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I. EXECUTIVE SUMMARY

This report represents the ddiverable product resulting from Task Order Number 1 of a
Statisticd and Ecologicd Services Agreement under Contract No. 53-91U9-1-1C15,
made between the USDA Forest Service and Pecific Analytics, LLC.

In the initid phase of this project, Pecific Andytics reviewed the rdevant literature on
categorization and monitoring of specid habitats avalable in severa dectronic literature
databases. Specid attention was pad to the Sera Nevada region, dthough pertinent
literature from other regions of North American and abroad were considered as well.

This report describes the process of literature sdection and review. Discusson of the
literature as it relates to the problem is provided. Literature regarding four specia aguatic
habitats was reviewed. In the discusson of the literature we present key attributes for
eech habitat, followed by a discusson of the important physicd, flord, and faund
atributes of the habitats. Findly, where appropriate, a discusson of the magor
disturbance factors is included.

Following the habitat literature reviews is a narative regarding the criteria for sdlecting
monitoring attributes and an evauation of the proposed habitat categories. Based on our
preliminary assessment of literature, it gppears that the habitat classfication scheme
proposed by the Sierra Nevada Framework Project Monitoring Team is appropriate,
athough more monitoring variables should be included.
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Included in this report is an in-depth discusson of monitoring and  monitoring
recommendations, and a summary lis of gpecific monitoring recommendations with brief
judtifications.

Acknowledgements and a complete bibliography follow the recommendations chapter.
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[I. INTRODUCTION

Water resources of the Serra Nevada are vital to the economy and biologica diversity of
Cdifornia The water runoff from the Sierra Nevada Mountains supplies a mgor share of
water and hydrodlectric power to the Cdifornia’s agriculture, urban centers and indudiry,
supports vast areas of wetland habitats, and ultimately sustains the estuary ecosystem of
the Sacramento-San Joaquin Delta (Erman 1996, Jennings 1996, Kattemann 1996,
Moyle 1996). The Sierra Nevada ranks as a “globaly outstanding” ecoregion due to its
unusudly high organismd species richness and endemism (DedlaSda 1999). As much as
25% of gecies of some of Cdifornids aquatic invertebrates including soneflies
(Plecoptera), and mountain midges (Diptera), and 20% of mollusks are endemic to the
Sera Nevada (Erman 1996). Almost 50% of amphibians inhabiting the Sierra Nevada
are endemic to this region (Jennings 1996). Diverse aquatic habitats of the Sierra Nevada
aso support a high number of sensitive species.

The biota of specid aguatic habitats such as bogs, fens, sorings, seeps, mountain ponds,
gndl fird- and second-order streams, and vernd pools forms a sgnificant component of
the overdl biologicd diversty of the Sera Nevada and the State of Cdifornia These
habitats provide unique microhabitat environments for assemblages of sengtive species.
For example, the habitat didribution of the Cdifornia pitcher plant (Darlingtonia
californica) is redricted by the avalability of cool running water conditions found in
perennidly wet fen seeps (Coleman and Kruckeberg 1999, Nyoka and Ferguson 1999).
Senecio clevelandii grows on serpentine spring seeps in the Sierra Nevada (Jepson 1957,
Harison et d. 1999) and the western lily (Lilium occidentale) can be found in bog
habitats (Mize 1990). The highly endemic Yosemite toad (Bufo canorus), and the
mountain yelow-legged frog (Rana muscosa) require high-elevation ponds as breeding
habitats (Jennings 1996, Shaffer et a. 2000, Knapp and Matthews 2000). Vernal pool
complexes scattered throughout the western foothills of the Sera Nevada support

Pacific Analytics, LLC 3
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numerous sendtive gpecies of plants and animds including the Butte County
meadowfoam (Limnanthes floccosa californica), Boggs Lake hedge-hyssop (Gratiola
heterosepala), consarvancy fary shrimp (Branchinecta conservatio), or the Cdifornia
tiger sdlamander (Ambystoma californiense) (Anonymous 1997, Kedler-Wolf et a. 1998).

Specid wetland habitets dso have a grest higoricd vaue. Native Americans frequently
used vernad pools as food-gethering and ceremonid dtes (Anonymous 1997), and the
preserved vegetation remains in pesatlands can serve as indicators of climate changes and
the successon and evolution of surrounding habitats (Erman 1976, Klimanov and Sirin
1997, Wdtzin et d. 2000). Fens in Sera Nevada meadows dso have sgnificant
recreationd vaues (Bartolome at €. 1990).

Despite their grest economic and biological vaues, agudtic habitatls are the mogt
threatened ecologica communities in Cdifornia (Jensen e d. 1990). The Serra Nevada
iS no exception to this trend as indicated by a decline in the loca populations of
indigenous species of fish (Moyle and Williams 1990, Moyle & d. 1996), amphibians
(Jennings 1996), and aquatic invertebrates (Erman 1996). For example, Jennings (1996)
warns that small aquatic habitats of the Sierra Nevada such as springs, seeps and bogs are
the most affected aguatic habitats that support imperiled amphibian taxa.

The Sierra Nevada Framework Project Monitoring Team of the USDA Forest Service has
made preliminary decisons for monitoring specid aguetic habitats in the Sierra Nevada,
Cdifornia as pat of an effort to build a knowledge database to evauate the integrity and
sudanability of these biologica resources. The Team has grouped specid aquatic
habitats into four maor groups comprisng (1) springgseeps, (2) bogdfens, (3) smdl
ponds, and (4) vernd pools, and has sdected preiminary monitoring variables for each
habitat category. This current classfication scheme is based predominantly on water

Pacific Analytics, LLC 4
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qudity and habitat vegetation characteristics. These and other attributes need review and
evauation as monitoring variables.

The USDA Forest Service, IBET Province — Eldorado National Forest has contracted
with Pacific Andytics, LLC to provide ddtigticd and ecologica services to assg the
Sera Nevada Framework Project Monitoring Team. Services will be provided through a
sries of Tak Orders that will be individudly negotiated within the framework of
Contract No. 53-91U9-1-1C15. In Task Order 1, the Forest Service has asked Pacific
Anaytics to provide literature review of specid aquatic habitats. The primary objective
of this review was to identify a sound ecological bads for categorization and monitoring
atributes of these aguatic communities. Consequently, findings of this review should ad
in evauating the decisons made by the Sera Nevada Framework Project Monitoring

Team, and, if appropriate, provide suggestions for aternative monitoring attributes.

Pacific Analytics, LLC 5
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1. METHODS

We broadly searched the ecological literature for studies focusing on the description,
functiond role, conservation, monitoring and management of gpecid aguatic habitats
including pesatlands, spring seeps, ponds and vernd pools usng standard publication
search engines (Agricola 1984-2001, CAB Abstracts 1984-2001, Biological Abstracts
1990 — 2001, and Zoologica Records 1993-1999). Although the primary focus of the
literature search was on the Sierra Nevada Region in Cdifornia, we included studies from
other geographic regions of North America, and the world. The search dring was
comprised of the names of specia aquatic habitat categories and key words “monitoring”
and “management.” The results of this search produced records from worldwide
literature. To obtain records directly relevant to the Serra Nevada, and Cdifornia, we
further crossed the origina search string with these geographic names (Table 1).

The results of the dectronic literature searches in individual databases (n = 467 records)
were imported into a ProCiteO (Version 5, ISI ResearchSoft 1999) database where the
bibliography records were sorted dphabeticdly in an AUTHOR / TITLE / DATE
hierarchy, and numbered in ascending order. A total of 112 duplicate records were
removed from the database, thereby reducing the database holdings to a totd of 355
unique records. We aso extensvely consulted our own bibliography databases, the
OASIS database of the Oregon State University library, literaiure citation ligts in
published aticles obtained during the dectronic search, and those provided by aquatic
monitoring experts to obtain additionad records. All records were evaduated for ther
relevance to the research on specid aguatic habitats in be Sierra Nevada. Attention was
given primaily to unique habitat characteristics of specid habitais that would creste
sound ecologicd basis for their caegorization. Generd literature on monitoring and
management of wetland habitats was also reviewed.

Pacific Analytics, LLC 6
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IV. RESULTS

The prdiminary seach of two sas of dectronic bibliography media including
AGRICOLA, CAB Absracts, Zoologicd Records, and Biologica Absracts media
produced a tota of 13,155 and 8,858 hibliography records, respectively, on specid
aquatic habitats worldwide (Table 1). Each of these records contained reference to at least
one specid aguatic habitat keyword. These are surprisingly high numbers consdering the
fact that we reviewed only that fraction of the rdevant literature published in the past 20
years. Although a large portion of these records focused on extraneous topics including
aquaculture ponds, dudge trestment ponds, or marine cold seeps and vents, a mgor effort

would was required to process this amount of literature.

A totd of 467 records appeared to be applicable to specid aguatic habitats in Cdifornia
This number was further reduced to 355 records after the removal of 112 duplicates.
Despite the vast amount of literature on specid aquatic habitats reported worldwide, we
found only 6 records that were reevant to the Sierra Nevada suggesting a generd lack of
information on these types of biologicd communities in this ecoregion (Table 1). Our
seach gring did not include the key word “spring” in order to smplify the initid
assessment of the literature. A literature search based on this keyword aone produced a
total of 76,207 and 33,627 records in both sets of databases, respectively, and the results

were highly ambiguous owing to the multiple meanings of this search term.

Pacific Analytics, LLC 7
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Table 1. Results of the preliminary literature search on specid aquatic habitatsin

electronic bibliography media

Electronic database /

No. retrieved bibliography records per region

Main search term
AGRICOLA (1984 — 2001)
CAB Abstracts (1984 — 2001) Biological Abstracts (1990 — 2001)
Zoological Records (1993-1999)
Sera Sera
Worldwide ~Caifornia’  Nevada' Worldwide —California’  Nevada'
Pond 7296 251 2 5675 0 2
Bog 2690 22 1 1587 4 0
Fen 2161 14 1 1059 1 0
Peatland 1311 3 0 704 0 0
Seep 216 20 0 253 18 0
Vernal pool 35 27 0 38 22 0
Pond OR bog OR fen OR peatland
OR seep OR vernal pool 13155 332 4 8358 135 2
[Pond OR bog OR fen OR pesatland
OR seep OR vernal pool] AND 205 15 0 189 5 0
monitoring
[Pond OR bog OR fen OR peatland
OR seep OR vernal pool] AND 2125 73 0 2249 51 1
management
T The main search term combined with the name of the state or ecoregion.
Pacific Analytics, LLC 8
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V. DISCUSSION

The discusson of Specid Aquatic Habitatsis organized asfollows

(1) A discusson four habitat reporting unit categories proposed by the Sera
Nevada Framework Project Monitoring Team. Based on the information from
the review, key didinguishing chaacteridics (physcd, flord, faund) of
these habitats, and mgor types of disturbance that may affect their habitat
integrity are identified and discussed,

(2) A discussion ecologicd criteriafor sdecting monitoring attributes,

(3) A summay of the mgor findings and with an evauaion of proposed
categories and ecologicd judification for the separation. Comments on the
raity and conservation datus of gpecid habitat categories in the Sera
Nevada are also included.

V-1. Peatlands (Fens and Sphagnum Bogs)

Fens and bogs (peatlands) are smal wet meadows that form a digtinctive and uncommon
habitat type in the Sera Nevada These habitats, typicaly surrounded by mixed conifer
forests, are important recregtions dtes that support a gspecidized flora and fauna
(Bartolome et al. 1990). Peatlands are dso important because they can affect water and
sediment yidd to dreams (Codtin 1967, Bay 1969). In Cdifornia, where they ae
asociated with nearby perennid springs, peatlands can affect ionic baance and organic
matter concentrations (Erman and Erman 1975). Plant successon and human disturbance

have a strong impact on the quality of these meadows, and concern has been expressed

Pacific Analytics, LLC 9
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about changes in these habitats caused by the invason of pines and other plant species,
and the impacts of human disturbance (Anonymous 1972).

Pedatlands are also consdered important because they are repostories of considerable
ecologicd higory (Erman 1976). The dructure of ancient plant communities and the
climate in which they occurred can be recongtructed from preserved plant remans. The
chronology of their successon is adso contained in peatlands. Interpretation of the
information preserved in peatlands will require further underganding of the way
pesatlands grow, change and function (Walker and Walker 1961). Conservation of hese
habitats will preserve this information until such time that scientists have learned enough
about the systems to interpret the data.

V-1.1. Classification of Bogs versus Fens

Peatland habitats (bogs and fens) generdly develop in either topographicdly fla aress,
river vdleys, or surface depressons (Hofgetter 1983, Segel 1988), where annud
precipitation rates exceed the amount of evapotranspiration (Gorham 1957, Ivanov 1983).
According to Moyle€'s (1996; p. 950) classfication of aguatic habitats of the Sera
Nevada, Sphagnum bogs are marshy wetlands with carnivorous plants and ranid frogs,
whereas fens are minerotrophic, spongy pestlands dominated by non-sphagnum mosses
and sedges |ocated on hillsides and fed by spring water.

The man source of water for bogs is from precipitation (ombrotrophic habitats), whereas
the fen hydrology is regulated by a combination of flowing groundwater discharge and
precipitation (minerotrophic habitats, Erman and Erman 1975, Erman 1976, Siege 1988).
As a reault, the surface water of bogs is dilute, acidic), and poor in mineras, wheress the

pH and minerd concentration of fen waes ae dmilar ae smilar to those of

Pacific Analytics, LLC 10
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groundwater (Erman and Erman 1975, Erman 1976, Glaser et d. 1981, Heinsedman 1970,
Segd 1988).

All fens dudied in the Sera Nevada appear to be hydrologicaly connected with
perennid sorings and seeps (Erman and Erman 1975, Erman 1976), and thus
identification, mapping and monitoring could be included in pedland surveys.
Streamflow from fens are more uniform than from bogs, due to a congant input of
ground water into the former (Verry and Boelter 1978, Siegel 1988).

Bogs and fens have fundamentdly different plant community compostion, hydrology,
nutrient availability, and soil chemistry (Moore and Belamy 1974, Gore 1983, Bridgham
et a. 1996, 1998). Some research has presented evidence that bog and fen plant
communities may change in different directions and magnitudes in response to warming
and changes in waer table devation (Wedzin e d. 2000). This information needs to be
carefully understood and considered before lumping bogs and fensinto a single category.

V-1.2. Peatland Attributes

The naturd festures of pedtlands have recaived little atention in Cdifornia (Erman
1976). Scientists around the world have studied both physical attributes (peat depth, ares,
topography, water chemidry), and biotic attributes (carnivorous plants, vegetation,
vertebrates, and oligiochetes and other invertebrates) of peetlands in regions ousde of

Cdifornia

Pacific Analytics, LLC 11
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Physical Attributes

Peat cores have been used to investigate the evolution of fen habitats. In the fens of the
Serra Nevada for which information is avalable, average peat depth is 17.3 to 84 cm,
with some peat deposts as thick as 416 cm (Erman and Erman 1975, Erman 1976).
Changes in the peat depth can be an indication of down dope movement and extenson of
fens. The thickness of the peat layer buffer affects exogenous factors, protects the
integrity of the habitat, and is dso a good predictor of the biomass of associated
invertebrate fauna (Erman 1976).

Increases in peat depth usudly meen less contact of vegetation with minerd rich water
and a successon toward bog (less productive, more acidic) conditions (Gorham 1957,
Heinsdman 1970). Oligocheete production increases with increesng peat depth at least
over the range from 17.3 to 87.4 cm (Erman and Erman 1975). This may be due to the
greater buffering capacity afforded by deeper than shdlow peats. Chironomid and
ceratopogonid production were not correlated with pest depth (Erman and Erman 1975).

Detalled ecologicd classfications of bogs and fens have used both water chemistry and
vegetation as discriminating criteria (Siegel 1988, Chadde et d. 1998). Temperature, pH,
conductivity, dissolved oxygen, dkdinity, hardness, total and orthophosphate, nitrate,
and slica are some of the atributes measured (e.g. Main and Busch 1992, Chadde et 4.
1998). Bog and fen vegetation very sendtive to changes in pH and concentrations of
cdcium and other nutrients (Clymo 1973). For example, a study of northern Rocky
Mountains pestlands found poor fens had bog like conditions with low pH (4.2 to 5.8),
and a cadcium concentration of 2 to 10 mg/l. Rich fens had very high pH (>7), ad
calcium concentrations > 30 mg/l (Glaser 1987).

Pacific Analytics, LLC 12
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Floral Attributes

The predominant vegetation species of bogs are Sphagnum mosses and ericaceous shrubs
adapted to acidic surface water conditions (Siegel 1988, Wdtzin et a. 2000). Nor:
ericaceous shrubs, sedges (Carex spp.), and a variety of mosses such as Drepanocladus
aduncas (Hedw.) and Cratoneuron filicinum (Hedw.) are dso found in fen habitats
(Erman 1976, Siegd. 1988, Wetzin et d. 2000). Since fens are smal wet meadows, they
show vegetation smilarities to other Sierra Nevada meadows (Bartolome et a. 1990). In
contrast to Sphagnum bogs, fens are farly abundant peatlands in the Sierra Nevada
(Erman and Erman 1975). Erman and Erman (1975) found a great overlgp in faund
compostion between fens and odligotrophic lakes. It is plausble tha monitoring
procedures for lakes could be partidly applicable to fens. Chalet and Rust (1991)
suggest that bogs can localy become critical habitats to some avian species including the
Golden Eagles (Aquila chrysaetos).

In an extendve sudy of fans in lowa, over 225 peatland plant species were identified
(Pearson and Leoschke 1992). Carex stricta and Eupatorium maculatum were the most
common graminoid and forb species, respectively, and Solidago spp. commonly occurred
on disturbed dtes. Severd vascular plant species in the western United States have been
identified as indicators of peatlands in lowa (Holte 1966, Pearson and Leoschke 1992), in
Minnesota and Wisconsin (Eggers and Reed 1987), Montana (Mantas 1993, Chadde and
Shelly 1995), and the Northern Rocky Mountains (Chadde et a. 1998). The lists are

extensve and the literature should be consulted for complete details.

Pants can be indicators of water quality, and habitat condition and integrity (Chadde et
a. 1998). For example, dense stands of sedges, spike rushes, and other grasdike plants
are bedieved to indicate nutrient rich soils in Rocky Mountain peatlands (Chadde et A.
1998). After comprehensve inventories of peatlands in California are complete, vascular
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plants are certain to be discovered that are good indicators of biotic integrity of these
speciad habitats as well.

Diatoms are dgae that have been shown to provide an excdlent means of documenting
water quality characterigtics (Patrick 1968, Main and Busch 1992). The diatoms present
in peatland habitats change in response to the chemicd and physicd properties of the
water itsdf and ae good monitoring attributes (Man and Busch 1992). Diatoms
accurately reflect water conditions such as conductivity, adkdinity, and hardness, but do
not respond quickly to pH (Main and Busch 1992).

Faunal Attributes

There is a limited life zone for invertebrates in the fen because oxygen extends down
only a few centimegers (Erman and Erman 1975). During <sudies of pestland
invertebrates, scientists have measured eevation, area, peat depth, July aerobic limit,
dissolved oxygen, temperature, pH, Ca™, Mg, and looked for correlations with
invertebrate species presence and abundance (Erman and Erman 1975). Monitoring
atributes will be difficult to sdect before comprehensve inventories of invertebrates in
Sierra Nevada pedatlands are made, and compared to sudies in other regions.

While the fauna of European peetlands has been dudied extensvely (Harnisch 1929,
Macfadyen 1952, Nielsen 1955, 1961, Cragg 1961, Banage 1963), little work done on
fauna of bogs, fens and other peatlands in the United States (Erman and Erman 1975).
The invertebrates of some pesatlands in Cdifornia have been gudied in detall (Erman and
Erman 1975), but much information remains to be collected about the species of insects
that depend on pedtland conditions for survival. Some of these invertebrates are
important pollinators of some rare plants have been sudied in detal (eg. Darlingtonia
californica Torr., Nyoka and Ferguson 1999). Others may serve ecologica functions such
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as recycling nutrients and controlling invasve plants and be good indicators of processes
and functions that contribute to habitat integrity (Karr et d. 1986).

In a detailed study of a Sierra Nevada peatland near Sagehen Creek, scientists recorded at
leest nineteen species of the macroinvertebrates (Erman and Erman 1975). Aquatic
Oligochaetes were the most abundant invertebrate group, followed by flies (Chrinomidae
and Ceratopogonidag) and nematodes. Nematode numbers were as high as 1,053 m? and
sometimes had higher dengties than chironomids. The results of this study showed that
Oligochaete production generdly increases with peat depth, but that dipteran production
was not correlated with peat depth. The scientists concluded that Oligochaete survival
probably declines in shalow fens but that Diptera species are probably less susceptible to
extreme environmenta changes.

Studies in  northern Rocky Mountain  peatlands found a lage diversty of
macroinvertebrates (Rabe and Savage 1977, Rabe et a. 1986, 1990, Rabe and Chadde
1995). This indicates that many more macroinvertebrates will be found associated with
Cdifornia pestlands. Inventories of peatland macroinvertebrates will probably be
necessary before specific monitoring questions of interest can be devel oped.

V-1.3. Major Disturbance Factors

It has been suggested that wet meadows, including fens, are rdatively stable ecologica
sysems serdtive only to changes in thar physcd environment, primarily hydrology
(Benedict 1982, Bartolome et a. 1990). Nevertheless, due to a paucity of studies on the
hydrology of pedtlands, it is very difficult to predict the cumulative effect of disturbances
on their hydrologic functions (Segel 1988). Some research has suggested that only a
minute amount of groundwater input (a few percent by volume) may dgnificantly dter
the water chemistry of bogs, and trigger transgresson of bog vegetation by fen species
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(Segel 1983, 1988). For example, Clymo (1973) suggedts that fen vegetation can out
compete Sphagnum mosses at levels of pH above 4.5.

Water levels and nutrient concentrations of incoming water are identified as the two most
criticd factors affecting the abundance and didribution of peatland species in the
northern Rocky Mountains (Chadde et al. 1998). Factors like fire, drought, and beavers
bring periodic changes in these two factors and consequent shifts in locatiion and
abundance of peetland species. Direct impacts that may threasten the integrity of pestland
ecosystems and asociated plant and anima  populations include ditching and drainage,
pest mining, livetock grazing, water flow regulaion, and invason by exotic plant
species. Livestock grazing causes trampling and remova of vegetaion and may result in
s0il compaction and dtered hydrologic conditions.

Indirect effects may be changes in water chemistry. Removing beaver from peatlands
may have negdive impacts on the overdl functioning of the ecosystem. Long-term Satic
water levels can lead to the gradua depauperization of the flora in peatlands (Crum 1988,
Chadde et d. 1998). System integrity may potentidly be threstened by adverse dteration
of hydrologic regimes and nutrient regimes. Off-dte management activities like timber
harvest, road building and livestock grazing that dter hydrologic and nutrient regimes
may aso adversaly impact peatlands (Chadde et a. 1998).

Grazing gppears to affect fens in two generd ways 1) by modifying the vegetationd
dructure of the plant community through sdective utilization of plant species and 2) by
atering the physica structure of the wetland by trampling (Pearson and Leoschke 1992).
Sdective grazing of paaable grasses and forbs appears to increase the reative
abundance of Carex stricta and Helianthus grosseserratus, both of which posses coarse,
scabrous foliage of low pdatability to cattle (Pearson and Leoschke 1992). Heavily
grazed fens may become hummocky, often exhibiting pedestads crowned by coarse

Pacific Analytics, LLC 16



) 0,.0.0.0.0.0.0.0,0,.0.0.0,0.0.0.0.0.0.0.0.0.06.0.0.0.0.00.0.0.000.0.6000000060(
Monitoring Special Aquatic Habitats

V. Discussion
) 0.0.0.00.00000 0000000000000 0000000000000000000 004

sedges and surrounded by trenches up to 1 m deep (Pearson and Leoschke 1992). Once
edablished, extremely hummocky terrain may persst for many years, even after catle are
removed (Pearson and Leoschke 1992, Cicero 1997). Grazing has aso been found to
disturb nesting sites of the Montane Lincoln's Sparrow, because of their tendency to nest
on or near swampy ground in boggy meadows (Grindl and Miller 1944, Augtin 1968,
Cicero 1997). This bird may be ussful as an indicator of Ste wetness and excessve

grazing.

During dry periods, cattle may wak into fens and bogs and considerable compaction can
occur. The compaction may influence hydrologic patterns because pathways are worn
into the peat that change permesbility and ater the flow of water. The pathways can dso
develop into surface drainages when wetter conditions return, and act to drain the fen
(Thompson et d. 1992). Livestock grazing can dter naturd hydrologic regimes by
increesing runoff and exacerbating eroson and qullying, and thereby lowering the
groundwater table (Rauzi and Hanson 1966, Cicero 1997). Damage caused by sheep
includes trampling of herbaceous vegetation and browsing of willows (Cicero 1997).

