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AssTrACT. We review the status of five vernal pool creation and restoration projects in San Diego County that were prompted
by efforts to mitigate for damage to or destructiofPafogyne abramsandEryngium aristulatunssp.parishii popula-

tions. The first project was begun in 1981 and the latest in 1992. Some degree of success, defined as persistence of signifi-
cant populations of the target species, was obtained in all of the projects. After 4 to 15 years, the average condition of
artificially constructed basins was distinguishable from that of natural basins for some features, but overall the evidence
suggested a gradual convergence of the function and characteristics of artificial basins toward those of natural pools. We
conclude that artificial basins can support populations of native species for considerable periods. It is less certain that
artificial basins will remain suitable habitats in perpetuity. This uncertainty, plus the substantial aesthetic, scidntific, an
historic value of natural landscapes argues for giving the highest priority to the preservation of natural landscapes.

CitatioN. Pages 195-20B: C.W. Witham, E.T. Bauder, D. Belk, W.R. Ferren Jr., and R. Ornduff (Editors). Ecology,
Conservation, and Management of Vernal Pool Ecosystems — Proceedings from a 1996 Conference. California Native Plant
Society, Sacramento, CA. 1998.

INTRODUCTION modifications or construction was effected by other parties and

monitoring projects which we planned, carried out and moni-

The listing ofPogogyne abramsilLamiaceae) under the En- tored. Thus the methods for the various projects varied.

dangered Species Act was the impetus for a series of studies

beginning in 1979 that has involved many students and colVernal pool creation and the use of restoration as mitigation are

laborators. These projects have covered a broad range of topentroversial subjects. We have never been advocates for either

ics, but here we report on some of our studies related to thpractice. Our purpose has been to obtain information about the

restoration and creation of vernal pools. success of the projects and as objectively as possible to provide
a basis for judging the utility of creation and restoration.

Pool restoration and creation were of interest from the begin-

ning of our involvement in vernal pools. Pool creation was seen THE MIRAMAR Roap EPA PooLs
as a way of reducing the costs of mitigation. Adding pools to
areas already owned by agencies required to mitigate for loss Introduction

of pools elsewhere was thought to be less costly than buying
land with undisturbed pools. Later, the fact that there were fewrhe Miramar Road EPA pool project (named after the location
areas which contained pools left to be purchased added to trend the Environmental Protection Agency suit which resulted
appeal of creation. In other cases, restoration was included asimthe study) involved rehabilitation of a series of natural pools
management tool (Rieger, 1987). where natural vegetation was cleared and surfaces were disked
in March 1980. The natural vegetation was removed from the
For all the projects we describe here, the primary goal was theite and topographical features supporting vernal pools were
establishment of self-sustaining populations of the endangerelhrgely destroyed. As a condition of the consent decree which
San Diego Mesa MinE. abramsij and more recently, the San settled a complaint brought by the U.S. Attorney under Sec.

Diego Button-CeleryEryngium aristulatumssp. parishii 301 of the Clean Water Act (United States of America v. Eastgate
(Apiaceae). Therefore, success in these projects was assesddidtamar Associates), the site was fenced and our activities ini-
by both population sizes and persistencE. @bramsiiandE. tiated.

aristulatumssp.parishii.

The goals of the study were twofold: 1) to monitor the responses
The five projects ranged from rehabilitation of damaged natu-to disturbance and the recovery processes of highly disturbed
ral pools to construction of completely new pools in specific pools; and 2) to facilitate the recovery of some pools by experi-
locations which had supported other vegetation types. The studnental manipulations aimed at restoring some of them to a state
ies have involved both monitoring projects in which the initial approximating the undisturbed condition. This study was pri-
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marily the work of Carla Scheidlinger and Cameron Patterson 300,
(Scheidlinger et al., 1987).

p I y =73.2** - 17.3(pool type) +
o restructured pools .06(depth)2**
@ unrestructured pools

