grass
land, intermittent stream, and vernal pool environments with a total of 
287 identified plant species (Broyles 1987). The grassland environment 
makes up most of the Preserve area. It is dominated by annual grasses 
and forbs such as soft chess (Bromus mollis), ripgut (Bromus diandrus), 
zorro fescue (Vulpia myuros), goldfields (Lasthenia californica), tidy tips 
(Layia fremontii), johnnytuck (Orthocarpus erianthus), and filaree (Erodium 
brachycarpum). Perennials include lowland shooting star (Dodecatheon 
clevelandii subsp. patulum), and Brodiaea (Brodiaea californica). Mammals 
of the grassland environment include the deer mouse (Peromyscus manic
ulatus), meadow mouse (Microtus californicus), pocket gopher (Thomomys 
bottae), Jackrabbit (Lepus californicus), and the coyote (Canus latrans) 
(Vina Pl;iins Docent Committee 1988). 

The intermittent stream environment of the Vina Plains Preserve oc
cupies a very small area of the Vina Plains Preserve. It consists of seg
ments of four drainage channels used as irrigation ditches by local 
ranchers. In the flowing water zone, cattails (Typha angustifolia), yellow 
waterweed (Ludwigia peploides), and common monkey-flower (Mimulus 
guttatus) are found (Vina Plains Docent Committee 1988). Common 
plants in the "seep zone" adjacent to the flowing water include the 
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Hollander's water-starwort (Callitriche heterophylla subsp. bolanderi), and 
the June centaury (Centaurium floribundum) (Broyles 1987). 

The vernal pool environment of the Vina Plains Preserve contains a 
rich and diverse biota. The smaller, shallower pools referred to as "hog
wallows" are dominated by flora that includes goldfields ([Asthenia fre
montii), meadowfoam (Limnanthes douglasii var. rosea), popcorn flowers 
(Plagiobothrys stipitatus var. micranthus), and downingia (Downgias or
natissima) (Broyles 1987). These "hogwallows" are characterized by 
rings of flowering plants as they desiccate in the spring. The large pools 
at Vina are dominated by flora such milkweed (Asclepias fascicularis), 
water shamrock (Marsilea vestita), white-flowered narvarretia 
(Narvarretia leucoucephala), and downingia (Downingia bella and D. bicor
nuta). The Vina Plains Preserve vernal pools contain rare and endan
gered plants such as the Hoover's surge (Chamaesyce hooveri), orcutt 
grasses (Orcuttia pilosia and 0. tenuis), and Greene's orcutt grass 
(Tuctoria greenei) (Broyles 1987). Vina's larger vernal pools also contain 
an abundance of invertebrates that include crustaceans and aquatic in
sects (Vina Plains Docent Committee 1988; Alexander 1976). 

Morphometry of Vernal Pool Basins 

A morphometric analysis of the Vina Preserve vernal pool basins 
was performed to determine if there are any overall trends in pool ori
entation or shape. Distinct trends in pool morphometry are indicative of 
what geomorphological processes formed the basins. Students from the 
author's field techniques course at California State University, Chico 
mapped the pools during the spring of 1990 and 1991. The field map
ping was accomplished using magnetic compass and pacing methods. 
The field mapping of the larger pools was supplemented by mapping 
from aerial photographs. All areas over 30 square meters of free stand
ing water were mapped as vernal pool basins with the exception of 
pools resulting from human activities. A total of 43 vernal pools were 
mapped on the Vina Plains Preserve (Figure 3). 

Pool length, width, perimeter, area and orientation were deter
mined from field measurements (Table 1). Pool length was measured 
along the line bisecting the pool in its longest direction. Pool width was 
determined by measuring the longest line at right angles to the length 
bisecting line. Perimeter and area were measured for the highest identi
fied pool shoreline. Pool orientation was measured from 0 to 179 de
grees azimuth. 