Woody plant expanson has been suggested as a potentid threat to fens and bogs.
Recommendations for the control of woody plants include prescribed burning (Wilhelm
1978, Kohring 1982, Schennum 1983, McGrath 1988, Skinner 1988, Warners 1989,
Rooney 1990, Carpenter 1990a). While it appears to be effective in some cases, burning
may have dgnificant impacts on fens (Kohring 1982, Warners 1989, Carpenter 1990).
Research on the effects of fire on rare plants, mosses, and invertebrates in fens is needed
(Pearson and Leoschke 1992).

Although invasons of trees such as lodgepole pine (Pinus contorta) into peatlands are
gpparent in the Sierra Nevada, research has shown that tree invaders do not persst in the
vicinity of peatlands and are naturd components of vegetation dynamics in these sysems
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(Bartolome et d. 1990). While tree invasons could be monitored, no direct management
decisons are likely to be necessary.

Impacts from mining are aso a concern in the Sera Nevada Mining could concevably
impact fens by direct dedtruction through excavation or eathmoving or indirect
destruction via disruption of the surrounding hydrologicd system (Pearson and Leoschke
1992).

V-2. Wetland Springs and Seeps

From a hydrologica perspective, springs are regarded as concentrated points of natural
groundwater discharge a a rate high enough to mantan surface flow (van Everdingen
1991, Williams and Williams 1999). Often, severd springs combine to form a meadow
dream (Moyle 1996). Some springs however, are associated with very shdlow or smal
aquifers, which, when exhausted may resut in intermittent or periodic surface flow. At
peak flow, sorings and seeps are commonly associated with zones of saturated soil and
mosses that provide habitat for many aguatic and semiaguetic invertebrate species (Danks
and Rosenberg 1987).

Scientists consider seeps as drainage components of fens (Verry and Bodter 1978, Erman
1984), or sources of minera rich water for these pesatlands (Erman 1976). Tiner (1999)
refers to these aquatic habitats smply only as “conditions,” or precursors that favor the
development of different paustrine wetlands such as bogs, fens and ponds. Serra Nevada
seeps and springs can emerge from porous serpentine rock and traverse areas of sandy or
gravelly soil that retain moisture and creste habitat for plants and animas (Harrison et d.
1999).
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Spring discharge often represents rain or snowmdt that entered the ground years earlier
a higher devdions, usudly some digance from the soring. Discharge from freshwater
sorings is used for domestic water supply, irrigation, or as “minerd water”. Any specid
plant or fauna associations that depend on the year-round water supply, constant
temperature, microhabitat, or dissolved minerads provided by springs will be adversdy
affected if the discharge from springs is diverted for domestic uses or disturbed by human
activities (Everdingen 1991). In the Serra Nevada, grazing and off road vehicles disturb
spring and seep habitats and a high proportion of exotic species found a a Site may be the
result of long-term disturbance (Fiedier and Leidy 1987).

V-2.1. Wetland Spring and Seep Attributes

Sera Nevada springs and seeps occur in wetland habitats with clear and cold constant
water temperature and flow. Large groundwater reservoirs buffer the conditions and help
to maintain the stable conditions (Danks and Williams 1991). Scientists have found that
these habitats can harbor endemic groups of invertebrates (Erman 1996, Moyle 1996). In
Canada, a study was initiated in the 1980's to invedtigate invertebrates associated with
grings and seeps (Williams 1983, Williams and Williams 1999), but, except for
taxonomic and behaviord dudies of a few plant and invertebrate taxa, the flord and
fauna components of these habitats in Cdifornia are little-known (Jewett 1966, Sheldon
and Jewett 1967, Surdick 1981, Erman 1984, Fiedler and Leidy 1987, Erman 1989).

Physical Attributes

Regiondly, the physcd conditions in sorings can vary greglly because many different
geologicd and ecologicd conditions may intersect in any given soring (Danks and
Williams 1991). In springs near Sagehen Creek, average water temperature of permanent,
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congtant-temperature springs ranges from 35° to 9°C (Erman 1989). Erman (1984)
reports that water temperature of gpring seeps can vary seasondly, and reach
temperatures as high as 10 to 14°C on a hot summer day with oxygen levels from 5.6 to
7.0 mg/l. The pH of spring water can vary from srongly acidic to akdine (Everdingen
1991), but averages for the Sierra Nevada have not been established.

The rate of groundwater discharge is an indication of groundwater flow, and the chemica
compostion of goring water reflects the minerd composition of the rock with which the
water has been in contact as wdl as the length of time the water has been underground
(Everdingen 1991). Vaiations in flow rate, temperature, and chemica content can
change suddenly during periods of heavy rainfal, when spring water may be diluted with
infiltrating, cold, non-minerdized rainwater (van Everdingen 1984). Earthquakes can dso

cause changes in suspended- solids and discharge rates (van Everdingen 1991).

Springs in Canada have been classified on the bass of water temperature, such as
coldwater springs and therma (hot) springs (Everdingen 1991). Scientists have dso
measured ground dope, aspect, and topographic postion to classfy springs (Fiedler and
Ledy 1987). Danks and Williams (1991) recommend source geometry, water supply,
temperature, chemistry, and persistence as key descriptors of springs.

Floral Attributes

The flora associated with Sierra Nevada Springs and seeps is rdatively unknown. In
Canada, the vegddion surrounding springs has been shown to modify conditions by
shading the water, and providing microhabitats for a variety of invertebrates (Danks and
Williams 1991). Scientists that study spring and seep flora measure species composition,
percent cover, frequency of occurrence, percentage of totd flora, area cover of exotic
species, tree and sapling composition, shrub species composition, herb species percent
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cover, percent of exotics, and percent total plant cover by exotic species (Fiedler and
Leidy 1987). These criteria are useful to determine the condition and integrity of these
specid habitats.

Five habitat specidists of serpentine seeps are Helianthus exilis, Senecio clevelandii,
Astragalus clevelandii, Delphinium uliginosum, and Mimulus nudatus (Harrison et d.
1999). Vegeation in spring seeps asociated with the Sierra Nevada fens includes
primaily Equisetum arvense, Darlingtonia californica, Carex spp., and Salix spp.
(Harison et d. 1999). All of these plants are on the Cdifornia Native Plant Society’s
inventory of rare and endangered vascular plants (Smith 1981). Smdl populations may
become locdly extinct, but this is expected under metapopulation theory (Harrison and
Taylor 1997). However, the dedtruction of even a modest number of populations or
habitats may lead to regiond extinction of these patchily distributed species (Hanski
1997, Hanski and Simberloff 1997, Harrison and Taylor 1997). Insects may be good
indicators of pollination function and therefore bictic integrity of these habitats (Harrison
et d. 1999). The plant species may exhibit strong synchronized population fluctuations
that may be corrdated with habitat conditions, athough the conditions that influence
population Sze reman to be described. The scientists studying serpentine seeps suggest
that soatid digtribution may be very important to the survivd of these rare plants (eg.,
Harrison et a. 1999).

Faunal Attributes

Spring-formed wetlands are hotspots of biologica diversty (Shepard 1993, Sada et 4d.
1995). Overdl, the insect fauna of springs are best represented by Diptera, Coleoptera,
Trichoptera, with characteridtic representatives from other aguatic groups such as
Plecoptera, Odonata, and Emphemeroptera (Danks and Williams 1991, Williams and
Williams 1999). In North America, didinctive spring faunas have been described for
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chironomids (Colbo 1991), empidids (Harper 1980), and caddisflies (Williams 1991b),
water mites (Smith 1991), Crustaceans, including ostracodes (Forester 1991), amphipods
(Gooch and Glazier 1991), Mollusca (Gooch and Glazier 1991), tricladid Turbdlaria
(Gooch and Glazier 1991), and other groups (eg. Hynes 1970). The occurrence and
biology of these taxa are less wdl-known in spring habitats in Cdifornia, but it is
reasonable to assume smilar distinctive insect faunas will be discovered in Sierra Nevada
sorings and seeps (Erman 1984, Erman 1996). For example, 26 species of Caddisflies
(Trichoptera) were found to be redtricted to small bodies of water such as spring sources,
seeps, Spring streams, temporary ponds, and intermittent streams (Erman 1989). Because
of ther specia adaptations to conditions, the fauna of springs and seeps may provide
useful and meaningful, and reatively inexpensve, indicators for monitoring groundwater
qudity (Erman 1989, Williams et d. 1990, Williams 1991a).

Trichoptera show a srong affinity to habitat conditions such as water temperature and
food avalahility. Differences in populations may dso be due to eevation, groundwater
source, and summer temperatures (Williams 1991b). At a regiond level, factors such as
vegetation, current, subdrata paticle dze, microhabitat diversty, and pH influence
Trichoptera assemblage dructure  (Williams and  Williams  1999). Detritus-rich  seeps
contained species of Frenesia, Lepidostoma, and Homophylax. Scraper and predator
species of Trichoptera were most abundant in springs with high microhabitat diversty
and pH. Chironomid species dso reflect subdrata diverdty and pH (Williams and
Williams 1999).

Habitat conditions can limit the number of species found in springs (Myers and Resh
1999). Mean water depth, turbidity, temperature, ionic concentration, pH, conductivity,
sediment organic matter, and redox potentid were the most important variables identified
that influence aquatic invertebrate digtribution and abundance (Mackay 1993, De Szalay
et d. 1999, Myers and Resh 1999). Calanoid copepods were more abundant in aeas of
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high turbidity. Other taxa (i.e., cyclopoid copepods, cladocerans, midges, water boatmen,
and damsdflies) were strongly correlated with low turbidity (Mackay 1993, De Szalay et
ad. 1999). Odonates were prevdent in water with low sediment organic metter, while
caanoid copepods, cladocerans, water boatmen, and Oligochaetes were more abundant
when sediment organic matter was high (Mackay 1993, De Szday et d. 1999). As water
temperature increases, the number of aquatic invertebrate species decreases (Lamberti
and Resh 1983, Pritchard 19991, Myers and Resh 1999). Many crenophilic mite species
exhibit a vey narow tolerance range for environmental factors such as dissolved
chemicas and pH, as well as temperature. These species have been suggests as potentid
biomonitors of environmenta change (eg. Schwoerbe 1959, Young 1969, Smith 1991).
Burning is a wetland management technique often gpplied. De Szday and Resh (1997)
found that water boatmen, midges, and beetles increased in abundance with burning,
athough other taxa decreased in abundance.

V-3. Aquatic Pond Habitats

V-3.1. Aquatic Pond Attributes

No cdear classfication category currently exigs for ponds. Generdly, these aquatic
habitats fal into a category of surface water depresson wetlands filled with overland
flows and precipitation, and the bottom of the depresson normally located above the
water table (Novitzki 1978). Moyle (1996) recognizes at least three categories of ponds in
the Sierra Nevada: (1) mountain ponds, which are smdl (< 1ha), shdlow (< 1.5 m deep)
permanent or ephemerd dpine lakes in mountain meadows. In the winter these habitats
can freeze s0lid and become deoxygenated. Ephemeral and permanent ponds studied in
the Sierra Nevada range in size from 25 to 300 M. These ponds are up to 2 m deep
(Soiseth 1992), and their water chemigtry is amilar to the surface water, with pH vaues
ranging from 5.3 to 7.2 (Soiseth 1992). (2) adpine ponds comprisng smdl oligotrophic
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lakes found a high devaions formed by glacid and volcanic activities, some of which
may be connected to streams with fish, and (3) dystrophic ponds, which are acidic and
fishless shdlow dpine bodies of water with boggy edges that may become bogs.
Cowardin et a. (1979) consider ponds as emergent wetlands. Although these habitats
occupy a smal proportion of the tota acreage, they are some of the most vauable
because they serve a concentration points for many flord and faund species (Cdifornia
Department of Fish and Game 1965, Thomas et d. 1979).

Physical Attributes

Episodic acidification in the Sera Nevada occurs in dpine wetlands during snowmelt
and summer raingorms (Dozier et d. 1987, Melack et d. 1988, Stohlgren and Parsons
1987). Sierra Nevada surface waters are sendtive to acid depogtion because of ther
dilute chemistry (Mdack e d. 1988). The pH is an important physcd dtribute to

measure.

Other important physca attributes include pond maximum length, bresth, surface ares,
and shordine length maximum depth and percent relative depth, water permanence,
sediment depth, temperature, dissolved oxygen, pH, conductivity, turbidity (Marcot
1990). Ultimately found water permanence and successond stage were best to classfy
ponds (Marcot 1990).

Floral Attributes

Classification based on vegetation characterigtics aone was not sufficient to distinguish
ponds from other wetlands (Marcot 1990). Typica pond vegetation includes species of
Typha, Carex and Juncus, vegetation found in other wetland habitats.
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Faunal Attributes

A vaiety of amphibian species such as the Yosemite toad (Bufo canorus), Pecific
treefrog (Pseudacris regilla) and the mountain yelow-legged frog Rana muscosa) breed
in high-elevation ponds (Soiseth 1992, Jennings 1996, Shaffer et d. 2000, Knapp ad
Matthews 2000). Amphibians ae sendgtive to pH. Mortdity of Pacific Treefrog
(Pseudacris regilla) tadpoles occurs below pH 5.0 and early developmental stages are
most senditive to low pH (Pierce 1985, Freda 1986). Future emissons of compounds
associated with acid depostion are likdy to increase, which can influence the digtribution
and abundance of some Sierra Nevada amphibian species (Soiseth 1992).

Macroinvertebrates are abundant in ponds. They ae important in diets of dabbling
waterfowl that over-winter in Cdifornia seasona wetlands (Baizer and Resh 1992).
(Batzer and Resh 1992) examined how tempord change and habitat manipulation
influenced macroinvertebrate communities in experimenta ponds. They found tempord
trends of inverts were not dgnificantly dtered by manipulations of water depth or plant
cover. Water depth did not sgnificantly affect midge densties. More adult hydrophilid
beetles and water boatmen in ponds with 50% less vegetation cover. Mowing and
reducing plant cover by 50% increased the numbers of water boatmen, hydrophilid
beetles, and possibly amphipods for waterfowl consumption.

Parker and Knight (1992) investigated aguatic invertebrates associated with evaporation
ponds used to dispose of subsurface irrigation drain water. They found that the
macroinvertebrate and zooplankton assemblage diversty has a negative corrdaion with
sinity (Parker and Knight 1992). They concluded that dissolved minerals are the most
likely factor determining biologicd characteristics of evgporation ponds (Parker and
Knight 1992).
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V-3.2. Major Disturbance Factors

Monitoring of exotic species, primarily fish is criticd to the integrity of pond habitats.
These vertebrates have a predominant influence on the dructure and integrity of aguatic
habitats (Carpenter et a. 1985, Power 1990, Moyle and Ellison 1991, Knapp and
Matthews 2000) and some non-indigenous species may out-compete native fauna. For
example, introductions of trout into naturaly fishless lakes, or ponds connected to stream
networks gppears to have negdive effects on population sze of the mountain yellow-
legged frog (Knapp et a. 2000). Lawler et al. (1999) documented adverse effects of
introduced mosquitofish and bullfrog tadpoles on red-legged frog tadpoles.

Roads dso impact pond flord and faund populations. Road building often dters the
physca environment, and soil adjacent to and under the road, soil dendty, temperature,
water content, light levels, dudt, surface waters, paiterns of runoff, and sedimentation as
well as adding heavy metds (especidly lead), sdts, organic molecules, ozone, and
nutrients to roadside environments. Roads also promote the spread of exotic species and
the use by humans (Trombulak and Frissal 1999).

V-4. Vernal Pools

V.4.1. Vernal Pool Attributes

Largdy endemic to Cdifornia, vernad pools are ephemerd wetland habitats that form in
shdlow depressons lined with impermesble soil layer (eg. hardpan, claypan, volcanic
basdt) that redtricts the drainage of water and allows the pool to retain water longer than
the adjacent upland areas. At the same time, the shalow profile of the vernd pool
facilitates drying and thus does not permit permanent water retention. Verna pools
generdly fill with water during the winter and reman flooded until spring or ealy
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summer. The cycle of inundation and drying can be repested severd times during the
rainy season (Sawyer and Keder-Wolf 1995, Anonymous 1997, Hobson et &. 1998).

Vernd pools are inhabited by assemblages of plant and anima species that can tolerate
this extremely ephemerd environment (eg. cys-forming crustaceans), and in fact, the
highly adapted and specidized flora and fauna, including a high proportion of threstened
and endangered taxa, is the predominant characteristic that makes verna pools a unique
habitat category (Ahl 1991, Dawson 1991, Anonymous 1997, Black et al. 1997, Rogers
1997, Keeler-Wolf et d. 1998, Heise and Merenlender 1999, Belk and Fugate 2000).

These habitats are thus a result of a unique combinaion of Mediterranean (summer-dry)
climate, topography, soil conditions, hydrology and a locd highly specidized biota
(Holland 1976, Dawson 1991, Sawyer and Keder-Wolf 1995, Keder-Wolf et a. 1998).
Some of the most extensve Cdifornia vernd pool aress are found dong the western
foothills of the Sera Nevada and comprisng the Northeastern and Southeastern
Sacramento  Vadley and Southern Serra Foothills. Additiond areas that favor the
development of vernd pools are located in the Sierra Valey and Modoc Plateau regions

in the northeastern corner of California

Many ecologig argue that vernd pools represent only one component in an
environmenta continuum of smdl ephemed wetland habitats that share amilar species
of organiams and include vernd lakes, desert or semi-desert playas, tehgas, mountain
snow met and rockbound pools, and marshes. Keder-Wolf et a. (1998) argue that the
classfication of ephemera wetlands and the concept of vernd pools will require a
fundamenta revison as more information is accumulated on the biology and distribution
of these habitats. Unfortunately, the current state of knowledge does not dlow a
comprehengve treatment of the entire habitat series, and most of the generd discusson is
presently redtricted to a smdl subset of “true’ vernad pools (Keder-Wolf et al. 1998).
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Keder-Wolf and others (1998) provide an excdlent and thorough assessment of vernd
poolsin Cdifornia

Physical Attributes

Pool depth and profile are two important factors that influence the flora and fauna found
in Cdifornia vernd pools (Heise and Merenlender 1999). Very shdlow profile pools
support a diverse mix of perennid wetland and verna pool specidig taxa (Heise and
Merenlender 1999). Steep-profiled pools with narrow margin topography did not support
vernd pool specidist plants common on shdlow-profiled pools (Heise and Merenlender
1999).

The length of the inundation phase (hydroperiod) is another important factor influencing
vegetation dructure and faunad components of vernal pools (King et a. 1996, Black et d.
1997, Heise and Merenlender 1999). Pools with longer periods of inundation support
taxa, such as Juncus, Eleocharis, and Carex, more typica of perennid wetlands (Heise
and Merenlender 1999). Invason of weedy exotic plant species is corrdated with
changes in hydrology (Barry 1995, Bauder 1987). Weedy exotic species increase during
drought years or other dry periods of (Bary 1995). Depth is corrdated with
hydropereiod, and therefore may be a good monitoring variable (Black et a. 1997).

In addition to hydroperiod, the time of year when soils became moist enough to promote
germination (month), and the time between moigening and beginning of inundation are
important factors for germination of vernd pool plats (Bliss and Zedler 1998, Heise and
Merenlender 1999). Gallagher (1996) found that pool depth and duration are important to
the occurrence of Brachiopoda, such as Branchinecta lynchi, Linderiella occidentalis,
and Lepidurus packardi, in vernd poolsin northern CA.
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Water chemidry attributes are other factors measured in studies of vernal pools. These
atributes include conductivity, totd dissolved solids dkdinity, sdinity, pH, and
dissolved oxygen, and temperature (King et d. 1996). There is a strong corrdation
between totd dissolved solids (TDS) and conductivity and akalinity that supports the
collapse of these variablesinto TDS.

Floral Attributes

The flord attributes of verna pools in Cdifornia have been intensdy sudied. Severd
excellent inventories have been conducted and are a good source of information to
evauate monitoring attributes (Jain 1976, Holland and Jain 1987, Zedler 1987, Sawyer
and Keder-Wolf 1995, Bauder and McMillan 1998, Holland 1998). Almogt 200 plant
species are known to be redricted to or commonly occur in verna pools (Holland 1976,
Keder-Wolf et a. 1998). The ligs are extendve and cannot be repeated here, and the
reader is directed to this literature for detailed information.

Verna pools support a uniquely adapted flora that contains regionad as well as locdized
components (Stone 1990). Although many species occur regiondly, the number of
oecies in individud pools may only reach 15-25 (Holland 1976). Basing inferences
about habitat condition and integrity soldy on the occurrence of native plant species may
therefore, be of limited vaue. However, the introduction of exotic species is the mgor
threat to vernad pool habitats (Barry 1995). Nonrindigenous annuds can present a
formidable obstacle to reestablishment of native plants (Menke 1992). Competition from
exotic weeds such as Cocklebur (Xanthium strumarium), Bindweed (Convolvulus
arvensis) in large pools threatens habitat for endangered plant species Hairy Orcutt Grass
(Orcuttia pilosa) and Hoover's Spurge (Chamaesyce hooveri) (Stone et d. 1987). The

introduction of perennid grass and Itdian ryegrass (olium multiforum) in smdler swae-
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like pools is a problem for endangered verna pool plant Greene's Tuctoria (Tuctoria
greeni) (Stone et a. 1987).

Faunal Attributes

Vemnd pools in Cdifornia have a specidized suite of anima species (Cox and Audtin
1990, Simovich et d. 1992, US Fish and Wildlife Service 1994, King e d. 1996). The
fauna includes crusaceans (fary shrimp, cdam swrimp, and tadpole shrimp), insects,
spadefoot toads Scaphiopus hammondii), tiger sdlamanders (Ambystoma californiense),
water birds such as avocet,, killdeer, greaster yedlowlegs, cinnamon ted, and mdlard
(Zedler 1987, Jokerst 1990, Thorp 1990, Thorp and Leong 1995, Keeler-Wolf et a. 1998)

Crustacean assemblages are strongly related to habitat type, and physicd and chemica
differences among pools, and with geologic/lorigic habitat cassfications (King et d.
1996). Species richness of crustacean assemblages is postively correated with both
depth and surface area of vernd pools (King et a. 1996). Because 44% of dl crustacean
gpecies found in vernd pools in Cdifornia are new to science, they may not be useful for
monitoring if they cannot be identified (King et al. 1996). More taxonomic work needs to
be completed before the potentid of group of animas as useful indicators of habitat
condition and integrity can be redized.

V-4.2. Major Disturbance Factors

Skinner (1996) consders agriculture, grazing and urbanization as the greatest threats to
the integrity of vernd pools. These habitatls are particulaly vulnerable since the mgority
of them occur in rdaively fla and accessble areas, which are atractive to farming and
housng devdopment (Cheatham 1976, Keder-Wolf et a. 1998). For example, a
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common practice in some vernd pool aress is to excavate and dam existing vernd pools
to develop cattle ponds (Keder-Wolf et d. 1998). Modification of surrounding uplands
dters vernal pool watershed habitat (Barry 1995). As a reault, it is estimated that over
90% of verna pool ecosystems have been log, and these habitats are thus the most fragile
and threatened types of wetlands in Cdifornia (Holland 1976, Stoner 1990, Barry 1995,
Keder-Wolf et al. 1998). Some research, however, suggests that light grazing appears to
be beneficid to vernd pools by mantaining species diversty (Anonymous 1997) likey
through suppresson of dominant highly competitive species sSmilar to ecologicd
processesin native prairies (Collins et a. 1998).

Since vernd pools contain a higher percentage of native, highly adepted species of
crustaceans, grasses and wild flowers that the surrounding habitats, monitoring for exotic
invaders is critica to the integrity of hese habitats (Barry 1995, Keder-Wolf et al. 1998).
Prescribed burning can have negative effects on plant specie diversity of vernd pools by
increasng the minerdization and flux of N and P, which may favor the invason of exoatic
species (Cox and Austin (1990).

The management of vernad pools is currently condds primarily of ther geographic
mapping, and monitoring of rare species. Pool depth and area appear to be sgnificant
indicators and predictors of the fauna diversty (Galagher 1996, King e d. 1996).
Complete species inventories or at least suites of species are needed (Keder-Wolf et d.
1998). Congdering the unique metapopulation dynamics of dispersd and colonization of
organiams within pool clusters (Skinner 1996, Keder-Wolf et d. 1998), monitoring and
conservation efforts should be given to as many pools as feasible within a particular area.

Grazing may be an important tool for managing verna pool hydrology and prevent the
invason of exotic weeds (Barry 1995, Heise and Merenlender 1999). Moderate cattle or
horse grazing does not seem to pose much of a threat to persstence of verna pool plants
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despite the disruptive effect of trampling and grazing may help perpetuate verna pool
plants (Zedler 1987), athough pools with heavy sheep se are often devoid of herbaceous
vegetation (Hese and Merenlender 1999). Direct precipitation is the dominant input
initidly filing pools during the winter (Hanes et d. 1990), and surface runoff seems to be
essentid for maintaining as adequate inundation period (Barry 1995). Runoff decreases in
proportion to an increase in the amount of vegetation cover (Blackburn 1975). Grazing
animas hdp mantan the hydrology of the uplands surrounding vernd pools by
preventing excessive accumulation of plant materia (Barry 1995).