Methods
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o

In May 1981 vernal pool vegetation and the locations of stand-
ing water in the 1980-81 rainfall season were mapped in 5 x5 5
m quadrats forming a grid over the site. The site was divided S 100
into four roughly equal portions, and three separate basins were¢ 5
excavated in each of two of these sections, with basins centere: E
on areas that had evidence of standing water. Three separal
areas in each of the remaining two regions were identified as 0 10 20 30 40 50
sites for observation and the recovery of disturbed pools. In- Maximum Water Depth (cm)
oculum in the form of plant litter and the top 1-2 mm of soil Ficure 1. Maximum depth-total water duration relationships for
salvaged from a natural vernal pool area adjacent to this site restructured and non-restructured pools on the EPA site, 1982-
scheduled for development was placed in three excavated ba- 1984 (**indicates factor significant at the p <.01 level; * indicates
sins and three unmodified disturbed areas. This inoculum con- factor significant at the p < .05 level, no * indicates factor not
tained seeds and propagules of vernal pool plant species and significant at the p < .05 level; separate curves presented for the
eggs and resting structures of vernal pool fauna. We established two pool types).
a 2 x 2 factorial design, with the factors ‘reconstructed/not re-
constructed’ and ‘inoculated/not inoculated’. Because of prac-
tical constraints, this design was pseudo-replicated because éfithough we did not record water levels in the pools during the
the spatial association of the treatments. The results thereforE995-96 season, it was evident that several of these pools had
must be viewed cautiously. Additionally, three relatively undis- not held water this dry year. Some aquatic plant species were
turbed pools from a small preserve approximately 100 m frormot found in pools where they would be obvious in wetter years.
the treatment area were investigated. We observed between six and 18 pool species in the various
pools. The average number of pool species in the reshaped in-
Initial results of the study are reported by Scheidlinger et al.oculated pools was slightly lower than in the three natural un-
(1987) and are presented briefly here. In preparation for thiglisturbed pools (Figure 2). The reshaped non-inoculated pools
paper we inspected the pools and disturbed areas in April 199@veraged fewer pool species than the highly disturbed pools
We recorded all vernal pool plant species (plants which in modwhich were inoculated but not reshaped, but these reshaped non-
erately wet years do not survive to the seed production stag@oculated pools were obviously dryer this season than the dis-
outside of pool basins) we could observe during a 15-20 minutéurbed inoculated pools. The pools that were both reshaped and
search period by two experienced vernal pool restoration spenoculated averaged both higher numbers and higher densities
cialists. Low standing biomass and plant densities in Southeriof Pogogyne abramsgompared with the other pools that had
California pools make it likely that few plant species which received less intervention (Figure 3). Values were not as high,
survived to maturity were missed during these searches. Totddowever, as those in the natural undisturbed pools nearby (Fig-
numbers of the relatively large and prominent individuals of ure 3). The numbers of pool species found in the different pools
Pogogyne abramséndEryngium aristulatunssp parishii, two showed a significant positive correlation with number$.of
endangered plant species which occurred in these pools weabramsiiestimated in these pools (Figure 4). Numbers and den-
counted (for pools with less than 100 individuals) or estimatedsities ofEryngium aristulatunssp.parishii were higher in the
(for pools with greater numbers of plants) by counting indi- reshaped and inoculated pools than in the other pools on the
viduals in representative sections of pools and extrapolatingite (Figure 5). There were o aristulatumssp.parishiiindi-
numbers to the entire pool. Pool areas were measured with dduals present in the small preserve which contained the three
meter tape. undisturbed pools. The modifications to the hydrological char-
acteristics of these relatively undisturbed natural pools which
Results and discussion may have resulted from construction and development of the
adjacent areas possibly caused this species to disappear.
There was a significant positive relationship between maximum
pool depth and total days of standing water for the pools at th8ecause pool vegetation was present on much of the site before
Miramar Rd. EPA site, 1981-82 through 1983-84 (Figure 1).treatments were implemented and because pool species readily
Restructured pools held water significantly longer at giveninvade uninoculated pools with time (see below), the “non-in-
maximum water depths than did non-restructured pools (Fig-oculated” factor probably has less influence on numbers of pool
ure 1). species present in these pools at this time than do water holding
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y =-0.34 + 0.124x + 5.08e-3x2
R2 =0.530 O EPA pools

log(Number of Pogogyne
in Pool +1, 1996)
N

Reshaped Not Reshaped  Reshaped  Not Reshaped Natural Pools
Not Inoculated Not Inoculated  Inoculated Inoculated

0—0—0 T
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Ficure 2. Numbers of pool species present in different treatments of Number of Plant Species, 1996

EPA study pools (means of 3 pools + 1 sem), 1996.
Ficure 4. Numbers of vernal pool plant species and numbers of
Pogogyne abramsjpresent in individual EPA and Caltrans 1-15
characteristics. Highly disturbed pools can hold water and sup- pools, 1996 (linear and quadratic factors in equations significant
port a consistent complement of pool species, but ruts remain at the p < .05 level).
in pools for decades, and sharp topographical gradients prevent
the expansion of pool species with specific requirements and
tolerances of inundation. The restructured pools on this sitédwo endangered pool species, the restructuring and inoculation
presented a much more “natural” appearance than did the digreatment (which represents the most intensive of the treatments)
turbed pools, with broad bands of plant species correspondingias successful in restoring the pools, although the degree to
to water duration zones. Based on the total numbers of poalhich they resembled the original pools on the site is unknown.
species present and on the persistence and population sizes of
Endangered species have persisted for 15 years after distur-
8000 bance to this tiny preserve (approximately one-third hectare)
which is effectively isolated from other pool areas by fencing,
industrial development, and a wide busy road. A potentially

00001 detrimental effect of the small preserve size includes restricted
gene flow of the species contained herein. A ground-squirrel
4000+ colony and several rabbits in the preserve result in intense her-
bivory on some plant species: the aboveground portions of many
2000 E. aristulatumssp.parishii individuals were largely eaten by
_ e

late spring, 1996.