Pool elongation and circularity are two morphometric variables de
rived from the field data. They are complementary measures of shape 
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Pool# Width (m) Length (m) Perim (m) Area (sm) Elong Circul Orient 

1 146 313 735 24155 0.56 0.56 6 
2 21 33 79 465 0.73 0.93 73 
3 17 37 90 465 0.66 0.72 140 
4 25 27 78 460 0.91 0.96 3 
5 10 15 45 158 0.93 0.99 6 
6 12 35 77 321 0.58 0.68 146 
7 8 10 27 56 0.84 0.97 89 
8 5 9 22 37 0.81 0.97 0 
9 7 9 26 51 0.95 0.98 7 

10 5 10 24 46 0.76 0.98 172 
11 8 15 37 107 0.77 0.99 0 
12 5 10 24 42 0.73 0.88 3 
13 12 20 50 195 0.78 0.97 8 
14 86 87 266 5484 0.86 0.95 91 
15 16 82 192 762 0.38 0.26 131 
16 27 84 196 1449 0.51 0.48 41 
17 80 228 577 17419 0.61 0.65 173 
18 34 88 222 1565 0.51 0.40 179 
19 24 40 128 901 0.85 0.69 55 
20 15 17 60 204 0.96 0.71 156 
21 67 78 253 2332 0.70 0.46 155 
22 75 125 296 6210 0.65 0.77 98 
23 11 37 84 311 0.54 0.55 159 
24 15 30 90 419 0.78 0.66 135 
25 11 24 72 242 0.72 0.59 155 
26 5 12 38 70 0.77 0.60 130 
27 8 16 58 186 0.93 0.70 140 
28 9 18 57 195 0.86 0.75 160 
29 52 61 176 2039 0.84 0.82 3 
30 23 34 116 841 0.96 0.79 130 
31 15 21 61 186 0.72 0.63 140 
32 8 27 62 130 0.47 0.43 8 
33 12 27 63 158 0.52 0.50 147 
34 56 65 180 2500 0.86 0.75 24 
35 120 190 459 12661 0.52 0.43 167 
36 58 107 326 3347 0.67 0.47 46 
37 61 72 276 3921 0.99 0.65 82 
38 48 68 185 2499 0.83 0.91 174 
39 36 61 265 960 0.57 0.17 0 
40 33 60 169 731 0.51 0.32 48 
41 23 43 151 518 0.60 0.29 5 
42 23 76 159 620 0.37 0.31 5 
43 20 50 116 495 0.50 0.46 30 

Data Min 5 9 22 37 0.37 0.17 0 
Data 

Max 146 313 735 24155 0.99 0.99 179 

Average 32 58 156 2272 0.72 0.67 86 
Standard 

Dev 31.89 60.83 149.94 4776 0.17 0.23 66 

Table 1. Morphometry of Vina Preserve Vernal Pools 
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(Gardiner 1975). Pool elongation is equal to 2 X (A/3.14)/L where A 

pool area and L= pool length. Pool circularity is equal to 12.57 X AJP2 

where A= pool area and P =pool perimeter. Pool circularity is used as 
a measure of pool compactness or crenulation. Both elongation and cir
cularity values range between 0 (a straight line) and 1 (a circle). 

The Vina Preserve pools were classified according to area (Figure 4). 
Pools over 10,000 square meters were classified as large pools. The 
biggest pool (#1) is 24,155 square meters with the other two large pools 
(#17 and #35) being 17,419 and 12,661 square meters respectively. 
Medium vernal pools are between 10,000 and 1000 square meters. There 
are 10 medium pools ranging between 6210 (#22) and 1449 square me
ters (#16). Vernal pools at the Vina Preserve under 1000 square meters 
were classified as small pools. There are 30 small pools ranging between 
901 (#19) and 37 square meters (#8). 
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Figure 4. Areas of Vina Preserve Vernal Pools 

The Vina Preserve vernal pools as a group show no strong trends in 
orientation and shape. As indicated on Table 1, Vina pool orientation 
ranges from north-south to east-west. However, the three large pools 
and many of the medium pools are oriented in a north-south direction 
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(Figure 5-top). The elongation of the small Vina pools is for the most 
part unrelated to their orientation (Figure 5-bottom). The large pools on 
the Vina Preserve are highly elongated, while the small and medium 
pools greatly range in elongation values (Figure 6-top). The circularity 
values for the Vina pools indicates a wide range in compactness (Figure 
6-bottom). However, the large pools have low circularity values which 
is a reflection of their high elongation values. 