Grazing helps reduce the amount of plant resdue surrounding vernd pools, and increase
the divergty of plants induding low-dature, spring-maturing forbs such as filaree
(Eridium spp), and summer annuds such as turkey mullen (Eremocarpus setigerus). A
livestock-grazing program can control plants such as medusshead (Taeniatherum
caputmedusae), Eleocharis palustris (a sedge) and wild oats (Avina fatua) that can
dominate the edges of vernd pools. Control of these plants help sustain verna pool
habitat for stands of endangered plants such as Orcuttia and Neostaphia (Crampton 1959,
Stone et a. 1987).

Grazing may aso influence the diverdty of microecosysems within a vernd pool (Barry
1995). When verna pools are wet, anima disturbances can cause microdepressions that
provide habitat for vernd pool plants and animas generdly found in deeper vernd pools
(Barry 1995).

Fire did not exert an adverse effect on native vernal pool herbs, and appeared to mitigate
the effects of naturd dry basin conditions (Cox and Augtin 1990, Menke 1992). Some
venad pool plant species declined immediady after burning, including Pogogyne
abramsii and Psilocar phus brevissimus (Cox and Austin 1990).
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V-5. Evaluation of Proposed Habitat Categories

The review of the literature supports the current habitat classification scheme proposed
by the Sierra Nevada Framework Project Monitoring Team. However, any categorization
of wetland habitats has its limitation due to a great diverdty of these habitats, and should
be consdered merely aworking hypothesis (Keddy 2000). Our rationae is as follows.
Bogs and fens are permanent wetlands that clearly warrant a placement in a unique
habitat category due to the accumulation of peet, a process that does not occur in any
other habitat types with the rare exception of dystrophic ponds. Although the surface
water chemigtry of fensis sgnificantly different from that of bogs, in a sense, bogs and
fens represent two states of the same bog-fen hydrobiologica system, or complex. Bogs
and fens may gradudly replace each other under the influence of externd factors
affecting the water chemistry, and consequently the associated biota (Segel 1988). The
resulting intermediate bog-fen habitat sate is termed atrangtiond poor fen, or semi-
ombrotrophic bog with pH levels of 4.0 to 5.1, and cacium levels from 2.0 to 4.0 mg/L
(Glaser et a. 1981, Heinselman 1970, Siegel 1988).

According to Moyle (1996), sphagnum bogs and fens are unique to rare (rarity leve = 1
to 2) and unusud (3), respectively, habitat types in the Sierra Nevada (Table 2). Most of
the peatlands in this region represent a mixture of disturbed or rdatively undisturbed
habitats (disturbance levd = 3 — 4) that are dedlining in aundance and qudity (overdl
rating = specia concern) (Table 2). Thus, peatlands are a unique habitat category that

deserves protection and monitoring in the Sierra Nevada.

The dassfication datus of sorings and seeps is currently ambiguous. Dependent on the
scde of gpatid resolution, sorings and seeps could ether be consdered unique
microhabitats, or be smply regarded as hydrologicd components of larger macrohabitats

such as fens, ponds, or streams. Springs are more common (rarity score = 4) than
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pegtlands (1 —3) in the Sierra Nevada (Table 2), which likely reflects their associations
with more widespread aguatic habitats including ponds and streams. There is a posshility
of collapang the springs/seeps category as more information accumulates on  ther

biology.

Serra Nevada ponds are a rather diverse assemblage of aguatic bodies that can either be
ephemerad or permanent, contain fish or be fishless, and have water chemistry smilar to
the surface water, or under the process of acidification (i.e. dystrophic ponds). Despite
this heterogeneity, ponds are dgnificantly dissmilar from peatlands, which disolay a
higher degree of acidification and water permanence, and whose fauna is dominated by
Sohagnum or non-Sphagnum mosses. Ponds dso differ sharply from vernd pools, which
ae extremdy ephemerd habitats with a unique biota In paticular, the ephemerd qudity
of vernd pools sdects for highly adapted assemblages of organisms and generdly
excludes typica pond vegetation components such as Typha, Carex spp., or Juncus spp.
In terms rarity, the Sera Nevada ponds studied range from being infrequent (eg.
dystrophic, some apine ponds, rarity = 3) to widespread (eg. mountain ponds; rarity = 5)
(Moyle 1996).

Without a doubt, vernd pools fdl into an exclusve habitat category even though the
heterogeneity of this habitat type will likdy increase after amilar habitais (eg. mountain
snow mdts, rockbound pools, etc) have been consdered. Vernd pools are dso
diginctive by ther incressed sengtivity to mechanicd destruction and grazing due to
their frequent occurrence in relatvely accessble areas. From the ecologica and political
perspective, vernd pools represent a highly unique and sendtive habitat  category.
Ovedl, monitoring recommendations for vernal pools should currently am to support
statewide conservation efforts to map and survey these habitats (Keder-Wolf et a. 1998).
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Table 2. Key digtinguishing characterigtics of specid aguatic habitaisin the Sierra

Nevada
Peatlands Ponds Verna Pools
Springs & seeps
Sphagnum Bogs Fens
Habitat permanence Permanent Permanent Permanent Ephemera / Ephemera
Permanent
Endemism Moderate Moderate Moderate Low High
No. sensitive species Moderate Moderate Moderate Low High
(no. species?) (no species?)
Rarity ' 1-2 3 4 35 N/A
Disturbance ' 34 34 3 35 N/A
Primary type of Hydrologic Hydrologic Hydrologic Hydrologic Mechanical
disturbance alterations alterations alterations alterations destruction,
grazing,
exotic species
Overdl rating ' Special concern Specia concern Special concern | Secure/ Special Highly
concern sensitive *

T Follows the habitat rati ng system of Moyle (1996) for the Sacramento-San Joaquin and Great Basin
Provinces of the SierraNevada. * Vernal pools are not included in Moyle's (1996) treatment of aquatic

habitatsin the Sierra Nevada, and the rating of vernal pools here reflects the current state of knowledge of

these habitats.
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VI. RECOMMENDATIONS

VI-1. Monitoring Goals

The Forest Service has asked for monitoring atribute recommendations for the four
classes of wetlands discussed above. Monitoring attributes are chosen in the context of
the goad or purpose of the monitoring program. The most generd purpose of
environmental monitoring is to learn about the changes occurring in the natura world.
This purpose may be subdivided into three more specific goas to detect, predict, and
understand those changes. Not dl monitoring programs have al three of these gods, but
dl have a leest one of them. We believe the gods of the Forest Service specid aguetic
habitats monitoring program encompass dl three.

Every monitoring program has it's own set of unique purposes, as wdl. These are usudly
one or more of the following, ranked in generd order of increesing complexity and

sophistication:

To deect threshold events, or critical levels, of environmenta phenomena,
attributes, and characteristics

To detect hazards and risks, to vaued ecosysem dtributes and functions
and/or to the human communities that depend on them

To detect pecific changes in the environment

To provide higoricd records of change in  environmentd phenomena,
attributes, and characterigtics

To detect trends, periodicities, cycles, and/or other patterns in those changes
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To associate auxiliay phenomena, attributes, and characteristics with trends
and patterns of change in key phenomena, attributes, and characterigtics

To predict future changes in environmenta phenomena, aitributes, and
characterigtics

To link environmenta changes to their causes

All these purposes of environmenta monitoring involve increesng our knowledge and
underganding. A closdy rdaed purpose of monitoring is to modify management actions.
The new knowledge ganed through monitoring should be useful in evauating past
environmenta treatments and in directing new treatments, management actions, and other
human influences. The ultimate god of environmentd management is good Sewardship.
Monitoring should inform stewardship efforts and help us to protect, enhance, and care

for the naturd world.

The Forest Service has defined the purpose of their specid aguetic habitat monitoring
program as “monitoring the condition and integrity of four classes of aguetic habitats”
These are vague terms and need specific definitions before appropriate attributes can be
recommended. We offer the following definitions and discusson as the context for our

recommendations.

VI-2. Integrity and Condition

Ecological condition may be defined as mode or state of existence of the habitat. This
may be as smple as the presence/absence of water, or as complicated as the level of dl
the measurable attributes present in the habitat (i.e, physicd, chemicad, hydrologicd,
edaphic, flord, and faund, etc.). Generdly naturd resource managers measure ecosystem
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conditions to predict the suitability of habitats for sustaining the ecosysem’s biologicd
components.

Congderdtions rdlevant to assessment of environmental condition include evauation of
the reationship of biologicad response to specific stressors. Managers need to know how
the biotic components of these habitats respond when stressed by disturbance or change
in ther physcd environment (Babour e d. 1999). Ancther condderation is
measurement of physca parameters as a means of holding those factors congtant while
evauating the impacts of other stressors of interest, such as disturbance by fire, grazing,
vigtors, exotic species, and land use changes Measurement of physcad and biologica
attributes provides e Forest Service with a means to investigate change in the biota and
its relaionship with changes in the landscape.

Ecosystem integrity is a holistic property that applies to the entire ecosystem not just
component taxa or functions (King 1993). Monitoring habitat integrity is, therefore, a
complicated task. Before measurements are taken, managers must consider carefully their
gods, and objectives, and their methodology. When sdecting monitoring  attributes,
managers must:

define integrity in an operationa way that can be measured,
sdect variables which indicate integrity,
identify levels of the variables that represent integrity or lack thereof,

A 0D P

develop afeedback system to modify the variables according to ecosystem
responses to management activities designed to conserve the ecosystem and its
components.

The regulatory goa of conservation and protection of threatened or sengtive habitats is
the preservation of native biotic diversty a dl levels in the hierarchy of ecologicd

sructure. Managers measure physica and bictic attributes to determine the condition and
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integrity of habitats. Biological integrity is defined as the ability of a sysem to support
and maintain biota diverdty and function comparable to naturd habitats of the region
(Karr 1993), and refers to the plant and anima species that are characteristic of a region
and ther relative abundances in the absence of human intervention (Karr et a. 1986). A
living sysem exhibits integrity if, when subject to disurbance, it sustains an organizing,
sdf-correcting capacity to recover toward an end sate that is norma for that system
(Regier 1993). Systems with intact integrity have redized their potentid, their conditions
are sable, and they have the capacity to repair themseves when perturbed with minima
management (Karr 1993).

Integrity dso refers to the soundness or completeness of an ecosystem (King 1993). An
ecosystem with integrity has a set of living organiams unique but dways changing,
within  adapting populations. Ecosygems contain  organisms  that  modify  ther
aurroundings by dtering the abiotic features via nutrient recycding and primary
production, and use other biota as food, but do not affect drasticaly the entire ecosystem
in which they live s0 as to impar its sdf-organizing capabilities (Regier 1993). Hedthy
ecosystems exhibit complex trophic networks, interactions between organisms across
levels or scdes of organization, such that the system has rddively perssent Structure
that can exis in severd dates (Regier 1993). The biota, in essence, associate themselves
with a balanced feedback system to stabilize the entire ecosystem.

A sysem is defined by its components (structure) and the interactions (functions) among
them (King 1993). Loss of any component (species), change in interaction, or loss of
function is a loss of integrity (King 1993). Ecologicd sysems are amazingly reslient to
dteration of dructure without loss of function because of redundancy in the sysem (King
1993). However, while messurement of functional properties (conditions) like water
quaity, may be better indicators of functiona integrity they are insendtive to species
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compodtion (structurd integrity). Indicators of ecosystem integrity must be sdected from
as many perspectives and system descriptors as practical (King 1993).

Condition may dso be defined as the date of plant and anima populations (growing,
dable, or decadent), or the datus of individuds of those populaions (norma hedthy,
breeding, active individuds versus &ormd, dck, aged, lethargic individuds).
Monitoring answers questions about the condition (state) of populations over time.
Trends become obvious when andyzed in the context of time. Judgments about he
conditions of individuads must be made by experts familiar with the biology of the taxon
of interest, and may not be obvious from monitoring.

Sdecting monitoring varidbles is a complicated task that should proceed in a logicd
manner. Monitoring variables should be ecologicdly meaningful, related to function or
process (eg. water level, primary production biomass), and indicate change for the entire
community or some component part. Monitoring variables should be those that can be
measured practically, and are sendtive to change or disturbance and respond quickly.
Findly monitoring varigbles must be those that can easly be measured accuratdly (Keddy
2000).

VI-3. Key Questions of Interest

Monitoring is a kind of sdentific invedigation. Every invedigaion mugt begin with

hypotheses, which we cdl questions of interest. The quedtions of interest define the

purposes and scope of the investigation, and are used to judge the findings that resuilt.

Asking the key quegtions is the fird and most important step in systematic environmenta
montoring. Without careful definition of the key questions, monitoring efforts ae
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amless. Monitoring programs can be successful only if clear, concise, well-considered,
collaborative, quantified questions of interest are created at the outset.

VI1-3.1. Key Questions Defined

Key quedions ae those with usgful answers. Environmental monitoring is amed at
increesing knowledge about change in naturd systems, but some facets of that knowledge
are more useful than others. Key questions should be based on specific, prior gods of
detection, prediction, and/or understanding. Development of key questions must be
coordinated with management objectives, and with the potentid of management to
respond to the increased knowledge.

Key quegtions are those that can be investigated efficiently. No monitoring program is
blessed with unlimited funding. Many quesions ae interesting; only a few can be
investigated within the budget. Quetions of understanding are inherently more expensve
to answer than questions of detection. It is dways more expensve to answver questions
with a high degree of accuracy and precison, and dways less expensve to answer
guestions with low accuracy and bias. Accuracy and precison, and their counterparts,
inaccuracy and bias, are measures of inferentid drength. Monitoring planners should
evduate the projected strength of the inferences, or answers, they hope to find, before
environmenta monitoring prograns are implemented. More specificdly, they should
edimate the relaive costs of achieving differing leves of inferentid strength and chose
the levd that is mogt efficient for ther monitoring purposes. This process of weighing
inferentid strength againgt cogtsis known as power anayss.

Utility and effidency are important criteria to consder in development of key questions.
Monitoring planners cannot, or should not, determine utility and efficiency in a vacuum.
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Ingtead, they must collaborate and consult with management decison-makers. Decision
makers should know whét they are potentidly going to get for their monitoring funds.

Acceptable key questions must be framed with an understanding of the entire monitoring
process. Monitoring planners must be able to predict the utility and efficiency of each a
proposed question to aid decison-makers in thelr determinations. Planners must have a

comprehensive picture of dl the systematic steps in environmental monitoring to do this.

VI-3.2. Time and Space

Monitoring is the investigation of change over time and space. Time is of the essence in
monitoring. Ecosysems are dynamic, not datic. Some changes occur rapidly. Some
occur only over a period of decades or centuries. Some insect populations will hatch,
mature, breed, and die within only a week or two each year. These same insect
populations may aso exhibit cyclicd patterns that are decades long. In western deserts
flash floods may rise and subsde within a few hours. The landscapes they sculpt may
have developed over millennia of reatively benign drought, punctuated by momentous,
short-lived, flood phenomena.

Environmentd monitoring planne's must have a gragp of time. They must have a
condant, even nagging, sense that measurement of time is crucid to the development of
key monitoring questions of interest. They must concern themsdves with time-oriented
concepts, such as trends, cycles, periodicitiess, and short- versus long-duration
phenomena. This overriding concern with the passage of time separates monitoring from
many other types of scentific invedigations Mogt environmenta monitors learn ther
scientific craft in universties. Graduate school is a short-lived phenomenon in mogt
peoples lives Environmenta monitoring investigations are typicdly too long-lived to be

Pacific Analytics, LLC 42



) 0,.0.0.0.0.0.0.0,0,.0.0.0,0.0.0.0.0.0.0.0.0.06.0.0.0.0.00.0.0.000.0.6000000060(
Monitoring Special Aquatic Habitats

VI. Recommendations
) 0,000 0000000000000 0000000000000000000000000004

gopropriate for most graduate students to undertake. Rapid development and completion
of hypotheses, sudies, andyses, and dissertation reports comprise the mode most
dudents learn. Often, they mugt unlearn this investigatory style to be good environmentd

monitors.

Location is dso of the essence in monitoring. Ecosystems, (or their dements), are found
in specific places, and their changes often involve movement across space. Many animals
move or migrate: they are here today, somewhere ese tomorrow. Some rdatively smal
animas, like northern spotted owls, have huge home ranges covering thousands of acres.
Even plants migrate, goreading to new places by vectors of wind, water, or faund
trangport. Change across space, like time, dso may exhibit trends, cycles, and
periodicities.

Monitoring planners must dways include measurement of location and locationd change
in ther monitoring prograns. The most common tools for this purpose are maps.
Unfortunately, maps are much more complicated affairs than clocks or cdendars. Time
moves in one direction. Environmentd phenomena may move in any or dl gspatid
directions. Clocks tell time and only time. Caendars yiedld dates and only dates. Maps
may have any number and manner of environmentd dtributes, characteristics, and
phenomena symbolicaly placed upon them. Time data, as displayed on clocks and
cdendars, usudly have a high degree of accuracy and are easly verified. Map data often
have low levels of accuracy and are difficult to vaidate without expensive ground
aurveys. Despite their complexity and limited accuracy, maps are indispensable tools for
environmental monitoring.
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VI1-3.3. Models

The answers to key monitoring questions ae often couched in datisticd modds,
mathematical descriptions of environmentd changes. This is paticularly true when the
results of monitoring anayses involve detection of trends and cycles, prediction, or
quantification of cause-and-effect reationships. In  developing the key questions,
monitoring planners should envison the types of andyses, and hence the types of
modds, that the monitoring program will utilize

Modes do not equd Truth. All models are estimates or gpproximations, and so cannot be
sad to have absolute accuracy and precison. Still, many models are useful tools. There
ae two separate, and usudly mutudly exclusve, uses of modds prediction and

understanding.

Predictive models quantify probable changes in an environmenta aitribute, characteridtic,
or phenomena. The predicted changes are often based on a sat of associated variables
chosen usng dtidical principles. Accurate predictive time horizons are rdatively short,
and the inferentid strength of prediction diminishes as time horizons lengthen.

Modds for understanding ae based on theoreticd daements about ecosystem
interactions. They yield ingght into processes, but may be poor predictive tools. In some
cases, modeds for understanding are not even quantifiable. The food chain pyramid is one
such example. We theorize that in ecosystems there are more lower-food-chan animas
(prey) than higher-food-chain animds (predators). This redionship may be generdly
true, and it is not consdered necessary to test it with exacting measures. The dynamics of
predator-prey ratios and population fluctuations may be much more complex in red
world stuations.,
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Modds, whether for prediction or understanding, may be vdidated but never verified.
Veification implies esablishing the truth or redity of a modd, which cannot be done
Modds ae mahematicd descriptions many magnitudes smpler than the naurd sysems
they symbolize Models do not equal Truth, but modeds may be vdidated. Predictive
models, in paticular, may be shown to have measurable accuracy and precison through
teging.

Regardiess of their purposes, al monitoring modes mugt include time as factor. Many
must dso indude locationd change (dl should a leest include a description of the
location of the dtributes, characteristics, or phenomena under investigation). Monitoring
is the invedtigation of change, and change adways occurs in the temporad domain. Typicd
monitoring modds include trend andyses survivd andyses, growth and mortdity
andyses, and population change analyses.

V1-3.4. Collaboration

Monitoring planning is a collaborative process. No sngle individud can successfully
plan a monitoring program paticularly when the scope includes the lage st of
environmental questions associated with Nationd Forest management. Many natura
resource specidists and managers must be involved and must make contributions to the
planning effort.

There are two primary reasons for collaboration. First, collaboration is necessary for the
monitoring program to be scientificdly vaid and comprehendve. Different disciplines,
such as botany, zoology, hydrology, and ecology are too complex and rigorous for any
one person to have full command of dl of them. Moreover, important phenomena often
include dl of these differing agpects of the environment. Scientific collaboration helps
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monitoring planners develop programs that correctly identify the key quedtions, that is,
programs that invedigate dl the important factors associated with key ecosystem
atributes, characterigtics, and phenomena.

Second, collaboration is necessary for monitoring programs to achieve sustainability and
continuity. For monitoring programs to be successful, long-term  ingtitutional
commitment must be devdoped a the outset. Developing inditutional commitment
requires collaboration a many levels in the bureaucracy. Monitoring is the invesigation
of change over time. Monitoring efforts must often extend for many years and decades.
Daa collected today must be compared to data collected many years in the future to
detect, predict and underdand environmental change. The individuds who design
monitoring programs are often retired or reassgned long before the monitoring efforts are
completed. The inditution, in this case the Forest Service, must commit to a long-term
schedule and budget outlay for monitoring program success. Without such commitment,
it may be futile to begin monitoring. Collaboration helps to ensure the sustainability and

continuity of monitoring programs.

VI1-3.5. The Systematic and Comprehensive Approach

Congderaion of dl the points mentioned, efficency, utility, inferentid drength, time
and space, modes, collaboration, and inditution commitment are necessary when
formulating the key questions of interest. Asking the right questions sets the stage for the
entire monitoring planning process. Many other seps follow: desgn of the sampling
sysgem (including protocols), design of the daa management system, planing the
andyses, planning the reporting sysems, and ensuring continuity. Monitoring  planners
must be able to foresee and evauate al the future steps, so that the key questions ask are

appropriate for the entire monitoring program.
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To achieve this gpproprigieness, monitoring planners must  prioritize potentia  key
guestions. There are many intereting environmenta questions. So many, in fact, that
they camnot dl be investigated under one program. Some interesting questions may be
very expendve to answer. Often, cause-and-effect quedtions fdl into this category. It is
necessaty for monitoring planners to foresee the long-term cods of  investigating
monitoring questions, and the reative utility of the potentid answers. To do this, the
entire monitoring program must be understood and carefully planned. When the probable
cods and utility are predicted for dl interesting quedtions, planners may rank the
potentia key questionsin terms of efficiency and importance.

There is no easy way to make difficult prioritization decisons. Future costs and utility are
often hard to predict. Different scientific disciplines, and different speciad interest groups,
usually have different priorities. Compromise and tradeoffs are often agreed to only after
exhaugtive and sometimes acrimonious debate.

Approaching monitoring planning sysematically and comprehensvely is one way to
reduce contentiousness. It is not a cure, but can help to relieve some of the pain and

uncertainty. The systemdaic and comprehendve gpproach means underganding and

aoplying dl the epsin monitoring planning.

We have identified the following sevensep process for planning of long-term

monitoring;

1.  Prepare clear datements of the questions of interest.
2.  Dedgnthe sampling sysems

3.  Deveop sampling protocols for data collection

4.  Prepare the data management systems, including GIS
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5. Panthe andyssand interpretation systems
6. Develop areporting system
7.  Deveop amonitoring sugtainability plan

Each of these seven steps must be undertaken and completed to develop a successful
monitoring plan. Furthermore, the steps must be undertaken in a comprehensve manner.
Planning decisons mede in any one stage affect decisons at dl the other stages.

The following review is provided to darify and emphasize these critical planning steps:

1. Prepare clear Satements of the questions of interest.

The fird gep in devdoping a monitoring plan requires clearly defining the quedtions of
interest. Key questions are those with answers that can be efficiently estimated and that
yidd the information necessaay for management decisonrmeking. The monitoring
progran depends upon identifying the important issues and concerns, and reducing
generd problems to questions of specific, measurable factors. Much future effort will be
goent investigating the key monitoring questions They must be well consdered and
carefully ducidated a the outset.

2.  Dedgn the sampling sysems

The second step in monitoring planning is desgning the sampling systems. It is expected
that many quantifiable questions of interest will be generated in the firsd step. Proposed
questions of interest must be prioritized, based on the projected costs of collecting the
data and the projected vaue of the knowledge to be gained. Expertise in datidics,
biometrics, and cos/benefit andyss are required for sampling system design. Some of
the design techniques that should be gpplied are power andyss, cost dlocation andyss,
sampling dructure determinations, sample dze determindions, scde evauations,
randomizetion, replication, blocking, and covariate determinations. Schedules of
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sampling efforts must dso be developed. Monitoring is the investigation of change over
timeg, s0 planning the frequency and timing of sampling is an essentid dement in
sampling system design.

3.  Deveop sampling protocols for data collection

The third gep in monitoring planning is to deveop the data collection system(s).
Sampling protocols are necessary to standardize data collection. Data gathered in the
future must be comparable to data gahered today to dHatidticaly detect sgnificant
environmental changes. Protocols should include specific methods to be used for every
habitat and each anima or plant type, descriptions of the tools necessary for data
collection, and randomization schemes for determining trap placement, plant sdection, or
measurement device location. Protocols should be fidd-tested to assure feashility and
efficiency. Fiedd data collection crews should then be trained and tested in the use of the

sampling protocols.