Number of Pogogyne in Pool (#)

0

I-15 CaLTrRANS PooLs

Rep: 1 2 3 12 3 12 3 12 3 12 3
Tmt: Reshaped Not Reshaped Reshaped Not Reshaped Natural Pools
Not Inoculated Not Inoculated  Inoculated Inoculated Introduction and Methods
801
E In 1985 John Rieger of Caltrans oversaw a project in which 10
% 60- shallow basins were excavated in the right of way of I-15 in
% San Diego, near the State Highway-163 merge. A number of
2 40 natural pools are present within several dozen meters of these
(%) T epr s .
g, artificially constructed pools. Eight of the 10 newly constructed
o pools were inoculated with pool plant propagules and pool sur-
& 207 face soil salvaged from a nearby site. The pools were moni-
g ‘:I tored for two years by Carla Scheidlinger. Pool water levels
. -_1’3 — |;| R R were recorded in the 1985-86 and 1986-87 hydrological years
ep: . . .
Tmt: Reshaped ~ Not Reshaped  Reshaped  Not Reshaped Natural Pools by measuring p00| water depths Immedlatew after storm events
Not Inoculated Not Inoculated  Inoculated  Inoculated and every 3-4 days thereafter until pools were dry. Pool species

Ficure 3. Numbers and densities Bbgogyne abramsiin 15 EPA present in each basin were noted as above in 1985, 1986, 1987,
study pools, 1996 (tmt = treatment, rep = replicate).
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400 DeL MAR MEesa CALTRANS AND MIRAMAR RoaD Navy
ARTIFICIAL PooLs

300 _ _
Introduction

200- We have been involved in large vernal pool creation projects at
two different sites, one for the California Department of Trans-
portation (Caltrans) and one for the U.S. Navy. Although these
100+ projects were initiated at different times and in different sites,
there were common factors involving the construction of the
groups of pools and we have been studying them with the same

Total Number of Eryngium in Pool

0 .
Rep: 1 2 3 12 3 12 3 12 3 methods, so the results of the studies of these pools are reported
Tmt: Reshaped Not Reshaped Reshaped Not Reshaped together,
Not Inoculated Not Inoculated Inoculated Inoculated

Del Mar Mesa Caltrans Pools

IN
1

In late fall 1986, 40 artificial basins were constructed on Del
Mar Mesa by a private contractor under the direction of Caltrans
personnel. Thirty-seven of these were seeded with inoculum
collected by hand collecting individual plants, and raking, shov-
eling and vacuuming meter wide transects through nearby natu-
ral pools in an attempt to induce the development of vegetation
assemblages similar to those occurring in natural vernal pools.
Poor success in supporting vernal pool vegetation by some of
Repp 3 53 = 53 these pools led us to modify and compl_ne some pools ar_1d to
Tt Reshaped NotReshaped  Reshaped  NotReshaped con_struct several new pools. In_ the |n|t!al pool construction, _
Not Inoculated ~ Not Inoculated  Inoculated Inoculated basins were excavated in the existing soil grade and excess soil
was removed from the site. In subsequent construction activity
surface soil was stockpiled, basins were excavated, and surface
soils were spread back over the excavated basins. The project is
intended to mitigate the loss of individuals of the endangered
Pogogyne abramstiaused by extension of State Road 52. Dur-
and 1996. We estimated number&ofjogyne abramsin each ing the course of this projeetyngium aristulatunssp parishii
basin as above where this species was present in spring 1996@vas placed on the Federal endangered species list.

N w
N 1

[y
1

Eryngium Density (plants/mz)

Ficure 5. Numbers and densitiestefyngium aristulatunssp parishii
in EPA study pools, 1996 (natural pools did not corEjmgium
tmt = treatment, rep = replicate).