In summary, the morphometric evidence from the Vina Preserve 
vernal pools indicates that: 1) small Vina pools vary greatly in orienta
tion and shape, 2) medium pools have less variation in morphometry 
than the small pools, and 3) three large pools are strongly similar in 
morphometry. The Vina pool morphometric evidence suggests that as 
Vina pools enlarge they become elongated in a north-south direction. 

Morphology of Vernal Pool Basins 

The Vina vernal pool basins are morphologically very similar to 
playa lake basins found in the deserts of the Western United States (e.g., 
Neal and Motts 1967; Neal 1970; Motts 1970). The morphology of the 
Vina pools is illustrated by the topography of the largest pool basin (#1). 
A transit survey determined that this vernal pool basin, like playa lake 
basins, is very shallow (Figure 7). The pool's maximum depth, mea
sured between the highest shoreline and the deepest part of the pool 
basin, is only about 30 centimeters. The floor of the largest pool is essen
tially flat like a playa's, varying only a few centimeters in elevation from 
its center to its outer edges. The pool's clayey silty floor is very smooth 
like a playa's with large desiccation cracks developed on it in many 
places during the summer (Motts 1970). These desiccation cracks can ex
tend down to the clay hardpan layer. 

Unlike playas, the largest pool and most other large and medium 
Vina pools have gravel deposits pr�sent on their floors. These gravels 
consist mostly of rounded andesitic cobbles. Their density of coverage 
varies from low concentrations (0-5 per square meter) in the pool center 
to high concentrations (20-40 per square meter) at the edges of the pool. 
The gravels are concentrated on the north and northwest sides of many 
of the Vina vernal pools. There is no evidence in the form of tracks or 
trails that the gravels are "playa scrapers" (i.e., gravels moved by win
ter-storm winds across wet playa surfaces). These gravels appear to be 
lag deposits remaining behind after the finer-grained sand, silt, and 
clays of the underlying alluvial fan deposits have been removed from 
the pool basin. These lag gravels indicate an erosional origin of the Vina 
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Figure 7. Floor Topography of the Big Pool, Vina Plains Preserve 
Elevation contours in cemtimeters above datum. 
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vernal pool basins. They are concentrated at the edges of pools because 
of deposition of lacustrine silts and clays in the pool centers. Further ev
idence for the erosional origin of the Vina vernal pool basins is the sur
face exposure of the claypan layer on floors of many of the large and 
medium pools. Since the claypan originates from clay accumulation in a 
B horizon its exposure on the pool floors can only be due to the A hori
zon being eroded away. L ike the lag gravel deposits, the claypan is 
mostly exposed at the edges of the pools on the north and northwest 
pool sides. 

All the large and medium vernal pools on the Vina Plains Preserve 
display distinct shorelines around their basins. These shorelines are 
marked either by a "trim line" developed in the grass cover or by a 
shore terrace. Vina vernal pools do not exibit the multiple shorelines 
that are common around playa lake basins. The single shoreline of ver
nal pools is tied to the basin overflow elevation. Almost all large and 



32 THE CALIFORNIA GEOGRAPHER 

medium pools at Vina have well-developed overflow channels at their 
south ends. These overflow channels usually have high concentrations 
of lag gravels lining their bottoms. 

There is some evidence of "old" vernal pools at the Vina Preserve 
whose overflow channels have eroded below their basin rims. A good 
example of an "old" pool is located just northeast of pool #14. This pool 
no longer ponds up surface water, though its shoreline is still marked in 
places by small terrace remnants. The pool's surface is now covered by 
grasses that are common to the well-drained upland environment. 