4.  Prepare the data management systems, including GIS

The fourth sep in monitoring planning is the preparation of a data management plan. The
data collected in each sampling exercise must be checked for errors and corrected. Data
sets must be entered into a database for easy access and retrieva. Monitoring requires
comparisons of attributes over sometimes-lengthy periods of time. The database must be
properly archived to be retrievable many yearsin the future.

It is important to recognize that data sets are expensive to obtain, and hence have
dgnificant monetary vaue. Not only will the archived data contribute information for
future management decisons in Sierra Nevada forests, they will dso provide information

potentialy useful for natura resource management esewherein the West.
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A geographic information sysem (GIS) is an important component of monitoring data
management. The changes over time detected and predicted by monitoring must aso be
placed in spatid contexts. One aspect of environmenta change is the movement of flord
and faund dtributes through migration, displacement, reintroduction, and re-vegetation.
A GIS dlows monitoring data to be gpplied to maps in layers, such that information
about spatid relationshipsis eesily visudized.

5. Panthe andyssand interpretation systems

The fifth gep in monitoring planning is the devdopment of an andyds and interpretation
plan. Statisicadl andyss and scientific interpretetion are necessary to produce logical
inferences and new knowledge from monitoring data. The sampling design and the
datistical sructure of the data must be accounted for in the anadyss plan. Techniques of
exploratory daa andyss (EDA), graphics, datigticd didribution tedts, data
transformations, and modeing should be developed in the plan. Much of the information
ganed through monitoring will be evaduated by means of mathematicd modds. Such
modds include time trend andyds, survivd andyss, growth and mortdity models, and
population change modds. The appropriate modd forms should be specified in the
planning process. Failure to specify andyticd forms could cause gaps and inefficiencies
in sampling desgn and data collection. Prior planning for anadyss will hdp ensure
completeness and timdiness of the sampling, and prevent wasteful effort.

6. Deveop of areporting system

The sxth gep in monitoring planning is the development of a plan for the reporting the
results. The new knowledge acquired through monitoring should be communicated to
responsble Forest Service personnel and interested agencies and the public for use in
making management decisons. Charts, tables, and maps may be the immediate products
of analyss, but they do not stand done. Associated reports should be carefully planned
and clearly written, with condderation of the intended audience and the appropriate
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goplication of the findings. The reports should clearly explain the results of data andyss
and the implications to naturd resource management. Monitoring reports need to be
produced on schedule and updated on aregular basis.

7.  Develop amonitoring sustainability plan

The seventh gep in monitoring planning is development of a monitoring sugtainability
plan. Inditutiond commitment must be developed to secure annud budgetary planning
for future monitoring efforts. Monitoring hagppens in the context of time. Environmenta
changes, and trends in those changes, are often detected only after severa years of data
collection. The Forest Service must consder their monitoring programs to be permanent
elements in future budgets. Involving other stakeholders, such as USGSBRD, the BLM,
the Pak Service, universties, locd environmenta groups, and citizens will hdp to build
community commitment to the program. Planning for sustainability and commitment is a
necessary eement in long-term environmental monitoring.

In summary, sysematic monitoring of specid agudtic habitats in the Sera Nevada
should be comprehensive, cost-effective, ddidicdly desgned, executed with andytica
integrity, presented to decison makers by way of meaningful reports, charts, and maps,
and updated regularly over many decades. Consderation and gpplication of the seven
gseps will improve efficiency and effectiveness of knowledge acquistion, and guarantee
managers, regulaiors, scientits, and dtizens useful  information on  which  rationd
management decisons may be based. Conscientious planning and implementation of a
properly designed, systematic monitoring plan will provide the Forest Service with the
necessary prerequisites for continued good stewardship of its properties.
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VI-4. Monitoring Attribute Recommendations

We provide the following recommendations for monitoring attributes based on the desire
expresed by the Forest Service to monitor status, condition and integrity of the four
groups of specid aguetic habitats in order to determine the Satus of these habitats.
Monitoring attribute recommendations for each of the habitat groups are organized into
three mgor kinds of recommendations, 1) mapping and inventory, 2) basic explanaory
vaiables (condition), and 3) hiotic attributes (integrity). Within each of these three
groups, attributes are presented for in order of priority, and are accompanied by a

rationale for each.

VI1-4.1. Peatlands
VI1-4.1.1. Mapping and I nventory

Recommendation VI-4.1.1: We recommend that Forest Service monitoring of
peatlands begin with mapping the locations of bog and fen habitats within the
management ar ea.

Mapping may involve remote sensng such as sadlite or aerid photographs, or ground
searching in locdlities where these habitats are likely to occur. Identifying the locations of
the individuad fens and bogs will facilitate monitoring design planning, help determine
adequate sample sze, and alow for randomizations and other sampling sdlection criteria
It will dso help the Forest Service determine the extent of these habitats over the
landscape. The maps adso provide a base layer for a GIS, upon which dl other

information will be organized.

Recommendation VI-4.1.2:. We recommend that the Forest Service mapping
include measurements at each ste of the eevation, topographic postion (dope and
aspect), substrate type, the size (historic extent of inundation) and shape of the
habitat, significant landmarks (e.g., large trees, boulders, buildings, €tc.).
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Information about these important attributes may help to explain variation of the biota in
these habitats. For example, peatland research in the Rockies has shown that dope,
aspect, and devation have important influences on the didribution of vegetation (see
Chadde et d. 1998). The same is probably aso true for the Sierra Nevada. In the Sagehen
Creek Basin, where the only detailed studies of fens in the Sierra Nevada have occurred
(Bartolome et d. 1990), topographic postion of fens was found to influence peat depth, a
magor factor of habitat condition (Erman 1976). Peat mass in fens on steeper dopes was
sometimes pulled downward by gravity, dongeaing the mass and reducing the maximum
depth (Erman 1976). Furthermore, geologic settings of fens are hypothesized to influence
their vulnerability to hydrologic disturbance (Thompson et a. 1992). Some subsirates are
more fractured and dlow water to penetrate quicker, changing the timing and amount of
water discharge to fens (Thompson et a. 1992).

Recommendation VI-4.1.3: We recommend that the Forest Service photograph the
sitesupon thefirst and subsequent visits.

Photographs provide information about the location of mgor landmarks or features of
morphology or orientation, vegetation zones, buildings, etc (Barbour et a. 1999). This
information will be useful to those people evauating and interpreting the monitoring
information and can be a good reference record of environmenta change.

VI1-4.1.2. Basic Explanatory Variables (Condition)

Ecosysems ae produced by multiple environmenta factors acting smultaneoudy
(Keddy 2000). These “conditions’ explain some part of the variaion in biotic populations
over time, and therefore should be measured. Corredations between changes in
environmentd factors and changes in biotic populations of interest need to be
investigated, and analyzed, to be undersood. Knowledge of the nature of these
relationships will dlow andyses to be “adjusted” for environmenta factors, filtering out
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“noisg’, s0 that the impacts from management and disturbance can be distinguished from
the natura variability exhibited by the parameters.

Recommendation VI-4.1.4: We recommend that the Forest Service monitor basic
environmental factors such as average and minimum/maximum temperatures,
rainfall, and humidity.

Biologigs have documented the effects of these environmentd factors on plants and
animds, and ther ability to cause great vaiation in biologicd assemblages It is agang
these basc explanatory varigbles that dl other influences will be messured. Low-cost
wegther gations have made the collection of this kind of information easy and affordable.
Data recorders can be used to store weather and climate information for download at

convenient intervals.

Recommendation VI-4.15. We recommend that the Forest service monitor
hydrological factors. water depth, area or extent, and timing of inundation, and
water persistence.

Evdudion of habitat qudity is essentid in any assessment of ecologicd condition, and
should be peformed & each dSte a the time of biologicd sampling. An important
physicad attribute that reflects condition is hydrology. Hydrology accounts for more than
50% of the varigtion found in aguatic plant and anima populations (Keddy 2000).
Hydrologica factors include water depth, area or extent and timing of inundation, and
water persgence. All are important factors that influence biotic assemblages found in
specid aguatic habitats. For example, in a sudy of bogs in Minnesota, Wdtzin et 4d.
(2000) concluded that Annual Aboveground Net Primary Production (ANPP) varied with
avalable moidure. They found that wet Stes had higher ANPP than dry dtes, driven
primarily by increases in the biomass of bryophytes The same rdationships between
these factors could be expected in the Serra Nevada.
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Hydrology attributes, such as water flow rates and time in the ground are interesting and
may influence the conditions of habitats, however, these dtributes are more difficult to
measure, and commitment of resources should be consdered and evaluated before these

measurements are undertaken.

Recommendation VI-4.1.6: We recommend that the Forest Service monitor peat
depth.

Peat depth is an important attribute for monitoring condition in peatland habitats. Pesat
depth has been found to influence the number and kinds of invertebraie species in
peetlands of the Serra Nevada (Erman and Erman 1975, Erman 1976). Peat depth
influences daily changes in water level, rates of change of water temperaiure, and the
production of invertebrates and can buffer exogenous factors such as weather and
disurbance (Erman and Erman 1975, Erman 1976, Segd 1988). Erman and Erman
(1975) found that peat depth was postively corrdated with Oligochagte production, and
was a good predictor of the biomass of some of the associated invertebrate fauna
Chironomids and ceratopogonids populations were apparently unaffected by the change
in pest depth in bogs in Sagehen Creek Basin.

Recommendation VI-4.1.7. We recommend that the Forest Service monitor water
temperature, conductivity, dissolved oxygen, pH, and turbidity.

Water quality and chemidry are other important factors influencing habitat condition and
Sructure of biotic assemblages, and account for about 35% of the variation found in
flord and faund populations (Keddy 2000). Indicators of water quaity are temperature,
disolved oxygen, turbidity, pH, conductivity, hardness and dkdinity, sdinity,
orthophosphate, nitrate, and minerd concentrations (e.g.,, Cdcium and Magnesum per
liter). We recommend water temperature measurements be included in monitoring of
peetlands in the Sierra Nevada. In controlled experiments in Minnesota fens, scientists
found that water temperature can influence the Structure of biotic assemblages (Wdtzin et

Pacific Analytics, LLC 55



) 0,.0.0.0.0.0.0.0,0,.0.0.0,0.0.0.0.0.0.0.0.0.06.0.0.0.0.00.0.0.000.0.6000000060(
Monitoring Special Aquatic Habitats

VI. Recommendations
) 0,000 0000000000000 0000000000000000000000000004

a 2000). Varying temperature changed the species richness and compostion of the flora
of these fens. Water temperature is another of those abiotic atributes that should be
conddered basc explanaory variables agangt which the influence of other atributes can
be measured.

Beddes temperature, the measurement of conductivity, dissolved oxygen, pH, and
turbidity is standard to many aguatic studies and dlows some comparison among Stes
(Babour et d. 1999). The measurement of these atributes is relativdy smple and
standardized kits are avalable. We recommend that these dtributes be monitored in
peetland habitats. Main and Busch (1992) found that pH and conductivity influence the
dructure of distom assemblages in lowa fens. These varidbles many dso impact the
condition of Sierra Nevada peatlands. In any case, the incorporation measurements of

these water qudlity atributes into andyses will help distinguish Sgnd from noise.

Recommendation VI-4.1.8: We recommend that the Forest Service monitor
Calcium concentration of peatland water.

Nutrient levels influence plant and anima populations and have been cdled good
indicators of habitat condition (Keddy et a. 1993, Chadde et d. 1998). Studies of fens in
the Rocky Mountains indicate that fens with high concentrations of Cacum (>30mg/l)
support more species than fens with lower concentrations of Cacium (Chadde et 4.
1998). A podtive corrdation between pH and the concentration of cations such as
Potassum (K™), Sodium (Na), Cacium (Ca"), and Magnesum (Mg") was discovered
in Rocky Mountan and Minnesota fens (Segd 1988, Chadde et a. 1998). This
relationship can be hypothesized to prevail in the Sierra Nevada as well, dthough it has
not been investigated. Because it an easy and inexpensve measurement to teke, and the
data collected will dlow evaduation of its rdationship to pH, we recommend that Cacium
concentration be monitored.
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Many other water chemigry attributes have been sudied in peatland research. They
include, dkdinity, hardness, totd- and ortho-phosphate, slica, nitrates, organic and
inorganic chemicas, heavy metds, and toxic substances (Segel 1988, Bursk 1990, Man
and Busch 1992, Chadde et a. 1998 and others) Some of these attributes are good
indicators of human disturbance and pollution (Karr 1993). All are attributes that, when
used as explanatory variables, help explan variation in biotic populations. However,
because no clear rdationships between these attributes and biologica populations has
been shown in the Sera Nevada these additiond attributes should be measured in
research oriented studies.

Recommendation VI-4.1.9: We recommend that the Forest Service monitor
fr_e_quency, intengty and extent of disturbances such as fire, grazing, mining, and
visitors.

Disturbance can account for up to 20% of the variation in biotic populations (Keddy
2000). We recommend that attributes (frequency, intensty and extent) of disturbances
such as grazing, fire, mining, and vigtors be measured. Grazing is thought to modify the
vegeaional dructure of plant communities by sdective consumption of plant species,
especidly grasses and forbs in peatland habitats (Pearson and Leoschke 1992). In a study
of lowa fens, Thompson et d. (1992) found that cattle grazing can change the
permesbility of soil and divert waer flow, thereby changing the conditions on which
aquatic life depends. In Cdifornia and Oregon peetlands, grazing intendty was found to
destroy Lincoln's sparrow habitat (Cicero 1997). Cattle trample vegetation, browse
surrounding  vegetation, exacerbate eroson and gullying, thereby diminating potentiad
nesing habitat. Mining activities may aso change eroson patterns and the chemicdl
composition of ground water. Fire can change the dructure of the forests surrounding
pestland habitats, and may potentidly influence the conditions in this specid agudtic
habitat.
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Recommendation VI1-4.1.10: We recommend that the Forest Service monitor
physical attributes usng remote sensing techniques wherever practical to avoid
unnecessary disturbance by monitoring personnel.

Frequent vists by monitoring personnd can inadvertently change the conditions at
sampling dtes. Monitors open trails that fecilitate access by other vistors who are not
aware of the sendtive nature of peatland habitats. Trampling and compaction is difficult

to avoid and even the most knowledgeable vigitor can leave afootprint in the bog.

V1-4.1.3. Biotic Attributes (I ntegrity)

The life supporting ability of a wetland system is dependent on the landscape mosaic
(topogrephic  posdition and geologic sdting), cdimae, hydrology and water qudlity
(chemicd compogtion and fertility), and disurbance. We often assume gpecies will
perss if qudity (condition) of habitat is maintained (Keddy et d. 1993). This often leads
to the measurement of abiotic conditions that are bedieved to reflect integrity. However,
when information about biologica assemblages is required, it is better to measure those
assemblages directly than relying on abiotic indicators (Paulsen and Linthurst 1994). In
habitats such as peatlands of the Sera Nevada, where few studies have been made,
measuring the flora and fauna dong with physca and chemicd conditions is the only
way relationships between these attributes may be established.

Monitoring physicd attributes of specid aguatic ecosystems will provide a good picture
of the status of the condition of these habitats. However, monitoring condition is not the
sole purpose of the Forest Service monitoring program. Monitoring integrity is another.
Integrity is measured because we want to know about the existence and persistence of
biotic components of ecosystems. We dso want to know how impacts from natura and
man-made disurbances affect biotic populations, and if management activities ae
effective a mitigating the disurbances. Following the Nationd Waer Qudity
Assessment (NAWQA) program godls, the Forest Service may want to know more about:
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1) How biologicd assemblages differ among sdected environmenta settings in
each study unit,

2) The primary phydcd and chemicd factors influencing biologicd assemblages
in selected environmentd settings,

3) How biologicd assemblage characterisics are affected by physcd and
chemicd characterigics a different tempora and spatia scales, and,

4) How biologicd assemblages affect physcd and chemicd characteridtics
spatidly and tempordly.

Usng a multi-taxa approach adds additional power to the monitoring design, and
agreement, or lack thereof, among these sets of taxonomic data can be very indructive
and provide indghts to the long-term persstence of these species and their habitats
(Gurtz 1994).

There are severd reasons for measuring biologicd atributes. Plants and animds respond
to a vaiety of naturd and anthropogenic environmental influences, including dress from
use and management, and other disturbances. The biota integrates the impacts over time
and populations respond as critical levels are reached. The biota may adso integrate
impacts over space. Pollution or other variables may enter the system a an undetected
point source and the biota can manifest the impacts a some distance from that source.
Biologica components of ecosysems can provide sendtive indicators of environmentd
change. For example, chemicds may concentrate in plant and anima tissues a leves that
are eader to detect than those that exist in water and sediment. Finally, perastence of

biotic components is often the target of conservation and management of threatened

ecosystems.
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Many biotic attributes have been used as monitoring variables. Biologicd diversty and
redundancy are equivdent to habitat integrity and dability. The number of species
(species richness) and guilds are good metrics for measuring bictic integrity. Good guilds
to measure in wetlands include carnivorous plants, filter feeding invertebrates, and
dabbling ducks (Steedman and Haider 1993). The presence of quild taxa is a good
indicator that the function is being carried out and maintained (Severinghaus 1981, Karr
1987, Keddy et a. 1993).

Biotic components are good surrogates for physica attributes that are difficult or
expensve to measure. Vegetation biomass is a good indicator of nutrient availability over
time. Exotic species are good indicators of stress (Keddy et al. 1993). Rare species are
good indicators of integrity because they are sendtive to change and indicate a hedthy
system, however, their absence is not necessily an indication of a lack of integrity
because of ther rarity (Keddy et d. 1993). Middle level consumers are good indicators
because they eat lower on the food chain and their persstence is dependent on those
components, and because they are food for higher up the food chain (Keddy et d. 1993).
Biotic interactions like competition, predation, disease, and parastism may aso be good
indicators of integrity (Karr 1993).

When species richness is high, managers need to pick those species that will meet ther
monitoring needs. Rare species are unlikey to have much of an impact on ecosysem
function (dthough some may). Common species are more likely to do much of the work
in ecosysem functions. Thus, while perastence of rare species is important for aesthetics
or ethics, common species may be more crucid to ecosystem function persstence and
therefore better indicators of ecosystem functiona integrity (King 1993). Long-lived
organisms provide information about accumulation of impacts while smdler, shorter-
lived organisms give better “early warning” signds about integrity (Keddy et d. 1993).
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There are other biotic factors that are important monitoring attributes. For example,
primary production and decompostion rates are good indicators of nutrient loading and
sedimentation rates (Keddy 2000). Other important considerations are the proportion of
exotic and invasve species, the persstence of rare or ecologicaly important species (eg.,
pollinators of rare plants), abundance and impacts of pests, and seasond events such as
emergence of mayfly mating swarms. The context of these aitributes must be considered
in light of the god's and purposes of the monitoring program.

Monitoring wetland habitats is complicated and difficult. Managers must use an
integrated approach usng both eements (species) and processes to achieve their gods
(Karr 1993). The extent to which biologicd dtributes are included in monitoring depends
largedy on avalable resources. Biologicd sampling can be expensve, and limited funding
will redrict the number of biologicd aitributes measured. The efficiency of measuring
biologicd metrics must be condgdered in light of the comprehensve approach to
monitoring discussed above.

Other congderations may be the resources available for personnel to collect samples and
the avallability of taxonomic experts to identify and count biologica samples. Bdow we
provide ligts of plants and invertebrates that occur in the specid aguetic habitats being
monitored by the Forest Servicee We recommend that as many of these species be
included in the monitoring program as is practicd and fits the monitoring budget.
Without specific knowledge of the budget we can only make generd recommendations
and assume the Forest Service has aufficient resources to measure everything. More
soecific questions of interes must be devedoped within the framework of the

comprehensgve gpproach to monitoring.

After a period of monitoring, data andyss will darify corrdations between biotic
changes and physca atributes. Inferences about threshold vaues for physica factors

Pacific Analytics, LLC 61



) 0,.0.0.0.0.0.0.0,0,.0.0.0,0.0.0.0.0.0.0.0.0.06.0.0.0.0.00.0.0.000.0.6000000060(
Monitoring Special Aquatic Habitats

VI. Recommendations
) 0,000 0000000000000 0000000000000000000000000004

will  supply managers with important information about management activities and
natural processes.

The following two sections on Hora and Faund atribute recommendations contain
generd discussons as an introduction to the subjects. The generd discusson above and
in the following sections pertain to each of the four habitat groups but will be discussed
only in the Peatland section and not repested for each habitat group. However, specific
recommendations and specia consderations for each group are provided in the
appropriate habitat group sections.

Floral Attributes

Plants are important components of al ecosystems, firs because they are the primary
producers, making energy from the sun readably avalable to animas and other plants,
and second because they can ameiorate conditions so they are more favorable to other
biota. We recommend that as many flord attributes be measured that are practicd and fit
within the monitoring budget. Biologicd integrity is the presence and abundance of these

components and the only way to measure integrity is to measure these components.

Recommendation VI-4.1.11: We recommend that the Forest Service monitor the
presence/absence of plant species known to occur in peatlands of the Sierra Nevada.

Pearson and Leoschke (1992) evaluated the conservation satus of fens in lowa by
making plant species ligs for dtes vidted. They estimated that 2 hours were needed to
compile a plant species list a each Ste. They classfied those Stes with intact vegetation
(i.e, those dtes that contained the plants usualy found in lowa peetlands), high species
richness, and the presence of at least one rare species (i.e, endangered, threstened, or
specia concern gpecies) as outdanding. Sites with at least one rare species were
classfied as ggnificant. Stes that were cultivated, completely drained (or otherwise
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severdly disturbed) were classfied as destroyed. Standards for evauating the Satus of
peetlands in the Sierra Nevada have not been established, but adopting the above system
could be afirst step in developing those standards.

We have assembled a ligt of plants and their associated habitats (Table VI-4.1.1). The ligt
is probably incomplete, but substantidly represents information available from modern
literature. Subspecies have not been identified except by common name.

Periphyton attributes could aso be measured. These plants do not appear in Table VI-
4.1.1, but are consdered good indicators of condition and integrity (Barbour et d. 1999).
There are many advantages to using periphyton such as agae and diatoms as indicators.

1) Algae have rapid reproduction rates and short life cycles, and react quickly to
short-term impacts or conditions,

2) Rddivey dandard methods for collecting ae essy to apply, and ther
collection does not greatly impact other resident biota,

3) Standard methods for andyss of functiond and non-taxonomic dassfication
aeavalable,

4) Algd assamblages are sendtive to pollutants that may not be detected by
changes in other biologica components.
While periphyton species are important components of Siera Nevada peatlands,
monitoring them is time consuming and expensve. Taxonomic experts must be consulted
for identification, and the results can be delayed for severd months and years. We do not
recommend monitoring periphytons unless sufficient budget exists to support the effort
required to make it effective.

Recommendation VI-4.1.12: We recommend that the Forest Service monitor all
plant species that are liged by the U.S. Fish and Wildlife as Threatened or
Endangered, all proposed and candidate species, and all plants listed by the
California Department of Fish and Game asrare, threatened, or endanger ed.
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These plant species are of particular interest and information about changes in their
abundance and digtribution may potentidly be useful in managing them and their specid
habitets. Measuring the populations of these plants provides information about the
effectiveness of management sysems. Only one of the plants in Table VI-4.1.1 fdl into
these categories, however, Forest Service personnd should be dert for other species that
attain this satus.

Recommendation VI-4.1.13: We recommend that the Forest Service monitor
Darlingtonia californica populations.

Some plant species are consdered as indicators of condition, and may have specid
interest besides those designated as rare, threatened, or endangered. For example, the
Cdifornia pitcher plant, Darlingtonia californica, while not designated as a threstened
species, is important because of the habitat (bogs) they occupy. Populations of Cdifornia
pitcher plants can be reduced by fire suppression, over-collecting by horticulturdids, loss
of habitat due to mining, property development, grazing, and other activities that interrupt
water flow (Schnell 1976, Pietropaolo and Pietropaolo, 1986, Skinner and Pavlik 1994,
Nyoka and Ferguson 1999). The species is thought to be a good indicator of disturbance
to bogs and monitoring populations of this species will provide vduable information
about the condition of bogs in the Sierra Nevada (Nyoka and Ferguson 1999).

Recommendation VI-4.1.14: We recommend that the Forest Service monitor
populations of nonindigenous plant species.

Invasve, norrindigenous plants are a mgor concern. They can displace native species
and overwhelm a habitat in a short period of time. Establishment of exotic species usudly
implies that habitats have been disturbed or are not hedthy. We recommend that the
Forest Service include nontindigenous species as part of their monitoring program.
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Recommendation VI1-4.1.15. We recommend that the Forest Service monitor other
indicator plant populations as budgets per mit.