Results and discussion Water-holding characteristics of pools were determined by re-
cording pool water depths immediately after storm events and

The pools showed a wide variety of water regimes. Two poolsevery 3-4 days thereafter until pools were dry. Plant species
were dry, not holding water in 1986-87 and probably not inpresent in each pool were recorded at 1-2 month intervals from
1995-96. Another pool was extremely wet, receiving water frominitial pool wetting until vegetation was dry by 15-20 minute
a pipe draining the adjacent freeway. Numbers of pool speciesearches by experienced vernal pool researchers at times when
in these pools in 1996 were 0, 0, and 3, respectiPelyogyne  various species were blooming or at peak vegetative develop-
abramsiiwas present in five of eight originally inoculated pools ment.
in 1996, although in the very wet Pool 4 the population con-
sisted of only three individuals. As we found in the EPA Miramar In late spring, when we could sample vegetation with minimal
Road pools, there was a significant correlation between numimpact on pools, we recorded cover and plant species presence
bers ofP. abramsiiand numbers of pool species (Figure 4), in | dn? quadrats at regular intervals along permanent transects
although the relationship was unique for each set of poolsrunning from pool margin to pool margin through pool centers.
Eryngium aristulatunssp.parishii did not occur on this site, Cover was measured by examining 10 cm x 10 cm quadrats
although large populations of this species occur in pools lessith a point-frame sampler with a double thread layer forming
than 1 km from this location. This project has been successfula grid with intersecting points at equidistant intervals. At each
so far, in increasing the regional populatiofPodbramsij but of the 25 nodes of the grid we recorded underlying cover type:
in view of the apparent extirpations of this species at the siteyegetation, plant litter, rock, or bare ground. Plant standing bio-
the prospects for long-term success are questionable. mass was measured by harvesting all aboveground plant biom-
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y = 105.8% - 23.6x** + 1.4x2**

=-7.49 + 16.2(pool type*) +
y (pool type*) 801 R2=0.714,p < .01

1.85(ppt**), R2 = 0.513, p < .01

1004 601

40+

501

201

Del Mar Mesa
® 40 artificial pools
o o 6 natural pools

(Average Duration of Natural Pools)

Average Total Water Duration (days)
(Average Duration of Artificial Pools) -

1987 1988 1989 1990 1991 1992 1993 1994 1995

10 20 30 40 50 Year

Total Seasional Precipitation (cm)
Miramar

y=29.9 - 12.7x + 0.90x2

1501 y=6.86"* + 1.8(ppt**) R2 20,503 po 05

R2=0.683, p < .01

100

504

Miramar

e 23 artificial pools
o 9 natural pools

(Average Duration of Natural Pools)

(Average Duration of Atrtificial Pools) -

1989 1990 1991 1992 1993 1994 1995
10 20 30 40 50 Year
Total Seasional Precipitation (cm)

Average Total Water Duration (days)

Ficure 7. The difference in average total days standing water for

Ficure 6. Seasonal total precipitation and total days standing water ~ artificial and natural (series 290 for Miramar) pools. Upper graph
averaged by pool type (natural or artificial). Upper graph is for is for Del Mar Mesa pools 1986-87 to 1994-95 and lower graph is
Del Mar Mesa pools 1986-87 to 1994-95 and lower graph is for ~ for Miramar pools 1989-90 to 1994-95 (** factor significant at

Miramar pools 1989-90 to 1994-95 (no * indicates factor not  the p <.01 level; * factor significant at the p < .05 level, no * indi-
significant at p < .05 level). cates factor not significant at the p < .05 level).

ass in five randomly located 20 x 20 cm quadrats in 4-5 naturaseed bearing characteristics of the plants. Population numbers
and 4-5 artificial pools at each site. of Eryngium aristulatunssp.parishii were counted (in pools

with fewer than 75 individuals) or estimated by counting plants
Pools were surveyed for numbergrofjogynédy two different  in subsections of pools and extrapolating numbers to entire pool
methods: 1) in early summer, when this species was at peabasins.
bloom and most conspicuous, we made a cursory visual survey
in which we quickly counted numbers of plants in pools with Miramar Road Navy Pools
low total numbers (i.e. less than 50), and estimated numbers of
plants in pools with larger populations; and 2) later in the sum-Two experimental basins were excavated in the late summer of
mer, after plants had set seed, a subset of pools at each site wig387 on Naval Air Station (NAS) Miramar. As was the case
examined with population transect sampling. Three to 10with the initial Del Mar Mesa artificial pools, the soil was sim-
transects at one to four meter intervals were established by ruply removed to produce shallow pool-shaped excavations. The
ning lines perpendicular to a tape placed along the longest axispoil was placed on a badly disturbed adjacent site. These pools
of each pool. All individuaPogogyneplants were counted in  were inoculated with plant propagules and surface soil scraped
successive 1 x 1 dm quadrats along these transects. Dependifigm nearby natural basins. Because these basins had reason-
on numbers oPogogynewe expected to find along transects, able water-holding characteristics compared with natural pools
we harvested alPogogynein every quadrat (in pools which on the site, the following year we excavated twenty-three shal-
had sparse populations) or a subsample of quadrats chosenltav basins in the same general area. For these basins, however,
represent the range of elevation and plant densities (in pool&0-20 cm of surface soil was scraped from the planned pool
which had dense populations), in order to sample the size anarea and stockpiled, then 10-20 cm of subsurface soil was re-
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Depth: y =13.0* - 0.37x** +
5.7e-2x2*, R2 = 0.490
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Total Water Duration (days)
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o
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Pool Total Water Duration (days)

o
° 401 y = 23.9% + 3.7x** - 4.3 2x2*
207 . - o N R2=0.591, p < .01
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0 y g y 20 y " v )
0 5 10 15 20 25 0 10 20 30 40
Total Number of Pool Species Present Maximum Water Depth (cm)