Theories on the Origin of Vernal Pool Basins 

There are five theories that have been proposed to explain the de
velopment.of California piedmont vernal pools. The first involves de
pressions between mima mounds which are small conical shaped hills 
that occur in many areas of the piedmont, particularity in the southern 
part (Nikiforoff 1941; Arkley and Brown 1954; Jenny 1976). There are 
many theories concerning mima mound origin. A popular one is that 
they are due to gopher activity (Arkley and Brown 1954). While the 
Vina Preserve does not exhibit well-developed mima mound topogra
phy, it does display in places evidence of patterned ground phenomena 
with low, wide mounds separated by depressions connected together 
with drainage channels. Some of the small vernal pools in the northeast
ern part of the Preserve are formed in this way. However, the large and 
medium pools of Vina are too big to be depressions between mima 
mounds. The bigger Vina pools may have started out as depressions be
tween mounds, but there must be some other mechanism that caused 
the Vina pools to increase in size. 

The second proposed theory for piedmont vernal pool formation 
entails pools developed in depressions associated with fracture systems 
in volcanic mudflow formations such as the Tuscan and Mehrten 
(Schlemon et al. 1973; Jokerst 1990). These fracture systems may also be 
present in the Vina Plains Preserve alluvial fan deposits, which are de
rived from reworked Tuscan Formation sediments. The fracture sys
tems could cause the patterned ground found in the Preserve. However, 
like depressions between mima mounds, the depressions along mud
flow fracture systems are also very small. The large and medium pools 
at the Vina Preserve resulted from some other process or processes. 

The third theory for piedmont vernal pool formation in California 
concerns depressions developed on floodplains of ephemeral streams 
(Jokerst 1990). These depressions are a result of major flooding of the 
floodplain which commonly leaves an undulating landscape of alluvial 
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deposits. At Vina, pool #38 is a good example of a vernal pool devel
oped on the floodplain of Sheep Camp Ditch. However, the majority of 
vernal pools at the Vina Preserve are not associated with any stream 
floodplains. For instance, the three large pools (#1, #17, #35) are too big 
to be developed on any of the ephemeral stream floodplains found on 
the Vina Plains Preserve. 

The activities of grazing animals causing enlargement of vernal 
pools is the fourth theory for vernal pool development. Prior to 150 
years ago the piedmont grasslands were grazed by large herds of ante
lope. During the last 150 years the piedmont grasslands have been ex
tensively grazed by cattle introduced by settlers of european ancestry. 
In grassland and savanna environments, grazing animals tend to gather 
around any depressions containing water. Their trampling of the 
muddy ground around these depressions is thought to cause " ... physical 
removal of sediment in and on their bodies" (Goudie 1991). The large 
pools of the Vina Preserve contain evidence of trampling by cattle, but 
how much this has affected the development of the pool basins is un
known. 

The fifth theory that has been proposed for piedmont vernal pool 
formation involves aeolian deflation (Broyles 1987). In this theory, the 
Vina pools were excavated by wind removal of fine grained sediments 
from the pool floors during past Holocene dry periods, such as the 
Altithermal. Evidence that supports this is the fact that the elongated 
large and medium Vina pools are oriented parallel to the prevailing 
south-southeast winds of the Vina Preserve area (National Oceanic and 
Atmospheric Administration 1974). 

Hydroaeolian Planation Origin for Vernal Pool Basins 

Of all the theories for vernal pool basin formation described above, 
the deflation theory seems the most acceptable. Additional evidence 
that supports the deflation theory comes from playa research which sug
gests that deflation is an important factor in the formation of their basins 
(Blackwelder 1931; Goudie 1991). A major deflation mechanism ob
served on playas is the formation of small concave upward shaped mud 
saucers or "mud curls" which are then destroyed and removed by the 
wind (Motts 1970). The removal of deflated playa sediments can take 
place in the summer, or winter during dry years (Young and Evans 
1986). Mud curls are common on the Vina pool floors after they dry up 
in the spring, but whether these mud curls are being deflated under the 
present climatic regime of the Vina Preserve area is unknown. The lack 
of recent deposits of deflated material on the north end of the pools, 
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such as lunette dunes (Goudie 1991), supports the theory that deflation 
was greater during a past dry climatic period. 

If deflation is no longer excavating the vernal pool depressions on 
the Vina Plains Preserve, then there should be more evidence of "old" 
pools basins that no longer hold water. The preservation of "relict" de
flation basins seems unlikely in the relatively wet winter environment of 
the Vina area, since pool overflow would erode through the pool's rim 
and hence destroy the pool. Some pool forming process other than de
flation must be present to explain the diversity and magnitude of the 
pools that occur on the Vina Plains. 