Other plant indicator species that react to conditions or disturbance include Shore sedge
(Carex limosa), sundew (Drosera mtundifolia) and spikerushes Elocharis spp.). Table
VI-41.1 includes a column “Indicates’. This column contains information from modern
literature regarding potentia conditions represented by the presence of these species.
Acronyms are based on the Nationd List of Plant Species that occur in Wetlands:
Cdifornia (Region 0) (Reed 1988).

OBL = Obligate Wetland plant. Occur dmost aways (estimated probability > 99%)
under natura conditions in wetlands.

FACW = Facultative Wetland plant. Usudly occur in wetlands (estimated probability
67% - 99%), but occasondly found in non-wetlands.

FAC = Facultative plant. Equaly likely to occur in wetlands or norntwetlands (estimated
probability 34% - 66%).

FACU = Facultative Upland plant. Usudly occur in nonwetlands (estimated probability
67% - 99%), but occasiondly found in wetlands (estimated probability 1% - 33%).
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Table VF4.1.1. Plants Associated with Peatland Habitats. A list of plant species associated with peatland habitats, their
common names, the habitats in which they occur, the attribute they may be an indicator for or, and references for
information provided. The list contains plant species that appear in the modern literature. Red = Federal Threatened or

Endangered, Purple = Federal proposed or candidate species, Green = CA Rare or Threatened

genus species common name habitat indicates reference

Blechnum spicant Deer fern bog/fen Sawyer and Keeler-Wolf
1995

Carex limosa Shore sedge bog/fen hydroperiod Sawyer and Keeler-Wolf
1995, Heise and
Merenlender 1999

Chamaecyparis  lawsoniana Port Orford-cedar bog/fen FACU+ Sawyer and Keeler-Wolf
1995, Guard 1995

Cyripedium califoricum California lady-slipper bog/fen Sawyer and Keeler-Wolf
1995

Darlingtonia californica Darlingtonia bog/fen fire, grazing, water flow, Sawyer and Keeler-Wolf

pollinators 1995, Nyoka and

Ferguson 1999

Drosera rotundifolia Sundew bog/fen hydroperiod, stable Sawyer and Keeler-Wolf

environment 1995, Erman 1976,

Marcot 1990

Eriophorum gracile Cotton-grass bog/fen Sawyer and Keeler-Wolf
1995

Gaultheria shallon Salal bog/fen Sawyer and Keeler-Wolf
1995

Hypericum anagalloides Tinker's penney bog/fen OBL Sawyer and Keeler-Wolf

1995, Guard 1995
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Ledum gladulosum Labrador-tea bog/fen FACW+ Sawyer and Keeler-Wolf
1995, Guard 1995

Lilium spp. Lilies bog/fen Sawyer and Keeler-Wolf
1995

Menyanthes trifoliata Bog-bean bog/fen OBL Sawyer and Keeler-Wolf
1995, Guard 1995

Mimulus primuloides Primrose monkeyflower bog/fen Sawyer and Keeler-Wolf
1995

Parnassia palustris Grass-of-Parnassus bog/fen Sawyer and Keeler-Wolf
1995

Pinguicula macroceras Butterwort bog/fen Sawyer and Keeler-Wolf
1995

Rhododendron occidentale Western azalea bog/fen Sawyer and Keeler-Wolf
1995

Rudbeckia californica Cone flower bog/fen Sawyer and Keeler-Wolf
1995

Rynchosposa spp. Rynchosposa moss bog/fen Sawyer and Keeler-Wolf
1995

Sphagnum spp. Sphagnum bog/fen pH Sawyer and Keeler-Wolf
1995, Siegel 1988

Spiraea douglasii Spiraea bog/fen FACW Sawyer and Keeler-Wolf
1995, Guard 1995

Vaccinium uliginosum Bog billberry bog/fen Sawyer and Keeler-Wolf
1995

Scirpus spp. Bulrushes marsh, seep, bog/fen Sawyer and Keeler-Wolf
1995

Eleocharis spp. Spikerushes seep, Bog/fen hydroperiod Sawyer and Keeler-Wolf

1995, Heise and
Merenlender 1999
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Faunal Attributes

Invertebrates ae the most numerous and diverse organisms that occur in wetland
habitats, both in number of gpecies and in numbers of individuas, and make up the vast
mgority of aguatic species in the Sera Nevada. Ther diverse functions as herbivores,
predators, omnivores, pollinators, and detritivores make them key components of
virtudly dl food webs Thus it is important to include information about invertebrate
species in aguatic habitat management decisons.

Locad degradation of habitats is hypotheszed to have led to dgnificant impacts on
aquatic invertebrates. The aquatic invertebrate fauna as a whole remans largdy
unknown, and only a fraction of the species diversty in the range has been identified or
dudied. In addition to more widely known aguetic habitats, such as streams and lakes,
many invertebrate species occur in highly locd places such as intermittent sreams,
ephemerd ponds, fens, bogs, sorings, and smal wetlands. Many species are known only
from dngle dtes Due to food chain rdationships, impacts to invertebraies have
sgnificant cascading effects on other animals.

From a conservation point of view, it is crucid to know how a plant population responds
to a disruption in the population of its pollinator. Most plants rely on several arthropod
species for pollination. Those that depend upon a smdl number of native pollinator
Species are at a greater risk when habitat is dtered or disturbed. Smal populations and
sparse flord displays may cause rare and endangered plant species to attract fewer
pollinators (Spira 2001). Habitat ateration may decrease pollinator populations and lead
to alower frequency of pallinator vists to threatened plants.

The measurement of dl ecosystem dtributes is virtudly impossble; therefore, practica
evauation of the impacts of disturbance and change often depends on surrogate
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information (Faith and Waker 1996). Many criteria have been advocated for use in
habitat assessment (Ratcliffe 1977, Margules and Usher 1981, Usher 1986). Invertebrates
represent over 85% of al species (Asquith et d. 1990) and have been used successfully
for monitoring in many ecosystem types (e.g., Nelson and Anderson 1994, Samways and
Steytler 1996, Ruzicka and Bohac 1993, and others). Because of their amdl sze high
divergty, and sendtivity to environmental perturbations, invertebrates ae useful
indicators of habitat heterogeneity, ecosysem biologica diversty, and environmentd
stress (Pearson 1992, Pearson and Cassola 1992, Kreman 1994, Nelson and Anderson
1994, Weaver 1995, Samways and Steytler 1996).

Invertebrate information is often Ste specific and sendtive to time and space; therefore, it
cannot be averaged over large, diverse areas. However, community compostion at
sected Stes often reveds the hedth of the ecosystem at that location (Cooperrider et d.
1986). Because invertebrates participate in dmost al ecologica processes, they provide a
better early warning sysem that rapidy and accurately reflects the redive intengty of
impacts than longer-lived species whose populations react more dowly to environmentd
change (Pearson and Cassola 1992, Kreman 1994, Samways and Steytler 1996).

Some agudtic invertebrates occur in large numbers and are ubiquitous. They are not only
sendtive, but adso respond quickly to environmentad changes. Monitoring aquatic
invertebrates has become a sandard measurement of water quality (EPA 1999). Aquatic
invertebrates can be a gauge of the levels of ecologica changes and are measurable links
between microscopic organiams and fish populations. Besdes being taxonomicdly well-
known, functiona feeding group identification has been wel worked out and used
extensvely for environmentd assessment (eg., EPT index).

Recommendation VI-4.1.16: We recommend that the Forest Service monitor the
presence/absence of invertebrate species known to occur in peatlands of the Serra
Nevada.
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We recommend that invertebrate species be included in the Forest Service monitoring
program of peatland habitats. We have assembled a list of invertebrates known to occur
in peatland habitats in the Sera Nevada (Table VI-4.1.2). The list is probably
incomplete, but subgstantidly represents information avalable from modern literature.
The daus of biologicd integrity is measured by the presence and abundance of these
components. Monitoring these invertebrate species will provide the Forest Service with
good data about the integrity of the peatland habitats.

Recommendation VI-4.1.17: We recommend that the Forest Service monitor all
invertebrate species that are listed by the U.S. Fish and Wildlife as Threatened or
Endangered, all proposed and candidate species, and all invertebrates listed by the
California Department of Fish and Game as rare, threatened, or endangered from
peatland habitats.

These species are of particular interest and information about changes in their abundance
and digribution may be potentidly useful in managing them and ther specid habitats
Measuring the populations of these invertebrates provides information about the
effectiveness of management sysems. None of the invertebrates in Table VI-4.1.2 fdl
into these categories, however, Forest Service personnd should be dert for species that

attain this satus.

Recommendation VI-4.1.18: We recommend that the Forest Service monitor
populations of nonindigenousinvertebrate speciesin peatland habitats.

Many exotic species of arthropods have been introduced into wetland habitats. The most
widespread is the honeybee (Apis mellifera L.). Although widdy condgdered beneficid,
honeybees can diglace native pallinators and disrupt native-plant pollination systems.
Studies have shown that while honeybees can remove up to 90% of the flora resources in
an areq, they are often poor pollinators of wild plants (O’ Toole 1993). The decrease in
food supply may aso be corrdated with a decrease in the number of native pollinator
species (Ginsburg 1983, Pyke and Bazer 1985, Roubik et al. 1986, Paton 1993,
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Buchmann 1996). The disruption of naturd pollination systems reduces seed production
and may threaten the long-term surviva of some plant species (Paton 1993, Spira 2001)

We recommend that the Forest Service monitor non-indigenous species. Exotic species
have the potentid to disupt naturd systems and their presence is often consdered a

measure of the condition of the habitat.

Recommendation VI1-4.1.19: We recommend that the Forest Service monitor other
indicator invertebrate populations as research uncovers valid reationships, and as
budgets permit.

Invertebrates have been shown to be very useful as indicators of the status of aquatic
habitats. Relaionships between the presence/dbsence, or abundance of invertebrate
species and habitat conditions have been wdl-studied for wadegble streams and rivers
(Barbour et ad. 1999), and for other wetland habitats (see Batzer et d. 1999), however,
few sudies have focused on invertebrates of pestland habitats in the Sierra Nevada
Information about invertebrate indicator species is preiminary and needs b be developed
further. This is a useful god for Forest Service research and while some information may
be collected during monitoring, cause-and-effect reationships can only be dudied in
controlled experiments.

In the only study that reports a correlation between an invertebrate group, oligochaetes,
and a pesatland attribute, peat depth, in pestlands in the Sierra Nevada, Erman and Erman
(1975) found that oligochaete annua production increased with peat depth. Other work
suggests  that soecies from the dipteran families Ephydridee, Culicidee, and
Chironomidae may dso function as indicators (Batzer & Resh 1992). Much work needs
to be done before invertebrates can be used as indicators of habitat conditions. There is a
lack of basdine inventory data, and few studies of the relationships between invertebrates
of peatlands and ecologica condition or conservation status (Marshadl et d. 1999).
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A word of caution: Invertebrate populations may be sendtive to sampling. In the pad,
entomologists have often sampled habitats under the assumption that their sampling does
no harm to the population beng sudied. This assumption should be reexamined. During
an ecological assessment in Hawaii in 1982, over 29,000 specimens of a U.S. Fish and
Wildlife candidate species, Wekiu bug (Nysius wekiuicola), were collected (Howarth and
Stone 1982). A second assessment in 1998 found that the population of these bugs had
declined 99.7% (Howarth et a. 1999). While other factors may have caused the decline
of this species, sampling certainly may have contributed. Brenner (2000) found thet the
population of some species of beetles declined after just two years of sampling with
pitfal trgps. We recommend that live traps be used where feasble and practicad for
sampling invertebrates, and that death traps be used only when no other dterndive is
avalable.
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Table VF4.1.2. Invertebrates Associated with Peatland Habitats in the Sierra Nevada. A list of invertebrate species
associated with peatland habitats, the habitats in which they occur, the attribute they may be an indicator for or , and
references for information provided. The list contains invertebrate species that appear in the modern literature.

family genus species habitat indicates reference
Diptera

Tipulidae peatlands Erman & Erman 1975
Tabanidae Chrysops spp. peatlands Erman & Erman 1975
Chrinomidae Pentaneura indecisa peatlands Erman & Erman 1975
Chrinomidae Corynoneura tarus peatlands Erman & Erman 1975
Chrinomidae Metriocnemus spp. peatlands Erman & Erman 1975
Chrinomidae Paratendipes spp. peatlands Erman & Erman 1975
Caratopogonidae peatlands Erman & Erman 1975
Oligochaeta Erman & Erman 1975
Lumbriculidae Kincaidiana hexatheca peatlands peat depth, water temperature  Erman & Erman 1975
Lumbriculidae Kincaidiana freidris peatlands peat depth, water temperature  Erman & Erman 1975
Lumbriculidae Lumbriculus variegatus peatlands peat depth, water temperature  Erman & Erman 1975
Tubificidae Limnodrilus silvani peatlands peat depth, water temperature  Erman & Erman 1975
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Tubificidae Rhyacodrilus coccineus peatlands peat depth, water temperature  Erman & Erman 1975

Tubificidae Tubifex kessleri americanus peatlands peat depth, water temperature  Erman & Erman 1975

Naididae Slavina appendiculata peatlands peat depth, water temperature  Erman & Erman 1975

Enchytraeidae Mesenchytraeus  spp. peatlands peat depth, water temperature  Erman & Erman 1975

Enchytraeidae Enchytraeus spp. peatlands peat depth, water temperature  Erman & Erman 1975

Acari peatlands Erman & Erman 1975

Arachnida

Aranidae Araniella displicata Seeps, bogs pollinator or associate of Nyoka & Ferguson 1999
Darlingtonia californica

Aranidae Cyclosa conica Seeps, bogs pollinator or associate of Nyoka & Ferguson 1999
Darlingtonia californica

Aranidae Metapeira grandiosa Seeps, bogs pollinator or associate of Nyoka & Ferguson 1999
Darlingtonia californica

Clubionidae Clubiona pacifica Seeps, bogs pollinator or associate of Nyoka & Ferguson 1999
Darlingtonia californica

Dictynidae Mallos pallidus Seeps, bogs pollinator or associate of Nyoka & Ferguson 1999

Darlingtonia californica

Pacific Analytics, LLC 74



), 9,9,90.9,0.9,0.9.0.9,0.9.0.9,0.9,0.0.0.0,0.0.0,0.0.0.0.0.0,0.0.0.9.0.0,0.9.0.9,0.9.0.9.0,9.0,0.0.0.0.0.0.0.0,0.0,0.0.0.0.0.0.0.0,0.9,.

), 9,9,90.9,0.9,0.9.0.9,0.9.0.9,0.9,0.0.0.0,0.0.0,0.0.0.0.0.0,0.0.0.9.0.0,0.9,0.9.0.9.0,9.0,90.0,0.0.0.0.0.0.0.0,0.0,0.0.0.0.0.0.0.0,0.0,

Micryphantidae

Salticidae

Tetragnathidae

Theridiidae

Thomisidae

Mollusca
Sphaeriidae

Metaphidippus

Tetragnatha

Theridion

Xysticus

Monitoring Special Aquatic Habitats
V1. Recommendations

aeneolus

versicolor

differens

locuples

Seeps, bogs

Seeps, bogs

Seeps, bogs

Seeps, bogs

Seeps, bogs

peatlands

pollinator or associate of
Darlingtonia californica

pollinator or associate of
Darlingtonia californica

pollinator or associate of
Darlingtonia californica

pollinator or associate of
Darlingtonia californica

pollinator or associate of
Darlingtonia californica

Nyoka & Ferguson 1999

Nyoka & Ferguson 1999

Nyoka & Ferguson 1999

Nyoka & Ferguson 1999

Nyoka & Ferguson 1999

Erman & Erman 1975
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VI1-4.2. Springsand Seeps
VI1-4.2.1. Mapping and I nventory

Recommendation VI-42.1: We recommend that Forest Service monitoring of
springs and seeps begin with mapping the locations of spring and seep habitats
within the management area.

Mapping may involve remote sensng such as satdlite or aerid photographs, or ground
searching in locdities where these habitats are likely to occur. Identifying the locations of
the individud <springs and seeps will fadlitste monitoring desgn  planning, help
determine adequate sample sze, and dlow for randomizations and other sampling
sdection criteria It will dso hdp the Forest Service determine the extent of these
habitats over the landscape. The maps aso provide a base layer for a GIS, upon which al
other information will be organized.

Mapping would dso provide information about the location of the nearest smilar habitat.
The digtance to the nearest seep was found to have a strong influence on the presence of
five serpentine seep habitat specidist plant species (Harrison et a. 2000). These plants
are conddered important because they appear on the Cdifornia Native Plant Society’s
inventory of rare and endangered vascular plants (Smith 1981).

Recommendation VI-4.2.2: We recommend that the Forest Service mapping
include measurements at each site of the elevation, topographic postion (dope and
aspect), substrate type, the size (historic extent of inundation) and shape of the
habitat, significant landmarks (e.g., large trees, boulders, buildings, €tc.).

Information about these important attributes may help to explain variaion of the biota in
these habitats. For example, spring research in Canada has shown that dope, aspect, and
elevation have important influences on the penetration and discharge rates of spring water
(see Everdingen 1991). These rates may influence the qudity of the habitat and the

ability of some species to survive (Dank and Williams 1991). Furthermore, geologic
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stings of sorings tend to influence the chemicd compostion of dissolved solids in
spring water (Everdingen 1991).

In a descriptive study of seeps in Marin County, Cdifornia, Fiedler and Leidy (1987)
hypothesized that dope, aspect, and topographic position may be an important factor
influencing the didribution of seep-specidist plant species. Source geometry  was
hypothesized to be important in the perastence of some plant and animal species in seeps
in Canada (Danks and Williams 1991).

Surrounding vegetation can have sgnificant impacts on the plants and animds that occur
in springs. Shade reduces the growth rates of aguatic vegetation, lowering primary
productivity and reducing the species richness of invertebrate assemblages (Danks and
Williams 1991). This is another important dtribute to measure during mapping and

monitoring.

Recommendation VI1-4.2.3: We recommend that the Forest Service photograph the
sitesupon thefirst and subsequent visits.

Photographs provide information about the location of mgor landmarks or features of
morphology or orientation, vegetation zones, buildings, etc (Barbour et d. 1999). This
informetion will be ussful to those people evauating and interpreting the monitoring

information and can be a good reference record of environmenta change.

Photographs dso provide information about vegetation adjacent to the habitats. In
Canada, the vegetation surrounding springs has been shown to modify conditions by
shading the water, and providing microhabitats for a variety of invertebrates (Danks and
Williams 1991).
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V1-4.2.2 Basic Explanatory Variables (Condition)

Ecosysems ae produced by multiple environmentd factors acting Smultaneoudy
(Keddy 2000). These “conditions’ explain some part of the variaion in biotic populations
over time, and therefore should be measured. Corrdations between changes in
environmentd factors and changes in biotic populations of interet need to be
invesigated, and analyzed, to be undersood. Knowledge of the nature of these
relationships will dlow andyses to be “adjusted” for environmental factors, filtering out
“noisg’, 0 that the impacts from management and disturbance can be distinguished from
the natura variability exhibited by the parameters.

Recommendation VI-4.2.4: We recommend that the Forest Service monitor basic
environmental factors such as average and minimum/maximum temperatures,
rainfall, and humidity.

Biologists have documented the effects of these environmentd factors on plants and
animas, and their ability to cause great varidion in biologica assemblages. It is agang
these basic explanatory varidbles tha dl other influences will be measured. Low-cost
weather dations have made the collection of this kind of information essy and affordable.
Data recorders can be used to store weather and climate information for download at
convenient  intervas Minimum/maximum temperaures is hypotheszed to be an
important factor determining the composition of biotic assemblages of seeps (Danks and
Williams 1991).

Recommendation VI-4.25. We recommend that the Forest service monitor
hydrological factors: water depth, area or extent, and timing of inundation, and
water persistence.

Evduation of habitat quaity is essentid in any assessment of ecologicd condition, and
should be peformed & each dte a the time of biologicd sampling. An important
physca attribute that reflects condition is hydrology. Hydrology accounts for more than
50% of the varigion found in aguatic plant and anima populations (Keddy 2000).
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Hydrologicd factors include water depth, area or extent and timing of inundation, and
water perssence, and water discharge rate. All are important factors that influence biotic
assemblages found in specid aguatic habitats. Danks and Williams (1991) reported that
higher discharge rates inhibit accumulation of detritd food materias, and may influence
some biotic populations. High water discharge rates also increases habitat heterogeneity

and can increase gpecies richness (Danks and Williams 1991).

Seep size was determined to be a non-ggnificat factor in the pergsence of five
serpentine seep habitat specidist plant species (Harrison et d. 2000), but this study was
limited and we believe habitat 9ze may be an important factor in the distribution of other
species. The persstence of water a seeps was consdered important in the differences of
biotic assemblages between different seeps in Canada (Danks and Williams 1991). The
same relationships may be expected to occur in Sierra Nevada seeps and springs.

Hydrology attributes, such as underground water flow rates and time in the ground are
interesting and may influence the conditions of habitats, however, these atributes are
more difficult to messure, and commitment of resources should be consdered and
evauated before these measurements are undertaken. Everdingen (1991) found that Tota
Disolved Solids (TDS) reflected the minerad compostion of the rock drata and
subsurface resdence time. He did not include in his publication how these factors may
influence the biota of springs, only that TDS was a measure of the condition of the spring
habitats in Canada (see Recommendation V1-4.2.6).

Recommendation VI1-4.2.6: We recommend that the Forest Service monitor water
temperature, dissolved oxygen, pH, and TDS.

Water qudity and chemistry are important factors that can influence habitat condition and
dructure of biotic assemblages, and account for about 35% of the variation found in
flora and faund populations (Keddy 2000). Indicators of water qudity are temperature,
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disolved oxygen, turbidity, pH, conductivity, hadness and dkdinity, <dinity,
orthophosphate, nitrate, and minerd concentrations (eg., Cadcium and Magnesum per
liter).

Water temperature is one of those abiotic attributes that should be considered a basic
explanatory variable againgt which the influence of other atributes can be measured.
Water temperature influences the species of plants and animds found in Canadian
springs, and the same relationship can be hypothesized to occur Sierra Nevada habitats
(Danks and Williams 1991). As water temperature incresses, the number of aquatic
invertebrate species decreases (Lamberti and Resh 1983, Pritchard 19991, Myers and
Resh 1999). We recommend water temperature measurements be included in monitoring
of springs and seepsin the Sierra Nevada

Besdes temperature, the measurement of conductivity, dissolved oxygen, pH, and
turbidity is standard to many aguatic sudies and dlows some comparison among Stes
(Barbour et d. 1999). The measurement of these attributes is reaively smple and
dandardized kits are avalable Water chemigsry (TDS) is hypotheszed to be an
important factor in the didribution of spring-specidist plants and animads (Danks and
Williams 1991).

Water pH is consdered an indicator of the concentration of metal ions which may have a
detrimental effect on fish populaions in Sreams recaiving oring discharge. Research in
Canadian springs found that low pH indicated a high meta concentration (Everdingen
2000).

We recommend that these attributes be monitored in spring and seep habitais. All but
conductivity were dtributes measured in descriptive studies of springs and seeps we
evaduated for this report, dthough no direct information was found that related how the
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factors changed the biotic assemblages. However, these variables many aso impact the
condition of Sierra Nevada springs and seeps, and the incorporation of these water quality
atributes into analyses will help distinguish Sgnd from noise.

Because water is sometimes drawn from wels for use by humans and catle, there is often
concern about the condition of ground water. It has been suggested that monitoring the
conditions of water in springs and seeps can be useful in extrapolating the conditions of
ground weter (Williams and Danks 1991). Little literature is available on this subject and
more work needs to be completed before correations are established between ground

water and spring water conditions.

Recommendation VI-4.27: We recommend that the Forest Service monitor
fr_equency, intensity and extent of disturbances such as fire, grazing, mining, and
visitors.

Disturbance can account for up to 20% of the variaion in biotic populations (Keddy
2000). We recommend that atributes (frequency, intensty and extent) of disturbances
such as grazing, fire, mining, and vidtors be measured. Grazing and off-road vehicular
treffic are hypotheszed to modify the vegediond dructure of plant communities by
trampling plant species in goring and seep habitats, leading to an increase in the presence
of norrindigenous species (Fiedler and Leidy 1987). Also, cattle and off-road vehicles
trample vegetation, browse surrounding vegetation, exacerbate eroson and gullying,
thereby diminating potentid nesting habitet. Mining activities may aso change eroson
patterns and the chemica composition of ground water. Fire can change the structure of
the forests surrounding peatland habitats, and may potentidly influence the conditions in
this specia aquatic habitat.

Recommendation VI-4.28: We recommend that the Forest Service monitor
physical attributes using remote sensing techniques wherever practical to avoid
unnecessary disturbance by monitoring personndl.
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Frequent vists by monitoring personne can inadvertently change the conditions at
sampling Stes. Monitors open trails that facilitate access by other vistors who are not
aware of the sendtive nature of spring and seep habitats. Trampling and compeaction is

difficult to avoid and even the most knowledgeable visitor can disturb senstive habitats.