Ficure 8. Number of pool species present in natural and artificial poolsFicure 10. Maximum depth and total water duration for all natural
on different sites and pool maximum depths or maximum days  pools in different areas, 1994-95 rainfall season (** factor sign-
standing water, 1994-95 rainfall season (** factor significant at ificant at the p < .01 level; * factor significant at the p < .05 level,
the p < .01 level; * factor significant at the p < .05 level, no * indi- no * indicates factor not significant at the p < .05 level).
cates factor not significant at the p < .05 level).

age differences in duration between the artificial and the natu-
moved from the site. The original surface soil was spread overal pools declined for the Del Mar Mesa pools from nearly 90
the resulting hollow to produce pools possessing topographylays at the beginning of the study to fewer than 10 days after
similar to natural pools on the site. nine years (Figure 7). The difference between the average stand-

ing water duration of the artificial pools and that of the natural
Water-holding characteristics, plant species present, and popysools (or that of the Miramar natural pools not influenced by
lation numbers oP. abramsiiandE. aristulatumssp.parishii road runoff, pools 290-293) also declined (Figure 7) to the point
have been monitored in the artificial pools and in a set of eighthat the average duration of all the artificial pools was less than
reference natural pools on the site since 1989 with the samthe average of the four most natural pools on the site. We be-

methods used on the Del Mar Mesa Caltrans pools. lieve that these changes correspond to the development of soil
structure in the artificial pools resulting from plant growth and
Results the development of cracks with repeated wetting and drying
cycles.

Pool water holding characteristic8vater durations (total days

with any standing water) in the artificial and natural pools Pool species richness, plant cover, and biom#@ke.numbers

showed a positive correlation with seasonal precipitation totalof aquatic and semi-aquatic plant species found in natural pools

(Figure 6). The atrtificial pools on both sites averaged greateshowed positive correlations both with maximum pool depths

water durations than the reference natural pools, but the aveand total water durations (Figure 8) with broad differences due
to area (Figure 9). Although maximum water depth and total
water duration showed a positive correlation (Figure 10) num-

£2°] o Del Mar Mesa bers of species present were more highly correlated with total
= + Miramar Road days water duration (Figure 8). A partial correlation, in which
3 201 © Murphy Canyon, upper mesa - . . . .
2 A Murphy Canyon, lower mesa o, tr number of pool species was correlated with either maximum
p x Otay Mesa border o o ® o, pool depth or total water duration, statistically holding the other
()
S 151 o oo ADD
(7]
o o om A A O
173} o o ] JAY
— A A . . .
S 10+ A Aa o TaeLe 1. General linear model testing the factors of water duration
9(_; A8 (squared) and pool type (natural or artificial) against number of
5 51 § U o pool species present, 1994-95 rainfall season.
o)
g x " N x
Z o - . S . . r=.6365

20 40 60 80 100

Source of variation df Sum of SquaresFratio p>F

Total Water Duration (days)
pool type 1 33.410 3.943 0.0493

Ficure 9. Numbers of pool species in natural pools in five different )
water duratioh 2 1608.025 94.892 0.0000

areas and pool total water durations, 1994-95 rainfall season.
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& 30, 25
= O artificial pools y = 4.45* - 0.93(pool type**) +
o o natural pools 204 [0-19(ppt™), R2 = 0.620, p < .01
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2 o &° o © ® 40 artificial pools
IS o o o o o 6 natural pools
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20 40 60 80 100 10 20 % 40 50
Total Water Duration (days) Total Annual Precipitation (cm)
Ficure 11. Water duration and number of pool species present in natural
and artificial pools, 1994-95 rainfall season. 25+ | ¥ = -4.31 + 1.36(pool type*) + 1.15(ppt*) -
0.014(ppt2*), R2 = 0.765, p < .01
5 5 201
variable constant, resulted in a correlation coefficient (r) of 0.676 & g
for water duration, but only of 0.078 for maximum water depth. § @ 159
Presumably, long water durations more effectively eliminated ¢ 3 10
. . . . . . (=] T
invading upland species than brief periods of deep water. Sixty & @ s MIRAMAR
artificial pools that we studied in 1994-95 had water duration- 2 § o o natural bool
. . . . natural pools
number of pool species relationships very similar to natural o 20 artificia pools
pools the same year (Figure 11, Table 1). 0 : : : ,
10 20 30 40 50