The best candidate, other than deflation, for an active pool forming 
process is lake wave action. Studies have shown that wind-generated 
waves are a major force in the growth of shallow lake basins (e.g., 
Prouty 1952; Price 1970; Osterkamp and Wood 1987). On the Vina 
Preserve there is evidence to suggest that lake wave action is a dominant 
force in the enlargement of the pool basins. First, as previously stated, 
all the large pools are oriented parallel to the prevailing south-southeast 
wind direction of the Vina Plains area. Secondly, relatively steep slopes 
on the north sides of large and some medium vernal pools indicate slope 
retreat in a downwind direction. L astly, the high density of lag gravel 
deposits and exposure of clay hardpan on the north-northwest end of 
the pool floors (e.g., #14, #16, #22) also indicates pool growth in a down
wind direction. 

The origin of the vernal pool basins at the Vina Plains Preserve is 
more than likely polygenetic. Studies of playas have shown that both 
wind deflation and lake wave action are major factors in their formation. 
The progressive enlargement and flattening of playa basin floors by 
wind and water is referred to as hydroaeolian planation (Currey 1990). 
The vernal pools on the Vina Plains have so many topographical and 
sedimentological similarities to playa basins that it seems highly proba
ble that hydroaeolian planation also is the key factor in their formation. 

A major difference between playas and vernal pools on the Vina 
Preserve is that overall playas are aggradational landforms versus ver
nal pools which are degradational landforms. Most playa basins in the 
American West are formed of extensive fine-grained alluvial deposits, 
thousands of meters deep in many cases, which have accumulated in the 
bottom of tectonic depressions for over a million years. Deflation plays 
a role in the formation of these playa basins, but thick deposits of lacus
trine sediments beneath playas indicates that they are dominantly aggra
dational landforms. Vina vernal pool basins on the other hand are 
degradational landforms that are eroded into alluvial fan deposits. 
Evidence of degradation consists of the extensive lag gravel deposits 
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and surface exposures of claypan on the vernal pool floors. The very 
thin lacustrine deposits in the pool basins indicates that most of the fine
grained sediments are removed through deflation or via suspension in 
pool overflow discharge. 

Conclusion 

Piedmont vernal pools on the Vina Preserve originate as small de
pressions formed in either low areas of patterned ground or along 
ephemeral stream floodplains. Where topographic conditions are favor
able, Vina pool depressions enlarge in a downwind direction. Evidence 
for pool enlargement consists of lag gravel deposits and claypan expo
sures concentrated on the downwind side of the pool floors, and rela
tively steep slopes on the downwind sides of pool basins. Grazing 
animal activity might also contribute to enlargement of pool basins. 

Piedmont vernal pool topography is the result of hydroaeolian plana
tion processes which have varied in intensity through time because of 
climatic change. The relative importance of deflation versus lake wave 
action processes in the formation of Vina pools is unknown. However, 
given the lack of aeolian deposits adjacent to the pools, deflation pro
cesses under the present climate of the Vina Preserve area are probably 
less important than wave action. 

This study of the geomorphology of piedmont vernal pool basins is 
preliminary. Much more research needs to be done. Current deflation 
rates of the pool floors need to be sampled. Also, the rates of shoreline 
retreat need to be measured along with the amounts of suspended sedi
ments in the pool overflow discharge. 

California piedmont vernal pool basins are a type of small, shallow 
lake basin. They are geomorphically similar to small lake basins found 
in many different environments throughout the world. Examples in
clude the playa lakes on the high plains of Texas (Osterkamp and Wood 
1987), the oriented lakes of northern Alaska (Price 1970), and the 
Carolina Bays of the Atlantic Coastal Plain (Prouty 1952). Piedmont ver
nal pools are particularily similar to small playa lake basins found in 
desert and grassland environments (Goudie 1991). California's pied
mont vernal pools, like playas, have complex geomorphic histories that 
are difficult to decipher. 
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