V1-4.2.3. Biotic Attributes (I ntegrity)

Floral Attributes

Plants are important comporents of al ecosysems, fird because they are the primary
producers, making energy from the sun readably avalable to animads and other plants,
and second because they can ameliorate conditions so they are more favorable to other
biota We recommend that as many flord attributes be measured that are practicd and fit
within the monitoring budget. Biologica integrity is the presence and abundance of these

components and the only way to measure integrity is to measure these components.

Pant species may exhibit srong synchronized population fluctuations that may be
correlated with habitat conditions, dthough the conditions that influence populaiion sze
remain to be described. Scientits Sudying serpentine seeps suggest  that  spetid
digribution may be very important to the survival of these rare plants (e.g., Harrison et d.
1999).

Recommendation VI-4.2.9: We recommend that the Forest Service monitor the
presence/absence of plant species known to occur in springs and seeps of the Sierra
Nevada.

Little informetion is available about the plants that occur in springs and seeps in the
Sera Nevada In a recent publication about California vegetation, Sawyer and Keder-
Wolf (1995) offer only sparse information about the plants that occur in spring and seep
habitats. We have assembled a list of plants and their associated habitats (Table VI-4.2.1)
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from avalable literature. The lig is probably incomplete, and generd inventories of
Soring and seep vegetation would expand the list.

Recommendation VI1-4.2.10. We recommend that the Forest Service monitor all
plant species that are lised by the U.S. Fish and Wildlife as Threatened or
Endangered, all proposed and candidate species, and all plants lised by the
California Department of Fish and Game asrare, threatened, or endanger ed.

These plant species are of particular interet and information about changes in their
abundance and didribution may be potentidly useful in managing them and ther specid
habitats. Measuring the populations of these plants provides information about the
effectiveness of management sysems. None of the plants in Table VI-4.2.1 fdl into these
categories, however, Forest Service personnd should be dert for species that attain this
gatus.

Recommendation VI-42.11: We recommend that the Forest Service monitor
populations of nonindigenous plant species.

Invasve, norrindigenous plants are a mgor concern. They can displace native species
and overwhelm a habitat in a short period of time. Establishment of exotic species usualy
implies that habitats have been disturbed or are not hedthy (Fiedler and Leidy 1987). We
recommend that the Forest Service include norrindigenous species as pat of ther

monitoring program.

Recommendation VI-4.2.12: We recommend that the Forest Service monitor other
indicator plant populations as budgets per mit.

Some plant indicator species react to habitat conditions. Table VI-4.2.1 includes a
column “Indicates’. This column contains information from modern literature regarding
potentia conditions represented by the presence of these species. Acronyms are based on
the Nationa List of Plant Species that occur in Wetlands Cdifornia (Region 0) (Reed
1988).
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Table VH4.2.1. Plants Associated with Sierra Nevada Spring and Seep Habitats. A list of plant species associated with
spring and seep habitats, their common names, the attribute they may be an indicator for, and references for information
provided. The list contains plant species that appear in the modern literature.

genus
Carex

Scirpus

Carex

Eriophorum
Pedicularis

Eleocharis

Carex

Juncus

Oryzopsis

Eleocharis

species
utriculata

Spp.

scopularum

criniger
groenlandica

Spp.

nebrascensis

spp.

Kingii

palustris

common name
Beaked sedge

Bulrushes

Rocky Mountain sedge

Cotton-grass
Elephant's ears

Spikerushes

Nebraska sedge

Rushes

Sierra ricegrass

creeping spikerush

habitat
marsh, seep

marsh, seep, bog/fen

seep

seep
seep

seep, Bog/fen

seep, wet meadow

seep, wet meadow

seep, wet meadow

wet meadow, seep,
vernal marsh

indicates
OBL

FACW, hydroperiod

hydroperiod

hydroperiod

hydroperiod

OBL, hydroperiod

reference

Sawyer and Keeler-Wolf
1995, Guard 1995

Sawyer and Keeler-Wolf
1995

Sawyer and Keeler-Wolf
1995, Guard 1995, Heise
and Merenlender 1999

Sawyer and Keeler-Wolf
1995

Sawyer and Keeler-Wolf
1995

Sawyer and Keeler-Wolf
1995, Heise and
Merenlender 1999

Sawyer and Keeler-Wolf
1995, Heise and
Merenlender 1999

Sawyer and Keeler-Wolf
1995, Heise and
Merenlender 1999

Sawyer and Keeler-Wolf
1995

Tiner 1999, Guard 1995,
Heise and Merenlender
1999
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Faunal Attributes

Invertebrates ae the most numerous and diverse organisms that occur in wetland
habitats, both in number of gpecies and in numbers of individuas, and make up the vast
magority of aguatic species in the Sierra Nevada. Their diverse functions as herbivores,
predators, omnivores, pollinators, and detritivores make them key components of
virtudly dl food webs Insects may aso be good indicators of pollination function and
therefore biotic integrity of these habitats (Harrison et d. 1999). Because of their specid
adaptations to conditions, the fauna of springs and seeps may provide useful and
meaningful, and rdativdy inexpendve, indicators for monitoring groundwater qudity
(Erman 1989, Williams e d. 1990, Williams 1991a). Thus it is important to include
information about invertebrate species in aguatic habitat management decisions.

Recommendation VI-4.2.13: We recommend that the Forest Service monitor the
presence/absence of invertebrate species known to occur in springs and seeps of the
Sierra Nevada.

We recommend that invertebrate species be included in the Forest Service monitoring
program of spring and seep habitats. We have assembled a list of invertebrates known to
occur in spring and seep habitats in the Serra Nevada (Table VI-4.2.2). The lig is
probably incomplete, but subgantidly represents information avalable from modern
literature. The Status of biologicd integrity is measured by the presence and abundance of
these components. Many crenophilic mite species, for example, exhibit a very narow
tolerance range for environmenta factors such as dissolved chemicas and pH, as wel as
temperature. These species have been suggests as potential biomonitors of environmental
change (eg. Schwoerbe 1959, Young 1969, Smith 1991). Trichoptera show a strong
afinity to habitat conditions such as water temperature and food availability. Differences
in populations may dso be due to eevation, groundwater source, and Summer

temperatures (Williams 1991b). Monitoring invertebrate species will provide the Forest
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Service with the best information about the integrity and qudity of the spring and seep
habitats (Danks and Williams 1991).

Recommendation VI-4.2.14: We recommend that the Forest Service monitor all
invertebrate species that are listed by the U.S. Fish and Wildlife as Threatened or
Endangered, all proposed and candidate species, and all invertebrates listed by the
California Department of Fish and Game asrare, threatened, or endangered.

These species are of particular interest and information about changes in ther aundance
and digribution may be potentidly useful in managing them and ther specid habitats
Measuring the populations of these invertebrates provides information about the
effectiveness of management systems. Only one of the invertebrates (Gumaga griseola)
in Table VI-4.2.2 fal into these categories, and, Forest Service personnel should be dert
for other speciesthat attain this status.

Recommendation VI-4.2.15: We recommend that the Forest Service monitor
nonindigenous inver tebr ate species.

Many exotic species of arthropods have been introduced into wetland habitats. These
goecies may displace or extirpate important native species. We recommend that the
Forest Service monitor norrindigenous species. Exotic species have the potentid to
disrupt natura systems and their presence is often considered a measure of the condition
of the habitat (Danks and Williams 1991).

Recommendation VI1-4.2.16: We recommend that the Forest Service monitor other
indicator invertebrate populations as research uncovers valid relationships, and as
budgets per mit.

Invertebrates have been shown to be very useful as indicators of the status of aquatic
habitats. Relationships between the presence/absence, or abundance of invertebrate
species and habitat conditions have been well-studied for wadesble streams and rivers
(Barbour et d. 1999), and for other wetland habitats (see Batzer et a. 1999), however,
few dudies have focused on invertebrates of spring and seep habitats in the Sera
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Nevada. Information about invertebrate indicator species is prdiminay and needs to be
developed further. This is a useful goad for Forest Service research and while some
information may be collected during monitoring, cause-and-effect relaionships can only
be studied in controlled experiments.

Only a few dudies have been published with information about spring and seep
invertebrates in the Sierra Nevada (Erman 1984, 1989). There is a lack of basdine
inventory data, and no sudies of the rdationships between invertebrates of springs and
seeps in the Sierra Nevada and ecological condition or conservation status. There is a
need for area-wide inventory and monitoring of spring and seep invertebrates to obtain
more information on <species with respect to potentid physologica and ecologicd
adjustments and relationships with other organisms (Danks and Williams 1991).
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Table VF4.2.2. Invertebrates Associated with Spring and Seep Habitats in the Sierra Nevada. A list of invertebrate
species associated with spring and seep habitats, the habitats in which they occur, the attribute they may be an indicator
for or, and references for information provided. The list contains invertebrate species that appear in the modern literature.

family genus species habitat indicates reference
Trichoptera

Goeridae Goeracea oregona springs Erman 1989
Lepidostomatidae Lepidostoma verodum springs Erman 1989
Lepidostomatidae Lepidostoma ermanae springs Erman 1989
Limnephilidae Allomyia cidoipes springs Erman 1989
Limnephilidae Cryptochia excella springs Erman 1989
Limnephilidae Desmona bethula springs Erman 1989
Limnephilidae Hesperophylax designatus springs, ponds Erman 1989
Limnephilidae Homophylax rentzi springs Erman 1989
Limnephilidae Lenarchus rilus springs, ponds Erman 1989
Limnephilidae Limnephilus peltus springs Erman 1989
Limnephilidae Neophylax splendens springs Erman 1989
Limnephilidae Psychoglypha ormiae springs Erman 1989
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VI. Recommendations

Odontoceridae Parthina linea springs, seeps Erman 1989

Philopotamidae =~ Wormaldia occidea springs Erman 1989

Phryganeidae Yphria californica springs Erman 1989

Rhyacophilidae Rhyacophila ardala springs Erman 1989

Rhyacophilidae Rhyacophila brunnea springs Erman 1989

Rhyacophilidae Rhyacophila grandis springs Erman 1989

Rhyacophilidae Rhyacophila harmstoni springs Erman 1989

Rhyacophilidae Rhyacophila oreta springs Erman 1989

Rhyacophilidae Rhyacophila verrula springs Erman 1989

Sericostomatidae  Gumaga griseola springs Erman 1989

Arachnida

Aranidae Araniella displicata Seeps, bogs pollinator or associate of Nyoka & Ferguson 1999
Darlingtonia californica

Aranidae Cyclosa conica Seeps, bogs pollinator or associate of Nyoka & Ferguson 1999
Darlingtonia californica

Aranidae Metapeira grandiosa Seeps, bogs pollinator or associate of Nyoka & Ferguson 1999

Darlingtonia californica
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Clubionidae

Dictynidae

Micryphantidae

Salticidae

Tetragnathidae

Theridiidae

Thomisidae

Clubiona

Mallos

Metaphidippus

Tetragnatha

Theridion

Xysticus

Monitoring Special Aquatic Habitats
VI. Recommendations

pacifica

pallidus

aeneolus

versicolor

differens

locuples

Seeps, bogs

Seeps, bogs

Seeps, bogs

Seeps, bogs

Seeps, bogs

Seeps, bogs

Seeps, bogs

pollinator or associate of
Darlingtonia californica

pollinator or associate of
Darlingtonia californica

pollinator or associate of
Darlingtonia californica

pollinator or associate of
Darlingtonia californica

pollinator or associate of
Darlingtonia californica

pollinator or associate of
Darlingtonia californica

pollinator or associate of
Darlingtonia californica

Nyoka & Ferguson 1999

Nyoka & Ferguson 1999

Nyoka & Ferguson 1999

Nyoka & Ferguson 1999

Nyoka & Ferguson 1999

Nyoka & Ferguson 1999

Nyoka & Ferguson 1999
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VI1-4.3. Ponds
VI1-4.3.1. Mapping and I nventory

Recommendation VI-4.3.1: We recommend that Forest Service monitoring of ponds
begin with mapping the locations of pond habitats within the management area.

Mapping may involve remote sensng such as sadlite or aerid photographs, or ground
searching in locdities where these habitats are likdy to occur. Identifying the locations of
the individud ponds will feclitate monitoring design planning, help determine adequate
sanple sze, and dlow for randomizations and other sampling sdection criteria It will
a0 hdp the Forest Service determine the extent of these habitats over the landscape. The
maps adso provide a base layer for a GIS, upon which dl other information will be

organized.

Recommendation VI-4.3.2. We recommend that the Forest Service mapping
include measurements at each site of the elevation, substrate type, the size (historic
extent of inundation) and shape of the habitat, significant landmarks (eg., large
trees, boulders, buildings, etc.), and adjacent vegetation.

Information about these important attributes may help to explain variation of the biota in
these habitats. Factors such as éevation and subdtrate type can influence the flora and
fauna that may occur in a pond habitat (Soiseth 1992). In Canadian ponds, perimeter size
is pogtively corrdated spawning habitat for Leopard frogs and could be an important
feactor for frogs and other fauna in the Sierra Nevada (Pope et a. 2000). Knowledge of the
surrounding landscape is required to understand species didtribution and abundance (Pope

et a. 2000).
Recommendation VI1-4.3.3: We recommend that the Forest Service photograph the
sitesupon thefirst and subsequent visits.

Photographs provide information about the location of mgor landmarks or features of
morphology or orientation, vegetation zones, buildings, etc (Barbour et a. 1999). This
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information will be useful to those people evauding and interpreting the monitoring
information and can be a good reference record of environmenta change.

V1-4.2.2 Basic Explanatory Variables (Condition)

Ecosysems ae produced by multiple environmentd factors acting smultaneoudy
(Keddy 2000). These “conditions’ explain some part of the variation in biotic populations
over time, and therefore should be measured. Corrdations between changes in
environmental factors and changes in biotic populations of interet need to be
investigated, and andyzed, to be understood. Knowledge of the nature of these
relationships will dlow andyses to be “adjusted” for environmentd factors, filtering out
“noise’, 0 that the impacts from management and disturbance can be digtinguished from
the naturd variability exhibited by the parameters.

Recommendation VI-4.3.4: We recommend that the Forest Service monitor basic
environmental factors such as average and minimum/maximum temperatures,
rainfall, and humidity.

Biologists have documented the effects of these environmenta factors on plants and
animas, and ther ability to cause grest variaion in biologicd assemblages. In the Serra
Nevada, for example, caddisfly larvee presence is largely determined by climate, and
timing of collections can influence the assemblage sampled (Erman 1989). It is agang
these kinds of basc explanaory vaidbles tha dl other influences will be measured.
Low-cost weather gations have made the collection of this kind of information easy and
affordable. Data recorders can be used to store weather and climate information for
download at convenient intervals.

Recommendation VI-4.35. We recommend that the Forest service monitor
hydrological factors. water depth, area or extent, and timing of inundation, and
water persistence.
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Evduation of habitat quaity is essentid in any assessment of ecologicd condition, and
should be peformed & each dte a the time of biologicd sampling. An important
physcd attribute that reflects condition is hydrology. Hydrology accounts for more than
50% of the varigion found in aguatic plant and anima populations (Keddy 2000).
Hydrologicd factors include water depth, area or extent and timing of inundation, and
water persstence, and water discharge rate. All are important factors that influence biotic
assemblages found in specid aguatic habitats.

Water depth has been shown to influence the populatiions of invertebrate species in
ponds. In Suisun Marsh in Solano County, Cdifornia, larvae of the midge, Chironomus
stigmatus, occur in higher abundance in ponds 55 cm deegp compared to ponds only 40
cm deep (Batzer and Resh 1992). Water persstence (hydroperiod) has adso been shown to
impact aquatic species in ponds. In the Emerald Lake watershed in the Seerra Nevada, the
sze and surviva of larva Treefrogs was found to decrease with shorter pond persistence
(Soiseth 1992).

Other important physical aitributes that have been found important for classfying and
evaduding pond daus include pond maximum length, breeth, surface area, and shoreline
length maximum depth and percent relative depth, water permanence, sediment depth
(Marcot 1990). Marcot (1990) found water permanence was the best attribute to classify
pond habitats.

Recommendation VI1-4.3.6: We recommend that the Forest Service monitor water
temperature, dissolved oxygen, pH, and TDS.

Water qudity and chemidry are other important factors influencing habitat condition and
Sructure of biotic assemblages, and account for about 35% of the variation found in
flord and faund populations (Keddy 2000). Indicators of water quality are temperature,
disolved oxygen, turbidity, pH, conductivity, hardness and dkdinity, sdinity,
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orthophosphate, nitrate, and minerd concentrations (e.g., Cdcium and Magnesum per
liter). Some of these variables are more important in pond habitats than others.

Water temperature is one of those abiotic attributes that should be consdered a basic
explanatory variable againg which the influence of other atributes can be measured.
Water temperature can influence the body size of Tredfrog larvee and ultimatdy impact
their survivability. In ponds in South Caroling, Leips e d. (2000) found tha higher
temperatures led to smdler body Sze a metamorphoss. These larvae were often more
easlly preyed upon by predators. We recommend water temperature measurements be
included in monitoring of pond habitats in the Sierra Nevada.

Beddes temperature, the measurement of conductivity, dissolved oxygen, pH, and
turbidity is standard to many aguatic studies and dlows some comparison among Stes
(Barbour et d. 1999). The measurement of these attributes is reaively smple and
dandardized kits are available Some attributes are more important than others. For
example, episodic acidification in the Sierra Nevada occurs in adpine wetlands during
snowmelt and summer raingorms (Dozier et d. 1987, Mdack et a. 1988, Stohigren and
Parsons 1987). Sierra Nevada surface waters are sendtive to acid deposition because of
ther dilute chemistry (Melack et al. 1988). Larva dages of Treefrogs in the Emerad
Lake watershed located in the Sierra Nevada are sengtive to low pH, and may die at pH
leves bdow 5.0 (Soissth 1992). Therefore, pH is an important physica attribute to
measure.

In a study of pond habitats, temperature, dissolved oxygen, pH, conductivity, turbidity
were used to classfy ponds. These attributes were then used to explain the ditribution of
pond vegetation (Marcot 1990). The exact reationships between these attributes and
vegetation distribution was not discussed in the aticle, they were consdered important
atributes. These varidbles many adso impact the condition of Sierra Nevada ponds, and
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the incorporation of these water qudity attributes into anadyses will hep disinguish
ggnd from noise. We recommend that these attributes be monitored in Sierra Nevada
pond habitats.

Dissolved solids (TDS) is dso an important factor that influences the quality of pond
habitets. In a sudy of sdine ponds in Fresno County, there was a negdtive corrdation
between sdinity and species richness (Parker and Knight 1992). They concluded that
disolved minerds ae mogt likdy the most important factor determining biologica
characteridics in those kinds of sysems. While sdinity may not be a big factor in Sierra
Nevada ponds, dissolved solids extracted from serpentine substrata may impact species
richness. Monitoring TDS may expose close relationships previoudy unstudied.

Recommendation VI-4.3.7. We recommend that the Forest Service monitor
frequency, intensity and extent of disturbances such as fire, grazing, mining, and
visitors.

Disturbance can account for up to 20% of the variation in biotic populations (Keddy
2000). We recommend that attributes (frequency, intensty and extent) of disturbances
such as grazing, fire, mining, roads, and vigtors be measured. Mining activities may aso
change erosion patterns and the chemica compostion of ground water. Fire can change
the dtructure of the forests surrounding pestland habitats, and may potentidly influence
the conditions in this specid aguaic habitat. Road building often dters the physicd
environment, and soil adjacent to and under the road, soil dendity, temperature, water
content, light levels, dust, surface waters, patterns of runoff, and sedimentation as well as
adding heavy metds (especidly lead), sdts, organic molecules, ozone, and nutrients to
roadside environments. Roads also promote the spread of exotic species and the use by
humans (Trombulak and Frissal 1999).
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Recommendation VI1-4.3.8: We recommend that the Forest Service monitor
physical attributes usng remote sensing techniques wherever practical to avoid
unnecessary disturbance by monitoring personnel.

Frequent vists by monitoring personnd can inadvertently change the conditions a
sampling dtes. Monitors open trails that fecilitate access by other vistors who are not
aware of the senstive nature of pond habitats. Trampling and compaction is difficult to

avoid, and even the most knowledgesble visitor can disturb sendtive habitats.

V1-4.3.3. Biotic Attributes (I ntegrity)

Floral Attributes

Plants are important components of al ecosystems, firs because they are the primary
producers, making energy from the sun readably avalable to animas and other plants,
and second because they can ameliorate conditions so they are more favorable to other
biota. We recommend that as many flora attributes be measured that are practicd and fit
within the monitoring budget. Biologicd integrity is the presence and abundance of these

components and the only way to measure integrity is to measure these components.

Recommendation VI-4.3.9: We recommend that the Forest Service monitor the
presence/absence of plant species known to occur in ponds of the Sierra Nevada.

Little information is available about the plants that occur in ponds in the Sierra Nevada
In a recent publication about Cdifornia vegetation, Sawyer and Keder-Wolf (1995) offer
only sparse information about the plants that occur in pond habitats. We have assembled
a lig of plants and their associated habitats (Table VI-4.3.1) from available literature. The
ligt is probably incomplete, and generd inventories of pond vegetation would expand the
lig.
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Species such as foxtails (Alopeccurus spp.), cinquefoils (Potentilla spp.), and crowfoots
(Ranunculus spp.) can be good indicators of stability of pond conditions (Marcot 1990).
Foxtals and crowfoot species indicate ephemerd or adtatic conditions, while cinquefoils
areasgn of pond stability.

Periphytons may be good indicators of mesotrophic and eutrophic conditions. The list in
Table 4.3.1 does not include algae, however, studies have shown that some algae species,
such as Aphanizonmenon flosaquae and Microcystis aeruginosa, and epiphytic and
tychoplantonic diatoms can reved provide dggnificant information about the trophic
hedth of ponds and the degree of organic materid input (Marcot 1990). Low abundance
levels of these dgae indicate rdativey hedth habitats. Moderate diversty of the distoms
mentioned can denote mesotrophy or early stages of eutrophy (Marcot 1990).

Recommendation VI-4.3.10: We recommend that the Forest Service monitor all
plant species that are listed by the U.S. Fish and Wildlife as Threatened or
Endangered, all proposed and candidate species, and all plants listed by the
California Department of Fish and Game asrare, threatened, or endangered.

These plant species are of particular interest and information about changes in their
abundance and didribution may be potentidly useful in managing them and ther specid
habitets. Measuring the populations of these plants provides information about the
effectiveness of management sysems. None of the plants in Table VI-4.3.1 fdl into these
categories, however, Forest Service personnel should be dert for species that attain this
status.

Recommendation VI-4311: We recommend that the Forest Service monitor
nonindigenous plant species.

Invasve, norrindigenous plants are a mgor concern. They can displace native species
and overwhem a habitat in a short period of time. We recommend that the Forest Service

include non-indigenous species as part of their monitoring program.
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Recommendation VI-4.3.12: We recommend that the Forest Service monitor other
indicator plant populations as budgets per mit.