. . e Total Annual Precipitation (cm
Numbers of pool species in natural and artificial pools at the P (em)

Del Mar Mesa and Miramar sites showed positive correlationsFicure 12. Numbers of pool species present in natural and artificial
with seasonal precipitation totals (Figure 12). At Del Mar there  pools averaged by pool type. Upper graph is for Del Mar Mesa
was a significant effect of pool type, with artificial pools hav- 1987-1995 and lower graph is for Miramar 1989-1995 (**
ing fewer pool species at given precipitation levels than natural indicates factor is significant at the p < .01 level; * indicates factor
pools (Table 2), whereas at Miramar the effect of pool type was is significant at the p < .05 level, no * indicates factor not significant
not significant (Table 3). In dry years, species can be expected at the p < .05 level).
to have both low germination and low survivorship so that some
will be absent at the time of sampling.

bits (Zedler and Black, 1992), but as the pools were visited
Pool species colonization of uninoculated baskidoth sites  frequently during monitoring, inadvertent human dispersal may
three artificially constructed pools were left uninoculated andalso have played a role.
checked each year for presence of pool species. Numbers of
pool species increased in these pools (Figure 13). There was\gegetation cover and plant biomag$ant cover measured by
significant relationship between numbers of pool species anghoint frame sampling of vegetation quadrats along transects
both total seasonal precipitation and numbers of pool speciethrough a subsample of both pool types at both pool sites in-
the previous year (Table 4) for these uninoculated pools. Somereased with seasonal precipitation (Figure 14), as did current
of the dispersal to uninoculated basins can be attributed to rakyear’s plant biomass (Figure 15).

TasLE 2. General linear model testing pool type (natural or artificial), TaeLe 3. General linear model testing pool type (natural or artificial),
seasonal precipitation total, and their interactions against numbers  seasonal precipitation total, and their interactions against numbers

of vernal pool species present in the Del Mar Mesa pools. of vernal pool species present in the Miramar pools.
r’ = .620 r> = .5375
Source of variation df Sum of SquaresFratio p>F Source of variation df Sum of SquaresFratio p>F
pool type 1 15.5924 49549 0.0418 pool type 1 26.0579 2.8267 0.1209

seasonal precipitation 1 61.5016 19.5439 0.0005 seasonal precipitation 1 91.7712 9.9550 0.0092
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201 O 6 natural pools
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Ficure 13. Numbers of pool species in non-inoculated pools at Del Seasonal Precipitation Total (cm)
Mar Mesa (300 series pools) and Miramar (400 series pools). 100 -
<
. . . . 804
Populations of rare specieBoth these projects had as the pri- ¢
mary objective the establishment of new populatior2ogjo- o
c 601 y = 13.08% + 1.73x**
S
T

gyne abramsiilnitial population sizes of this species in Del
Mar artificial pools were moderate, declined during the drought £
years 1989-1991, and have increased during the past sever@’ 401
years (Figure 16). At this site there is a significant relationship =
between seasonal precipitation totals and average artificial popu8 20-
lation size (t=0.89, p < .01, Figure 17). For the artificial pools ¢

R2=0.581, p < .01

MIRAMIR
O 6 natural pools
o 10 artificial pools

at Miramar, which hold water for longer periods of time than 0 , , , , '

the Del Mar artificial pools, there was no correlation between 10 20 30 40 50 60
seasonal precipitation totals aRdabramsiipopulations in ar- Seasonal Precipitation Total (cm)

tificial pools (? = 0.20, p > .05). Ficure 14. Percent vegetation cover averaged by pool type and total

seasonal precipitation. Upper graph is 1987-1995 for Del Mar

Several artificial pools (and one natural study pool) have had Mesa pools and lower graph is 1988-1995 for Miramar pools (**
apparent extirpations & abramsii- that is years in which no factor significant at the p < .01 level; * factor significant at the p <
individuals survived to flowering. We use the term “apparent .05 level, no * indicates factor not significant at the p < .05 level).
extirpations” because other studies have shown that the seedbank
of P. abramsiiis persistent and that populations of this species
can reappear after being absent for several years. pools, although it has not established consistent populations in

these pools. In contrast, it did not invade any of the uninoculated
The proportion of artificial pools with apparent extirpations of pools at Del Mar, although it became well established in one
P. abramsii atDel Mar is highly correlated with seasonal pre- pool one-to-two years after this part of the project was termi-
cipitation totals (Figurel8). At Miramar a single inoculated pool nated and seeds of this species were placed in the pool. Al-
has not supported this species to flowering in two dry years. AthoughP. abramsiimay apparently become extirpated in a pool,
this siteP. abramsiihas appeared in two of three uninoculated the seeds may remain viable in the soil for at least seven years,