Some plant indicator species react to habitat conditions. Table VI-4.3.1 includes a
column “Indicates’. This column contains information from modern literature regarding
potential conditions represented by the presence of these species. Acronyms are based on
the Nationa List of Plant Species that occur in Wetlands Cdifornia (Region 0) (Reed
1988).
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Table VF4.3.1. Plants Associated with Sierra Nevada Pond Habitats. A list of plant species associated with pond habitats,
their common names, the attribute they may be an indicator for, and references for information provided. The list contains
plant species that appear in the modern literature.

genus species common name habitat indicates reference

Scirpus acutus common tule freshwater marsh semipermanent flooding, OBL  Tiner 1999, Guard 1995

Typha angustifolia narrowleaf cattail freshwater marsh subalkaline water, deeper Tiner 1999, Keddy 2000,

water, OBL Guard 1995
Typha latifolia Broadleaf cattail freshwater marsh alkaline soil, shallow water, Tiner 1999, Keddy 2000,
OBL Guard 1995

Brasenia schreberi Water-shield marsh OBL Sawyer and Keeler-Wolf
1995, Guard 1995

Isoetes spp. Quillworts marsh OBL Sawyer and Keeler-Wolf
1995, Guard 1995

Nuphar luteum Yellow pond-lily marsh Sawyer and Keeler-Wolf
1995

Potamogeton spp. Pondweeds marsh OBL Sawyer and Keeler-Wolf
1995, Guard 1995

Sparganium angustifolium Narrowleaf bur-reed marsh Sawyer and Keeler-Wolf
1995

Sparganium emersum Simpleleaf bur-reed marsh OBL Sawyer and Keeler-Wolf
1995, Guard 1995

Sparganium natans Small bur-reed marsh Sawyer and Keeler-Wolf
1995

Sparganium spp. Bur-reeds marsh Sawyer and Keeler-Wolf
1995

Torreyochloa spp. Torreyochloa moss marsh Sawyer and Keeler-Wolf

1995
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Typha spp. Cattails marsh Sawyer and Keeler-Wolf
1995

Carex utriculata Beaked sedge marsh, seep OBL Sawyer and Keeler-Wolf
1995, Guard 1995

Scirpus spp. Bulrushes marsh, seep, bog/fen Sawyer and Keeler-Wolf
1995

Carex nebrascensis Nebraska sedge seep, wet meadow hydroperiod Sawyer and Keeler-Wolf
1995, Heise and
Merenlender 1999

Juncus spp. Rushes seep, wet meadow hydroperiod Sawyer and Keeler-Wolf
1995, Heise and
Merenlender 1999

Oryzopsis kingii Sierra ricegrass seep, wet meadow Sawyer and Keeler-Wolf
1995

Achillea lanulosa Yarrow wet meadow Sawyer and Keeler-Wolf
1995

Agrostis capillaris Colonial bent grass wet meadow FAC Sawyer and Keeler-Wolf
1995, Guard 1995

Angelica tomentosa Angelica wet meadow Sawyer and Keeler-Wolf
1995

Anthoxanthum odoratum Vernal grass wet meadow FACU Sawyer and Keeler-Wolf
1995, Guard 1995

Aster alpigenus Alpine aster wet meadow Sawyer and Keeler-Wolf
1995

Calamagrostis breweri Shorthair reedgrass wet meadow Sawyer and Keeler-Wolf
1995

Calamagrostis nutkaensis Pacific reedgrass wet meadow Sawyer and Keeler-Wolf
1995

Cardamine breweri Brewer bitter-cress wet meadow Sawyer and Keeler-Wolf

1995
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Carex

Carex

Carex

Danthonia
Deschampsia
Dodecatheon
Erigonum
Festuca

Festuca

Holcus

Juncus

Kalmia

Penstemon

filifolia

nigricans

subnigricans

californica
cespitosa
jeffreyi

spp.
arundinacea

rubra

lanatus

mertensianus

ploifolia

heterodoxus

Shorthair sedge

Blackish sedge

Mount Dana sedge

California oatgrass
Tufted hairgrass
Jeffrey shooting star
Buckwheats

Alta grass

Red fescus

Velvet grass

Merten rush

Alpine-laurel

Heretic penstemon

wet meadow

wet meadow

wet meadow

wet meadow

wet meadow

wet meadow

wet meadow

wet meadow

wet meadow

wet meadow

wet meadow

wet meadow

wet meadow

pH, dissolved solutes,
hydroperiod

hydroperiod

hydroperiod

FACU

FACW

FAC-

salt tolerant, FAC+

FAC

hydroperiod

Sawyer and Keeler-Wolf
1995, Siegel 1988, Heise
and Merenlender 1999

Sawyer and Keeler-Wolf
1995, Heise and
Merenlender 1999

Sawyer and Keeler-Wolf
1995, Heise and
Merenlender 1999

Sawyer and Keeler-Wolf
1995, Guard 1995

Sawyer and Keeler-Wolf
1995, Guard 1995

Sawyer and Keeler-Wolf
1995

Sawyer and Keeler-Wolf
1995

Sawyer and Keeler-Wolf
1995, Guard 1995

Sawyer and Keeler-Wolf
1995, Tiner 1999, Guard
1995

Sawyer and Keeler-Wolf
1995, Guard 1995

Sawyer and Keeler-Wolf
1995, Heise and
Merenlender 1999

Sawyer and Keeler-Wolf
1995

Sawyer and Keeler-Wolf
1995

Pacific Analytics, LLC 101



) 0,.0.0,0.0.0:0:0.0.0.0.0.0.0.0,0.0.6.0.0.0:0.0:0.0.0.0.0.0.0.0,0,6.6.0.60.00000.0.0.0.0,.0.0.0,606060000000.0.0.0.0.0004
Monitoring Special Aquatic Habitats

VI. Recommendations
) 020,00 00000 000000000000000000000000000000000000000000000000000000 000 ¢

Phyllodoce breweri Brewer heather wet meadow Sawyer and Keeler-Wolf
1995

Phyllodoce empetriformis Cascade heather wet meadow Sawyer and Keeler-Wolf
1995

Phyllodoce spp. Mountian heather wet meadow Sawyer and Keeler-Wolf
1995

Potentilla breweri Brewer cinquefoil wet meadow stable environment Sawyer and Keeler-Wolf
1995, Marcot 1990

Potentilla drummondii Drummond cinquefoil wet meadow stable environment Sawyer and Keeler-Wolf
1995, Marcot 1990

Potentilla spp. Cinquefoils wet meadow Sawyer and Keeler-Wolf
1995

Primula suffrutescens Sierra primrose wet meadow Sawyer and Keeler-Wolf
1995

Senecio scorzonella Coville ragwort wet meadow Sawyer and Keeler-Wolf
1995

Sibbaldia procumbens Subbaldia wet meadow Sawyer and Keeler-Wolf
1995

Solidago multiradiata Northern goldenrod wet meadow Sawyer and Keeler-Wolf
1995

Trisetum spicatum Spike trisetum wet meadow Sawyer and Keeler-Wolf
1995

Vaccinium caespitosum Bilberry wet meadow FACU Sawyer and Keeler-Wolf
1995, Guard 1995

Eleocharis palustris creeping spikerush wet meadow, seep,  OBL, hydroperiod Tiner 1999, Guard 1995,

vernal marsh

Heise and Merenlender
1999
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Faunal Attributes

Invertebrates are the most numerous and diverse organisms that occur in wetland
habitats, both in number of gpecies and in numbers of individuas, and make up the vast
mgority of aguatic species in the Sera Nevada. Ther diverse functions as herbivores,
predators, omnivores, pollinators, and detritivores make them key components of
virtudly dl food webs Thus it is important to include information about invertebrate
species in aguatic habitat management decisons.

Recommendation VI1-4.3.13: We recommend that the Forest Service monitor the
presence/absence of invertebrate species known to occur in ponds of the Sierra
Nevada.

We recommend that invertebrate species be included in the Forest Service monitoring
program of pond habitats. We have assembled a ligt of invertebrates known to occur in
soring and seep habitats in the Sierra Nevada (Table VI-4.3.2). The ligt is probably
incomplete, but subgstantidly represents information avalable from modern literature.
The datus of biologicd integrity is measured by the presence and abundance of these
components. Monitoring these invertebrate species will provide the Forest Service with
good information about the integrity and quality of the pond habitats.

Recommendation VI-4.2.14: We recommend that the Forest Service monitor all
invertebrate species that are listed by the U.S. Fish and Wildlife as Threatened or
Endangered, all proposed and candidate species, and all invertebrates listed by the
California Department of Fish and Game asrare, threatened, or endangered.

These species are of particular interest and information about changes in therr abundance
and digribution may be potentidly useful in managing them and ther specid habitats.
Measuring the populations of these invertebrates provides information about the
effectiveness of management sysems. Only one of the invertebrates, the amphipod

Pacific Analytics, LLC 103



) 0,.0.0.0.0.0.0.0,0,.0.0.0,0.0.0.0.0.0.0.0.0.06.0.0.0.0.00.0.0.000.0.6000000060(
Monitoring Special Aquatic Habitats

VI. Recommendations
) 0,000 0000000000000 0000000000000000000000000004

Eogammarus confervicolus, In Table VI-4.32 fal into these categories. Forest Service
personnel should be aert for other speciesthat attain this satus.

Recommendation VI-4.3.15. We recommend that the Forest Service monitor
nonindigenous invertebr ate species.

Many exotic species of arthropods have been introduced into wetland habitats. These
species may displace or extirpate important native species. Exotic species have the
potentid to disrupt natura systems and their presence is often consdered a measure of
the condition of the habitat (Danks and Williams 1991). Monitoring of exotic species,
primarily fish is criticd to the integrity of pond habitats. These vertebrates have a
predominant influence on the dructure and integrity of aguatic habitats (Carpenter et d.
1985, Power 1990, Moyle and Ellison 1991, Knapp and Matthews 2000) and some nor+
indigenous species may out-compete native fauna For example, introductions of trout
into naturdly fishless lakes, or ponds connected to stream networks appears to have
negative effects on populaion sze of the mountan ydlow-legged frog (Knapp et 4.
2000). Lawler e a. (1999) documented adverse effects of introduced mosquitofish and
bullfrog tadpoles on red-legged frog tadpoles. We recommend that the Forest Service

monitor non-indigenous Species.

Note: Only a few dudies have been published with information about pond-dweling
invertebrates in the Sierra Nevada (Erman 1989, Batzer & Resh 1992). Thereis alack of
basdine inventory data, and no sudies of the reationships between invertebrates of
ponds in the Sierra Nevada and ecologica condition or conservation datus. There is a
need for area-wide inventory and monitoring of pond-dweling invertebrates to obtain
more information on species with respect to potentid physologicd and ecologicd
adjustments and relationships with other organisms.
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Table VI4.3.2. Invertebrates Associated with Pond Habitats in the Sierra Nevada. A list of invertebrate species
associated with pond habitats, the habitats in which they occur, the attribute they may be an indicator for, and references
for information provided. The list contains invertebrate species that appear in the modern literature.

family genus species habitat indicates reference
Coleoptera

Hydrophilidae Berosus ingeminatus ponds plant cover Batzer & Resh 1992
Diptera

Syrphidae Eristalis tenax ponds Batzer & Resh 1992
Ephydridae Ephydra millbrae ponds plant cover Batzer & Resh 1992
Culicidae Culex tarsalis ponds plant cover Batzer & Resh 1992
Chrinomidae Cricotopus sylvestris ponds plant cover Batzer & Resh 1992
Chrinomidae Chironomus stigmaterus ponds water depth Batzer & Resh 1992
Heteroptera

Corixidae Trichocorixa verticalis ponds plant cover Batzer & Resh 1992
Trichoptera

Limnephilidae Hesperophylax designatus springs, ponds Erman 1989
Limnephilidae Lenarchus rilus springs, ponds Erman 1989
Limnephilidae Limnephilus externus ponds Erman 1989
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Branchiopoda
Amphipoda Eogammarus confervicolus ponds Batzer & Resh 1992
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VI1-4.4. Vernal Pools
VI1-4.4.1. Mapping and I nventory

Recommendation VI-44.1: We recommend that Forest Service monitoring of
vernal pools begin with mapping the locations of vernal pool habitats within the
management ar ea.

Mapping may involve remote sensing such as sadlite or aerid photographs, or ground
searching in locdities where these habitats are likely to occur. Identifying the locations of
the individud <springs and seeps will fadlitste monitoring desgn  planning, help
determine adequate sample size, and dlow for randomizations and other sampling
section criteria 1t will dso hep the Forest Service determine the extent of these
habitats over the landscape. The maps aso provide a base layer for a GIS, upon which al
other information will be organized. Severd authorities have recommended mapping and
usng a GIS base layer for management of verndl pools (King et a.. 1996, Keder-Wolf et
al. 1998,

Recommendation VI-4.4.2: We recommend that the Forest Service mapping
include measurements at each site of the elevation, topographic position (sope and
aspect), substrate type, the size (historic extent of inundation) and shape of the
habitat, significant landmarks (e.g., large trees, boulders, buildings, €tc.).

Information about these important attributes may help to explain variation of the biota in
these habitats. Topographic position and geographic location influences vernd pool
crustacean and plant assemblages in the Sera Nevada, and (Cox and Augtin 1990, King
et a. 1996, Bliss and Zedler 1998, Keder-Wolf et a 1998, Graham 2001). There can be
large variation between dtes and measurements of these basc mapping atributes may
explan much of that variation, making inferences on the effects of other atributes more
powerful and efficient.

Other mapping attributes such as adjacent vegetation can be important to the biota in
vernd pools. Heise and Merenlender (1999) found that shade from adjacent vegetation
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can influence the digribution and abundance of verna pool vegetation. They found thet
31 gpecies of perennid wetland plants did not occur in heavily shaded vernd pools (see
Table 3 Helse and Merenlender 1999). Other found that changes in upland vegetation can
reduce the viability of vernd pools and their biota (Keder-Wolf et d. 1998). They
concluded that degradation or destruction of upland habitat can change the hydrology,
reduce breeding gte avaldability, and limit watefowl vigts that disperse vernd pool
plants and invertebrates.

Crustacean assemblage dructure varies with devation (King et a. 1996). Although the
exact digribution was not discussed in the aticle, the authors report that existing
geographic, geologic, and floridic-based habitat attributes account for much of the
variation in vernd pool crustacean assemblages in the Serra Nevada. For the reasons
discussed above, we recommend that adjacent and nearby vegetation and other Ste
attributes be monitored.

Recommendation VI1-4.4.3: We recommend that the Forest Service photograph the
sitesupon thefirst and subsequent visits.

Photographs provide information about the location of mgor landmarks or festures of
morphology or orientation, vegetation zones, buildings, etc (Barbour et d. 1999). This
information will be usgful to those people evduaing and interpreting the monitoring

information and can be a good reference record of environmenta change.

VI1-4.2.2 Basic Explanatory Variables (Condition)

Ecosysems ae produced by multiple environmenta factors acting smultaneoudy
(Keddy 2000). These “conditions’ explain some part of the variation in biotic populations
over time, and therefore should be measured. Corrdations between changes in
environmental factors and changes in biotic populations of interet need to be
investigated, and analyzed, to be undersood. Knowledge of the nature of these
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relationships will dlow andyses to be “adjusted” for environmentd factors, filtering out
“noise’, 0 that the impacts from management and disturbance can be digtinguished from
the naturd variability exhibited by the parameters.

Recommendation VI-4.4.4:. We recommend that the Forest Service monitor basic
environmental factors such as average and minimum/maximum temperatures,
rainfall, and humidity.

Biologists have documented the effects of these environmentd factors on plants and
animads, and ther ability to cause great variaion in biologicad assemblages. It is agangt
these basc explanatory varidbles that dl other influences will be measured. Low-cost
weather dations have made the collection of this kind of information essy and affordable.
Data recorders can be used to store wesather and climate information for download at

convenient intervas.

These dtributes often impact verna pool plants and animds. For example, timing of first
inundation can determine which crustaceans will hatch and develop (King et d. 1996).
Graham (2001) reports that climatic varigbility causes tempord and spatid variation in
branchiopod populations. They hypothesized tha the qudity of vernd pool branchiopod
habitat is strongly tied to precipitation timing and quantity. Bliss and Zedler (1998) found
that changes in timing and amount of rainfal can lead to strong year-to-year differences
in the compostion of verna pool plant assemblages, and Purer (1939) found that as
ranfal increases, the flowering of vernd pool plants dso increases. Other scientists that
have studied vernd pools in the Serra Nevada dso recommend monitoring of climate to
establish basic relationships between attributes and biota (Keder-Wolf et al. 1998). We
recommend that these kinds of attributes be measured in vernd pool monitoring in the
SerraNevada.
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Recommendation VI-445. We recommend that the Forest service monitor
hydrologicgl factors. water depth, area or extent, and timing of inundation, and
water persistence.

Evdudtion of habitat qudity is essentid in any assessment of ecologica condition, and
should be peformed & each dte a the time of biologicd sampling. An important
physica attribute that reflects condition is hydrology. Hydrology accounts for more than
50% of the variaton found in aguatic plant and anima populaions (Keddy 2000).
Hydrologicd factors include water depth, area or extent and timing of inundation, and
water perssence, and water discharge rate. All are important factors that influence biotic
assemblages found in specid aguatic habitats, and we recommend they be measured.

For example, verna pool crustacean assemblages in the Sierra Nevada are strongly
related to habitat hydroperiod (King et a. 1996). At least nine crustaceans were found
only in shdlow vernd pools with short hydroperiods (King et d. 1996, page 92). Others
are found only in pools with longer hydroperiods, apparently because the periods
accommodate differences in hatch timing and longer developmentd rates.

Vegetation can dso be influenced by hydroperiod. The length of hydroperiod is
important to germination of vernd pool plants (Bliss and Zedler 1998). Vernd pool
oecidists such as Lilaea and Pilularia were absent from “never” inundated pools, and
Myosurus, germinated only in pools adways inundated. Hydroperiod may aso impact
invasve norrindigenous species (Barry 1995). After sudying vernd pools in the Sera
Nevada, Keder-Wolf e d. (1998) found that the viability of verna pool plant habitat can
be impared by changes in hydroperiod. Bary (1995) found that as hydroperiod
decreased, populations of weedy plants increased. Heise and Merenlender (1999) found
amilar results. They report that longer hydroperiods lead to increases in native taxa
Black et d. (1997) dso found an increase in the number of verna pool species present
with longer hydroperiods.
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While pool depth is strongly corrdated with log surface area, pool volume, and
hydroperiod, researchers recommend measuring both depth and hydroperiod in vernd
pool sudies (King et d. 1996). Because these measurements are relatively essy and
inexpensve to measure, and because they can explan much varidion in plant and animd

assemblages, we aso recommend measuring these attributes.

Recommendation VI1-4.4.6: We recommend that the Forest Service monitor water
temperature, dissolved oxygen, pH, and TDS.

Water qudity and chemigtry are other important factors influencing habitat condition and
dructure of biotic assemblages, and account for about 35% of the variation found in
flora and fauna populations (Keddy 2000). Indicators of water quality are temperature,
dissolved oxygen, turbidity, pH, conductivity, hadness and dkdinity, <dinity,
orthophosphate, nitrate, and minera concentrations (eg., Cdcium and Magnesum per
liter).

Water temperature is one of those abiotic attributes that should be considered a basic
explanatory variable againgt which the influence of other atributes can be measured.
Water temperature influences the species of plants that appear in vernd pools. Higher
temperatures can lead to an increase in nonrindigenous plants (Bliss and Zedler 1998).
Temperature also impacts branchiopod species. Water temperature controls when species
hatch and which will continue to develop (Graham 2001). Species such as the endangered
fary dhrimp, Branchinecta conservatio is found only in vend pools with lower
temperatures that change dowly throughout the season, while B. lynchi, another
endangered fairy shrimp, gppears to develop only in warmer, more ephemerd vernd
pools (Graham 2001).

Besdes temperature, the measurement of conductivity, dissolved oxygen, pH, and

turbidity is standard to many aguatic sudies and dlows some comparison among Stes
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(Barbour et d. 1999). The measurement of these attributes is reaively smple and
dandardized kits are avalable Water chemistry (TDS) is hypotheszed to be an
important factor in the digribution of vernd pool plants and animds (Gdlagher 1996,
King e d. 1996). Researchers found that crustacean assemblage Structure varied with
physcd and chemicd aspects of vernad pool habitats. TDS is dsrongly corrdlated with
other water qudity atributes such as dkainity and conductivity and may be a good
surrogete variable for these attributes (King et a. 1996).

Recommendation VI-44.7. We recommend that the Forest Service monitor
fr_e_quency, intensity and extent of disturbances such as fire, grazing, mining, and
visitors.

Disturbance can account for up to 20% of the variation in biotic populations (Keddy
2000). We recommend that attributes (frequency, intendty and extent) of disturbances
such as grazing, fire, mining, and vidtors be measured. Also, catle and off-road vehicles
trample vegetation, browse surrounding vegetaion, exacerbate eroson and gullying,
therdby diminaing potentid neding habitet. Mining activities may dso change eroson
patterns and the chemica compostion of ground water. Fire can change the structure of
the forests surrounding vernd pool habitats, and may potentialy influence the conditions
in these gpecid aguatic habitat.

In dudies of vernd pools in San Diego County, Cdifornia, non-indigenous species
responded to burning intensty (Cox and Austin 1990). Populations of weedy species
often increase in burned plots, and athough most native species may not have been
negativdly impacted by the burning, some populations declined, including those of
Anagallis minimus, Dowingia cuspidate Pogogyne abramsii, and Psilocarphus
brevissimus.

In sudies of vernd pool habitats in North Sacramento Vdley, grazing intengty was a
mgjor factor in native species decline (Barry 1995). Light grazing was found to reduce
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exotic species and encourage native species, while heavy grazing intendty reduced dl
vegetation. In the Mayacmas Mountains of southesstern Mendocino County, Cdifornia,
no native plants were found in areas subjected to heavy sheep grazing, but those stes
protected from grazing had hedth bands of native plants surrounding vernd pools (Heise
and Merenlender 1999). Keder-Wolf et d. (1998) call heavy grazing one of the geatest
threats to vernd pool habitats. They found light grazing increesed native Sspecies, by
diminating non-indigenous species, but that heavy grazing destroyed dl vegetation.

Recommendation VI1-44.8: We recommend that the Forest Service monitor
physical attributes using remote sensing techniques wherever practical to avoid
unnecessary disturbance by monitoring personndl.

Frequent vidts by monitoring personne can inadvertently change the conditions at
sampling Stes. Monitors open trals that fecilitate access by other vistors who are not
aware of the sendgtive nature of spring and seep habitats. Trampling and compaction is

difficult to avoid and even the most knowledgeable visitor can disturb senstive habitats.

V1-4.4.3. Biotic Attributes (I ntegrity)

Floral Attributes

Pants are important components of al ecosysems, firsd because they are the primary
producers, making energy from the sun readably avalable to animads and other plants,
and second because they can amdiorate conditions so they are more favorable to other
biota. We recommend that as many flora attributes be measured that are practicd and fit
within the monitoring budget. Biologica integrity is the presence and aundance of these
components and the only way to measure integrity is to measure these components.
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Recommendation VI1-4.4.9: We recommend that the Forest Service monitor the
presence/absence of plant species known to occur in vernal pools of the Sierra
Nevada.

Little informetion is available about the plants that occur in springs and seeps in the
Sera Nevada In a recent publication about Caifornia vegetation, Sawyer and Keder-
Wolf (1995) offer only sparse information about the plants that occur in spring and seep
habitats. We have assembled a list of plants and their associated habitats (Table VI-4.4.1)
from avalable literature. The lig is probably incomplete, and generd inventories of
Soring and seep vegetation would expand the list.

Recommendation VI1-4.4.10: We recommend that the Forest Service monitor all
plant species that are lised by the U.S. Fish and Wildlife as Threatened or
Endangered, all proposed and candidate species, and all plants lised by the
California Department of Fish and Game asrare, threatened, or endangered.

These plant species are of paticular interet and information about changes in their
abundance and didribution may be potentidly useful in managing them and ther specid
habitats. Measuring the populations of these plants provides information about the
effectiveness of manegement sysems. Nineteen federaly lised plants appear in Table
VI-4.4.1, and many more have candidate of specia Cdifornia threatened and endangered
datus. Forest Service personnd should be dert for other species that attain this status as

wadl.

Recommendation VI-4211: We recommend that the Forest Service monitor
populations of nonindigenous plant species.

Invasve, norrindigenous plants are a mgor concern. They can displace native species
and overwhelm a habitat in a short period of time. Establishment of exotic species usudly
implies that habitats have been disturbed or are not hedthy (Fiedler and Leidy 1987). We
recommend that the Forest Service include norrindigenous species as pat of ther

monitoring program.
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Barry (1995) found that exotic annuals are capable of reproducing seed, even under the
most adverse disturbance and consequently present a formidable obstacle to re
establishment of native plants (Menke 1992).

Recommendation VI-4.4.12: We recommend that the Forest Service monitor other
indicator plant populations as budgets per mit.