based on the results of an experiment we are conducting at the

Miramar site.
TasLE 4. General linear model testing seasonal precipitation total and
numbers of pool species in the previous year against numbers of MurpPHY Canyon PooLs
vernal pool species present in Del Mar Mesa and Miramar unin-
oculated artificial pools (interaction term not significant). Introduction and Methods
2= 6129 In fall, 1992 we began studies on the water-holding character-
Source of variation df Sum of Squares F ratio p>F istics and vegetation of pools and depressions on the upper mesa

of the U. S. Navy Murphy Canyon vernal pool reserve site with
the goal of evaluating them for their suitability for restoration
or enhancement as habitat Rmgogyne abramsiNatural pools

seasonal precipitation 1 252.2890 27.7477 0.0000
previous year # species 1 164.2480 18.0646 0.0001
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15 )éz = 0_42;,) < ,(),(1 s Ficure 16. AveragdPogogyne abramspopulations in artificial pools
£ at Del Mar Mesa and Miramar (mean + 1 sem).
= MIRAMAR
= O natural pools
D101 ifici .
; ® artificial pools / 18). A larger proportion of the Murphy Canyon natural pools
g had no individuals oP. abramsiisurviving at given precipita-
& ol ¢ {' tion levels, however. This species became established in the
= ¢ modified and inoculated pools the first year after they were deep-
a % N 9 ened and inoculated (Figure 20). Each of the three years since
o establishment in these pools, the average population humber
10 20 30 40 50 was greater than in the set of natural pools in wRicbramsii
Seasonal Rainfall Total (cm) was found.
Ficure 15. Standing biomass in unfenced pool sampling quadrats
averaged by pool type and year, and total seasonal precipitation. ConcLusioNns— WHAT Has BEEN LEARNED?
Upper graph is Del Mar Mesa, 1989- 1995, and lower graph is
Miramar, 1989-1995 (mean + 1 sem). Can “Success” be Claimed?

It is the nature of endangered species management that project
on the site support healthy populations of this species despité&success” for creation and restoration has come to be narrowly
past abusive land uses. Several of the pools had served as dumgfined and almost as much a matter for lawyers as for biolo-
sites for domestic refuse in the recent past, and others had begists. This discussion therefore requires a disclaimer: we offer
impacted by construction equipment. After one year of studyno opinion of whether or not any of the projects has met the
we smoothed ruts, slightly deepened, or removed trash fronstipulations of the U. S. Fish and Wildlife Service, the Califor-
seven pools on the site and added a berm to the lower edge pnia Department of Fish and Game, or other regulatory agencies
one large poolPogogyne abramssgeeds collected from pools involved. In a general biological sense, success of species is
on the site were added to six of the pools that had previouslynostly a matter of persistence. If a reserve still has the target
not supported. abramsiiand to one pool that had contained species present after a period of time has passed, something
only five plants in the initial year of study. Pool water holding that could reasonably be called success has been achieved — but
characteristics and vegetation properties were measured amly up to that point. By that very lax standard, all of the project
above. areas have been “successes”Pogogyne abramsiiThat is,

we have shown tha&. abramsiiwill persist for at least 5-10

Results years in artificially constructed and restored basins.

The average size #ogogyne abramspopulations in the ex-  With hindsight, this does not seem surprising. Prior to the imple-
isting pools on this site showed a positive correlation with totalmentation of more stringent control of access, many vernal pool
seasonal rainfall (Figure 19) and function appeared was similaareas in San Diego County were subject to vehicle disturbance.
to that of the Del Mar artificial pools. The percentage of naturallt is not uncommon foP. abramsiito establish populations in
pools with apparer®. abramsiiextirpations showed a negative what are clearly either severely disturbed portions of natural
correlation with increasing seasonal precipitation totals, agairpools or road ruts created by vehicles when the soils were satu-
similar to the function for the Del Mar artificial pools (Figure rated. This would not be expected if there was some specific
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0.87 y = 0.63 + 7.4e-3x - 2.65e-4x2
R2=0.568, p>.05 © 26 Murphy Canyon natural pools

O Del Mar Mesa

arcsine(square root(Proportion of
Inoculated Atrtificial Pools with
Apparent Pogogyne Extinction))

Average Pogpgyne Population Size

% ® Miramar
1.0 $ T T T . 0.11 | y=0.33*+1.75e"2x* - 4.72e4x2
' 10 20 30 40 50 R2 =0.747, p<.01 e 30 Del Mar Mesa artificial pools
initati 0.0 T T T Y
Seasonal Precipitation Total (cm) 10 20 2 0 .

Ficure 17. AveragePogogyne abramspopulation sizes in artificial Seasonal Precipitation Total (cm)

pools at Del Mar Mesa (1987-1996) and Miramar (1989-1996) Ficure 18. Proportion of Del Mar Mesa inoculated artificial pools and
and seasonal precipitation totals. (Del Mar Mesa motel(R888, Murphy Canyon natural pools with appar@agogyne abramsii
p <.01; Miramar model, R= 0.197, p > .05). extinction and seasonal precipitation totals (** factor significant
at the p < .01 level; * factor significant at the p < .05 level, no *
indicates factor not significant at the p < .05 level).
quality of natural pool basins that is requiredmyabramsii
and other vernal pool plants.
mean, of course, that the result is a pool indistinguishable from
But it is important to note that these ruts and all of the artifi- natural pools.
cially constructed and restored pools discussed in this paper
are located adjacent to natural pools. We know of no instance Should Vernal Pool Creation and Restoration
whereP. abramsiihas colonized constructed basins removed be Encouraged?
from natural pools, and its ability to survive in artificially con-
structed wetlands outside of historical vernal pool areas is queddabitat creation remains a controversial subject. Our results
tionable. If reasonable success for the establishmeRt of have something to offer both sides of the debate, but we con-
abramsiican only be assured when pools are constructed amoninue to advise that habitat creation not be relied on to offset
or near existing pools, the utility of pool creation as a mitiga-losses of natural habitats. On the positive side, we have shown
tion measure is seriously in doubt. The main purpose of poothat it is possible to create new vernal pool basins and to have
creation would then be to increase the proportion of the landpopulations of vernal pool plants, including endangered spe-
scape that is vernal pool basin, thereby potentially increasingies, persist for more than a decade. In some cases, this has lead
the total population size & abramsii Although this is atheo- to artificial pools that are statistically and in some cases visu-
retical possibility, it raises questions about trading off one habitaglly indistinguishable from natural habitat. On the negative side,
type for another and whether larger population sizes in smallve can offer no assurance that the degree of success achieved
areas necessarily result in decreased probability of extinctiono this point will persist into the future. We have also shown
of the endangered species (Zedler et al., 1993). that in at least some pools the hydrology is changing to become
more like natural pools, but without detailed knowledge of the
The capacity oP. abramsiiand other vernal pool plants to sur- causes of this change, it is not possible to extrapolate this trend
vive in newly constructed pools is perhaps also to be expectedith confidence.
because of their evolutionary history. A species that is special-
ized both for shallow inundated habitats and also for very parNo data are necessary to identify one serious negative of habi-
ticular soil conditions is not well suited to the continuously tat creation — the loss of information that occurs when a natural
changing conditions of the California landscape in the last mil-habitat is destroyed. The unique history and properties of a natu-
lions of years. Dependence on continued presence of a soital habitat cannot be simulated. A natural system like a vernal
topography/hydrology association would seem highly risky. pool may be compared to a valued historical building, the Cali-
Rather, one would expect the vernal pool flora would be spefornia state capitol , for example. At any moment, they both
cialized primarily for temporary inundation, and only second- provide habitats for organisms — peopld?ogogyne abramsii
arily if at all for particular substrates. This may explain why the — but they have a meaning and value beyond their current utili-
novel conditions of artificial basins pose no great impedimenttarian purposes. Both have aesthetic value, and even to those
to vernal pool species. If the hydrology is appropriate, the nawho perceive no beauty they have historical significance. But
tive vernal pool flora is capable of occupying it. This does notunlike a building, a vernal pool landscape stretches back for
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Ficure 19. Seasonal precipitation totals and aveRagmgyne abramsii ~ Ficure 20. AveragePogogyne abramsipopulation numbers in
population sizes for Murphy Canyon natural pools and Del Mar unmodified pools and modified and inoculated pools (means + 1
artificial pools. sem).

thousands to millions of years, and this immense history is reare concerned that they be utilized in appropriate situations.
corded in the soils, topography, and genetic structure of théreservation of high quality natural habitat in sufficiently large
resident populations. This information can be read by the methand well-managed reserves must remain the primary objective
ods of science. A careless destruction of such historical reposif conservation efforts.
tories is a loss of information. It is difficult to put a price on this
loss, but we can say that it cannot be compensated for by the LiTerATURE CITED
creation of new habitats.
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Restoration of vernal pools is perhaps a less controversial sub- Southern Academy of Sciences, Los Angeles, CA.
ject, though depending on the circumstances we are not sure
that it should be. A weaker form of the arguments made above
apply as well to restored habitats. There is no assurance of suc-
cess, and restored pools, unless restored from only minor dis-
turbance, do not have the same historic and scientific interest
as undisturbed pools. There is no way to mitigate for the loss of
historical information or historical context. We therefore also
caution restraint in seeing restoration as an acceptable mitiga-
tion for the loss of high quality (little disturbed) vernal pools.

We believe that both habitat creation and habitat restoration
have a role to play in conserving natural communities, but we
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