Some plant indicator species react to habitat conditions. Table VI-4.4.1 includes a
column “Indicates’. This column contains information from modern literature regarding
potentid conditions represented by the presence of these species. Acronyms are based on
the National List of Plant Species that occur in Wetlands. Cdifornia (Region 0) (Reed
1988).
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Table VI4.4.1. Plants Associated with Sierra Nevada Vernal Pool Habitats. A list of plant species associated with vernal
pool habitats, their common names, the attribute they may be an indicator for, and references for information provided.
The list contains plant species that appear in the modern literature. Red = Federal Threatened or Endangered, Purple =
Federal proposed or candidate species, Green = CA Rare or Threatened.

genus species common name habitat indicates reference

Agrostis hendersonii Henderson bentgrass vernal pool claypan pool Sawyer and Keeler-Wolf
1995

Artemesia cana Silver sagebrush vernal pool basalt flow pool Sawyer and Keeler-Wolf
1995

Astragalus tener Alkali milkvetch vernal pool basalt flow pool, claypan pools Sawyer and Keeler-Wolf
1995

Atriplex vallicola Lost Hills crownscale vernal pool claypan pool Sawyer and Keeler-Wolf
1995

Blennosperma nana Dwarf blennosperma vernal pool claypan pool, volanic mudflow  Sawyer and Keeler-Wolf

pools 1995

Castilleja campestris Succulent owl's-clover  vernal pool claypan pool Sawyer and Keeler-Wolf
1995

Chamaesyce hooveri Hoover spurge vernal pool claypan pool Barry 1995, Sawyer and
Keeler-Wolf 1995

Crassula aquatica Water pygmy vernal pool volcanic mudflow pools, OBL, Sawyer and Keeler-Wolf

temperature 1995, Guard 1995, Bliss

and Zedler 1998

Distichus spicata Saltgrass vernal pool claypan pool Sawyer and Keeler-Wolf
1995

Dowingia bacigalupii Bacigalupi dowingia vernal pool basalt flow pool Sawyer and Keeler-Wolf
1995

Dowingia bicornuta Two-crowned dowingia  vernal pool volcanic mudflow pools Sawyer and Keeler-Wolf

1995
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Dowingia pusilla Dwarf dowingia vernal pool basalt flow pool, claypan pools, Sawyer and Keeler-Wolf
volcanic mudflow pools 1995
Eryngium aristulatum Hoover button-celery vernal pool claypan pool, hydroperiod Sawyer and Keeler-Wolf
1995, Black et al. 1997
Eryngium castrense Coyote-thistle vernal pool claypan pool Sawyer and Keeler-Wolf
1995
Eryngium constancei Loch Lomond button- vernal pool basalt flow pool Sawyer and Keeler-Wolf
celery 1995
Eryngium mathiasiae Mathias button-celery  vernal pool basalt flow pool Sawyer and Keeler-Wolf
1995
Eryngium spinosepalum Spiny-sepaled button-  vernal pool claypan pool Sawyer and Keeler-Wolf
celery 1995
Frankenia salina Alkali heath vernal pool claypan pool Sawyer and Keeler-Wolf
1995
Fritillaria liliacea Fragrant fritillary vernal pool claypan pool Sawyer and Keeler-Wolf
1995
Gratiola heterosepala Boggs Lake hedge- vernal pool basalt flow pool, claypan pools, Sawyer and Keeler-Wolf
hyssop volcanic mudflow pools 1995
Hordeum intercedens Vernal barley vernal pool claypan pool Sawyer and Keeler-Wolf
1995
Horkelia bolanderi Bolander horkelia vernal pool basalt flow pool Sawyer and Keeler-Wolf
1995
Ivesia aperta Sierra Valley Ivesia vernal pool Keeler-Wolf et al. 1998
Ivesia sericoleuca Plumas Ivesia vernal pool Keeler-Wolf et al. 1998
Juncus leiospermus Ahart dwarf rush vernal pool basalt flow pool, claypan pools, Sawyer and Keeler-Wolf
volcanic mudflow pools, 1995, Heise and
hydroperiod Merenlender 1999
Juncus leiospermus Red Bluff dwarf rush vernal pool basalt flow pool, claypan pools, Sawyer and Keeler-Wolf

volcanic mudflow pools,
hydroperiod

1995, Heise and
Merenlender 1999
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Lasthenia burkei Burke goldfields vernal pool basalt flow pool Sawyer and Keeler-Wolf
1995

Lasthenia californica California goldfields vernal pool claypan pool, volanic mudflow  Sawyer and Keeler-Wolf
pools 1995

Lasthenia conjugens Contra Costa goldfields vernal pool basalt flow pool, claypan pools Sawyer and Keeler-Wolf
1995

Lasthenia fremontii Fremont goldfields vernal pool claypan pool Sawyer and Keeler-Wolf
1995

Lasthenia glabrata Coulter goldfields vernal pool claypan pool Sawyer and Keeler-Wolf
1995

Layia fremontia Fremont tidytips vernal pool claypan pool Sawyer and Keeler-Wolf
1995

Legenere limosa Legenere vernal pool basalt flow pool, claypan pools, Sawyer and Keeler-Wolf
volcanic mudflow pools 1995

Limnanthes floccosa Butte County vernal pool basalt flow pool Sawyer and Keeler-Wolf
meadowfoam 1995

Limnanthes vinculans Sebastopol vernal pool basalt flow pool Sawyer and Keeler-Wolf
meadowfoam 1995

Mersilea oligosperma Nelson pepperwort vernal pool claypan pool Sawyer and Keeler-Wolf
1995

Mimulus pygmaeus Egg Lake monkeyflower vernal pool basalt flow pool, volcanic Sawyer and Keeler-Wolf
mudflow pools 1995

Myosurus minimus Little mousetail vernal pool claypan pool Sawyer and Keeler-Wolf
1995

Navarretia leucocephala Baker navarretia vernal pool basalt flow pool Sawyer and Keeler-Wolf
1995

Navarretia leucocephala Few-flowered navarretia vernal pool basalt flow pool Sawyer and Keeler-Wolf
1995

Navarretia leucocephala Whiteflower navarretia  vernal pool volcanic mudflow pools Sawyer and Keeler-Wolf

1995
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Navarretia meyersi Pincushion navarrietia  vernal pool basalt flow pool, claypan pools, Sawyer and Keeler-Wolf
volcanic mudflow pools 1995

Navarretia nigelliformis Shinning navarretia vernal pool claypan pool Sawyer and Keeler-Wolf
1995

Neostapfia colusana Colusa grass vernal pool claypan pool Sawyer and Keeler-Wolf
1995

Orculttia inaequalis San Joaquin Valley vernal pool claypan pool Sawyer and Keeler-Wolf
Orcutt grass 1995

Orcuttia pilosa Hairy Orcutt grass vernal pool basalt flow pool, claypan pools Barry 1995, Sawyer and

Keeler-Wolf 1995

Orcuttia tenuis Slender Orcutt grass vernal pool basalt flow pool, claypan pools, Sawyer and Keeler-Wolf
volcanic mudflow pools 1995

Orcuttia viscida Sacramento Orcutt vernal pool claypan pool, volanic mudflow  Sawyer and Keeler-Wolf
grass pools 1995

Paronychia ahartii Ahart paranychia vernal pool basalt flow pool Sawyer and Keeler-Wolf
1995

Parvisedum leiocarpum Lake County stonecrop vernal pool basalt flow pool Sawyer and Keeler-Wolf
1995

Phacelia inundata Playa Phacelia vernal pool Keeler-Wolf et al.. 1998

Plagiobothrys hystriculus Bearded popcorn flower vernal pool claypan pool Sawyer and Keeler-Wolf
1995

Plagiobothrys strictus Calistoga popcorn vernal pool basalt flow pool Sawyer and Keeler-Wolf
flower 1995

Pogogyne douglasii Douglas pogogyne vernal pool basalt flow pool Sawyer and Keeler-Wolf
1995

Pogogyne floribunda Profuse-flowered vernal pool basalt flow pool, volcanic Sawyer and Keeler-Wolf
pogogyne mudflow pools 1995

Polygonum polygaloides Modoc County vernal pool basalt flow pool, volcanic Sawyer and Keeler-Wolf
knotweed mudflow pools 1995
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Psilocarphus brevissimus
Sagittaria sanfordii
Tuctoria greenei
Tuctoria mucronata
Eleocharis palustris

Round woollyheads

Sanford arrowhead
Greene’s tuctoria
Crampton tuctoria

creeping spikerush

vernal pool

vernal pool
vernal pool
vernal pool

wet meadow, seep,
vernal marsh

volcanic mudflow pools, fire
intensity

claypan pool, volanic mudflow
pools
basalt flow pool, claypan pools

claypan pool

OBL, hydroperiod

Sawyer and Keeler-Wolf
1995, Cox and Austin
1990

Sawyer and Keeler-Wolf
1995

Barry 1995, Sawyer and
Keeler-Wolf 1995

Sawyer and Keeler-Wolf
1995

Tiner 1999, Guard 1995,
Heise and Merenlender
1999
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Faunal Attributes

Invertebrates ae the most numerous and diverse organisms that occur in wetland
habitats, both in number of gpecies and in numbers of individuas, and make up the vast
magjority of aguatic species in the Sierra Nevada. Ther diverse functions as herbivores,
predators, omnivores, pollinators, and detritivores make them key components of
virtudly dl food webs Thus it is important to include information about invertebrate
species in aguatic habitat management decisons.

Recommendation VI1-4.4.13: We recommend that the Forest Service monitor the
presence/absence of invertebrate species known to occur in vernal pools of the
Sierra Nevada.

We recommend that invertebrate species be included in the Forest Service monitoring
program of vernad pool habitats. We have assembled a ligt of invertebrates known to
occur in vernal pool habitats in the Serra Nevada (Table VI-4.4.2). The list is probably
incomplete, but subgtantialy represents informetion available from modern literature.
The datus of biologicd integrity is measured by the presence and abundance of these
components. Monitoring these invertebrate species will provide the Forest Service with
the best information about the integrity and qudity of the vernd pool habitats.

Recommendation VI-4.4.14: We recommend that the Forest Service monitor all
invertebrate species that are listed by the U.S. Fish and Wildlife as Threatened or
Endangered, all proposed and candidate species, and all invertebrates listed by the
California Department of Fish and Game asrare, threatened, or endangered.

These species are of particular interest and information about changes in their abundance
and didgribution may be potentidly useful in managing them and their specid habitats.
Measuring the populations of these invertebrates provides information about the
effectiveness of management sysems. At least Sx species in Table VI-4.4.2 fdl into
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these categories, and, Forest Service personnel should be dert for other species that attain
this satus.

Recommendation VI-4.4.15. We recommend that the Forest Service monitor
nonindigenous invertebr ate species.

Many exotic species of arthropods have been introduced into wetland habitats. These
species may displace or extirpate important native species. We recommend that the
Forest Service monitor norrindigenous species. Exotic species have the potentid to
disupt natura systems and their presence is often considered a measure of the condition
of the habitat.

Non-indigenous bees can disrupt native pollinators of vernd pool plants (Leong and
Thorp 1999), and nortindigenous predators can have a mgor influence on the population
dynamics and community structure of vernd pool crustaceans (Murdoch and Oaten 1975,
Zaret 1980, Taylor 1984, Kerfoot and Sih 1987, Sih et al. 1985, King et a. 1996).

Recommendation VI1-4.4.16: We recommend that the Forest Service monitor other
indicator invertebrate populations as research uncovers valid relationships, and as
budgets permit.

Invertebrates have been shown to be very useful as indicators of the status of aquatic
habitats. Relationships between the presence/dbsence, or abundance of invertebrate
species and habitat conditions have been well-studied for wadesble streams and rivers
(Barbour et ad. 1999), and for other wetland habitats (see Batzer et d. 1999), however,
few gudies have focused on invertebrates of verna pool habitats in the Serra Nevada
Information about invertebrate indicator species is preliminary and needs to be developed
further. This is a useful god for Forest Service research and while some information may
be collected during monitoring, cause-and-effect reationships can only be dudied in
controlled experiments.
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Only a few dudies have been published with information about vernad pool invertebrates
in the Sierra Nevada (Galagher 1996, King et a. 1996, Leong and Thorp 1999, and
others). There is a lack of basdine inventory data, and few of these sudies had
information about the reationships between invertebrates of vernd pools in the Sera
Nevada and ecologicad condition or conservation satus. There is a need for area-wide
inventory and monitoring of vernd pool invertebraies to obtan more information on
species  with respect to potentiadl physiologicd and ecologicd adjusments and
relationships with other organisms (King et a. 1996, Graham 2001).
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Table VI4.4.2. Invertebrates Associated with Vernal Pool Habitats in the Sierra Nevada. A list of invertebrate species
associated with vernal pool habitats, the habitats in which they occur, the attribute they may be an indicator for, and
references for information provided. The list contains invertebrate species that appear in the modern literature. Red =
Federal Threatened or Endangered, Purple = Federal proposed or candidate species, Green = CA Rare or Threatened.

family genus species habitat indicates reference
Hymenoptera
Andrenidae Andrena limnanthis vernal pools Limnanthes douglasii rosea Leong & Thorp 1999
(Limnanthaceae) associate or
pollinator
Andrenidae Andrena blennospermatis vernal pools Blennosperma (Asteraceae) Leong & Thorp 1999

associate or pollinator

Andrenidae Andrena cuneilabris vernal pools Ranunculus (Ranunuculaceae) Leong & Thorp 1999
associate or pollinator

Andrenidae Andrena subchalybea vernal pools Ligulate Asteraceae associate Leong & Thorp 1999
or pollinator
Andrenidae Andrena submoesta vernal pools Lasthenia (Asteraceae) Leong & Thorp 1999

associate or pollinator

Andrenidae Andrena cymatilis vernal pools Leong & Thorp 1999

Andrenidae Andrena microchlora vernal pools Leong & Thorp 1999
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Andrenidae Andrena plana vernal pools Trifolium (Fabaceae) associate Leong & Thorp 1999
or pollinator
Andrenidae Andrena angustitarsata vernal pools Leong & Thorp 1999
Andrenidae Andrena orthocarpi vernal pools Leong & Thorp 1999
Andrenidae Andrena layiae vernal pools Leong & Thorp 1999
Apidae Apis mellifera vernal pools Leong & Thorp 1999
Apidae Bombus californicus vernal pools Leong & Thorp 1999
Apidae Bombus occidentalis vernal pools Leong & Thorp 1999
Apidae Bombus vosnesenskii vernal pools Leong & Thorp 1999
Hylictidae Halictus tripartitus vernal pools Leong & Thorp 1999
Hylictidae Lasioglossum spp. vernal pools Leong & Thorp 1999
Hylictidae Sphecodes spp. vernal pools Leong & Thorp 1999
Megachilidae Osmia spp. vernal pools Leong & Thorp 1999
Anthophoridae Nomada spp. vernal pools Leong & Thorp 1999
Anthophoridae Synhalonia spp. vernal pools Leong & Thorp 1999

Branchiopoda
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Anostraca

Anostraca
Anostraca
Anostraca
Anostraca

Anostraca

Notostraca

Spinicaudata
Laevicaudata
Cladocera
Cladocera
Cladocera
Cladocera

Cladocera

Branchinecta

Branchinecta
Branchinecta
Branchinecta
Branchinecta

Linderiella

Lepidurus

Cyzicus
Lynceus
Alona

Alona

Alona
Camptocercus

Ceridaphnia
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lynchi

conservatio
mesovalliensis
coloradensis
dissimilis

occidentalis

packardi

californicus
brachyurus
davidi
setulosa
spp.

spp.

reticulata

V1.

vernal pools

vernal pools
vernal pools
vernal pools
vernal pools

vernal pools

vernal pools

vernal pools
vernal pools
vernal pools
vernal pools
vernal pools
vernal pools
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pool depth, hydroperiod

pool depth, hydroperiod

pool depth, hydroperiod

Gallagher 1996, King et
al. 1996

King et al. 1996
Keeler-Wolf et al. 1998
Keeler-Wolf et al. 1998
King et al. 1996

Gallagher 1996, King et
al. 1996

Gallagher 1996, King et
al. 1996

King et al. 1996
King et al. 1996
King et al. 1996
King et al. 1996
King et al. 1996
King et al. 1996

King et al. 1996
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Cladocera Chydorus sphaericus vernal pools King et al. 1996
Cladocera Daphnia middendorffiana vernal pools King et al. 1996
Cladocera Daphnia pulex vernal pools King et al. 1996
Cladocera Diaphanosoma birgei vernal pools King et al. 1996
Cladocera Dunhevedia crassa vernal pools King et al. 1996
Cladocera Leydigia leydigi vernal pools King et al. 1996
Cladocera Macrothrix hirsuticornis vernal pools King et al. 1996
Cladocera Moina micrura vernal pools King et al. 1996
Cladocera Pleuroxus aduncus vernal pools King et al. 1996
Cladocera Pleuroxus spp. vernal pools King et al. 1996
Cladocera Simocephalus spp. vernal pools King et al. 1996
Cladocera Simocephalus vetulus vernal pools King et al. 1996
Copepoda Acanthocyclops  carolinianus vernal pools King et al. 1996
Copepoda Acanthocyclops  vernalis vernal pools King et al. 1996
Copepoda Aglaodiaptomus  forbesi vernal pools King et al. 1996
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Copepoda Attheyella sp. vernal pools King et al. 1996
Copepoda Bryocamptus washingtonensis vernal pools King et al. 1996
Copepoda Canthocamptus robertcokeri vernal pools King et al. 1996
Copepoda Canthocamptus sp. vernal pools King et al. 1996
Copepoda Diacyclops crassicaudis var. vernal pools King et al. 1996
brachycercus
Copepoda Diacyclops navus vernal pools King et al. 1996
Copepoda Diacyclops sp. vernal pools King et al. 1996
Copepoda Eucyclops elegans vernal pools King et al. 1996
Copepoda Hesperodiaptomus caducus vernal pools King et al. 1996
Copepoda Hesperodiaptomus eiseni vernal pools King et al. 1996
Copepoda Hesperodiaptomus hirsutus vernal pools King et al. 1996
Copepoda Leptodiaptomus  tyrrelli vernal pools King et al. 1996
Copepoda Microcyclops rubellus vernal pools King et al. 1996
Copepoda Skistodiaptomus  pallidus vernal pools King et al. 1996
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Ostracoda Bradleystrandesia reticulata vernal pools King et al. 1996
Ostracoda Candona spp. vernal pools King et al. 1996
Ostracoda Candona caudata vernal pools King et al. 1996
Ostracoda Candona stagnalis vernal pools King et al. 1996
Ostracoda Cypridopsis vidua vernal pools King et al. 1996
Ostracoda Cypris subglobosa vernal pools King et al. 1996
Ostracoda Eucypris spp. vernal pools King et al. 1996
Ostracoda Eucypris virens media vernal pools King et al. 1996
Ostracoda Heterocypris spp. vernal pools King et al. 1996
Ostracoda Heterocypris carolinensis vernal pools King et al. 1996
Ostracoda Heterocypris rotundatus vernal pools King et al. 1996
Ostracoda Heterocypris incongruens vernal pools King et al. 1996
Ostracoda Limnocythere spp. vernal pools King et al. 1996
Ostracoda Limnocythere paraornata vernal pools King et al. 1996
Ostracoda Limnocythere posterolimba vernal pools King et al. 1996
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Ostracoda Limnocythere sanctipatricii vernal pools King et al. 1996
Ostracoda Megalocypris sp. vernal pools King et al. 1996
Ostracoda Pelocypris albpmaculata vernal pools King et al. 1996
Ostracoda Potamocypris sp. vernal pools King et al. 1996
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VI-5. List of Recommendations
V1-5.1 Peatlands

Recommendation VI-4.1.1: We recommend that Forest Service monitoring of pestlands
begin with mapping the locations of bog and fen habitats within the management area
(page 52)

Recommendation VI-4.1.2:. We recommend that the Forest Service mapping include
measurements at each dte of the eevation, topographic postion (dope and aspect),
subgrate type, the sze (historic extent of inundation) and shape of the habitat, sgnificant
landmarks (e.g., large trees, boulders, buildings, etc.). (page 52)

Recommendation VI-4.1.3: We recommend that the Forest Service photograph the Sites
upon the first and subsequent vigits. (page 53)

Recommendation VI-4.1.4: We recommend that the Foret Service monitor basic
environmentd factors such as average and minimum/maximum  temperatures, rainfdl,
and humidity. (page 54)

Recommendation VI-4.1.5. We recommend that the Forest service monitor hydrological
factors water depth, area or extent, and timing of inundation, and water persistence.

(page 54)

Recommendation VI-4.1.6: We recommend that the Forest Service monitor peat depth.
(page 55)

Recommendation VI-4.1.7: We recommend that the Forest Service monitor water
temperature, conductivity, dissolved oxygen, pH, and turbidity. (page 55)

Recommendation VI-4.1.8: We recommend that the Forest Service monitor Cacium
concentration of peatland water. (page 56)

Recommendation VI-4.1.9: We recommend that the Forest Service monitor frequency,
intengity and extent of disturbances such asfire, grazing, mining, and visitors. (page 57)

Recommendation VI-4.1.10: We recommend that the Forest Service monitor physical
atributes usng remote sendng techniques wherever practicad to avoid unnecessary
disturbance by monitoring persomnd. (page 57)
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Recommendation VI-4.1.11: We recommend that the Forest Service monitor the
presence/absence of plant species known to occur in peatlands of the Sierra Nevada

(page 62)

Recommendation VI-4.1.12: We recommend that the Forest Service monitor dl plant
pecies that are ligted by the U.S. Fish and Wildlife as Threatened or Endangered, dl
proposed and candidate species, and dl plants listed by the Caifornia Department of Fish
and Game as rare, threatened, or endangered. (page 63)

Recommendation VI1-4.1.13: We recommend that the Foret Service monitor
Darlingtonia californica populations. (page 64)

Recommendation VI1-4.1.14: We recommend that the Forest Service monitor
nonindigenous plant species populations. (page 64)

Recommendation VI-4.1.15: We recommend that the Forest Service monitor other
indicator plant populations as budgets permit. (page 64)

Recommendation VI-4.1.16: We recommend that the Forest Service monitor the
presence/absence of plant species known to occur in peatlands of the Sierra Nevada

(page 74)

Recommendetion VI-4.1.17: We recommend that the Forest Service monitor dl
invertebrate species that are liged by the U.S. Fish and Wildlife as Threatened or
Endangered, al proposed and candidate species, and dl invertebrates listed by the
Cdifornia Department of Fish and Game as rare, threatened, or endangered. (page 75)

Recommendation V1-4.1.18: We recommend that the Forest Service monitor
nonindigenous invertebrate species populations. (page 75)

Recommendation VI-4.1.19: We recommend that the Forest Service monitor other
indicator invertebrate populations as research uncovers vaid rdationships, and as
budgets permit. (page 76)
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V1-5.2 Wetland Springs and Seeps

Recommendation VI-4.2.1: We recommend that Forest Service monitoring of springs
and seeps begin with mapping the locations of goring and seep habitats within the
management area. (Page 81)

Recommendation VI-4.22: We recommend that the Forest Service mapping include
measurements a each dte of the devation, topographic podtion (dope and aspect),
ubgrate type, the sze (historic extent of inundation) and shgpe of the habitat, sgnificant
landmarks (e.g., large trees, boulders, buildings, etc.). (Page 81)

Recommendation VI-4.2.3: We recommend that the Forest Service photograph the sites
upon the firgt and subsequent vidits. (Page 82)

Recommendation VI-4.2.4: We recommend that the Foret Service monitor basic

environmental factors such as average and minimum/maximum  temperatures, rainfal,
and humidity. (Page 83)

Recommendation VI-4.25. We recommend that the Forest service monitor hydrological
factors. water depth, area or extent, and timing of inundation, and water persistence.

(Pege 83)

Recommendation VI-4.2.6: We recommend that the Forest Service monitor water
temperature, dissolved oxygen, pH, and TDS. (Page 84)

Recommendation VI-4.2.7. We recommend that the Forest Service monitor frequency,
intengty and extent of disturbances such asfire, grazing, mining, and vistors. (Page 86)

Recommendation VI-4.28: We recommend that the Forest Service monitor physical
atributes usng remote sendng techniques wherever practicd to avoid unnecessary
disturbance by monitoring personnd. (Page 86)

Recommendation VI-4.29: We recommend that the Forest Service monitor the
presence/absence of plant species known to occur in springs and seeps of the Sierra
Nevada. (Page 87)

Recommendation VI-4.210: We recommend that the Forest Service monitor dl plant
species that are listed by the U.S. Fish and Wildlife as Threstened or Endangered, dl
proposed and candidate species, and dl plants listed by the Caifornia Department of Fish
and Game as rare, threatened, or endangered. (Page 87)
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Recommendation VI1-4.2.11: We recommend that the Forest Service monitor
nonindigenous plant species populations. (Page 87)

Recommendation VI1-4.2.12: We recommend that the Foret Searvice monitor other
indicator plant populations as budgets permit. (Page 88)

Recommendation VI-4.213: We recommend that the Forest Service monitor the
presence/absence of invertebrate species known to occur in springs and seeps of the
Sierra Nevada. (Page 90)

Recommendetion VI-4.214: We recommend that the Forest Service monitor 4l
invertebrate species that are lisged by the U.S. Fish and Wildlife as Threatened or
Endangered, al proposed and candidate species, and dl invertebrates lised by the
Cdlifornia Department of Fish and Game as rare, threatened, or endangered. (Page 90)

Recommendation V1-4.2.15; We recommend that the Forest Service monitor
nonindigenous invertebrate species. (Page 91)

Recommendation VI-4.2.16. We recommend that the Forest Service monitor other
indicator invertebrate populations as research uncovers vdid reationships, and as
budgets permit. (Page 91)
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VI1-5.3. Ponds

Recommendation VI-4.3.1: We recommend that Forest Service monitoring of ponds
begin with mapping the locations of pond habitats within the management area. (Page 91)

Recommendation VI-4.32: We recommend that the Forest Service mapping include
measurements a each dte of the devation, subdrate type, the sze (historic extent of
inundation) and shape of the habitat, dgnificant landmarks (eg., large trees, boulders,
buildings, etc.), and adjacent vegetation. (Page 91)

Recommendation VI-4.3.3: We recommend that the Forest Service photograph the Sites
upon the firgt and subsequent vigts. (Page 91)

Recommendation VI-4.3.4: We recommend that the Foret Service monitor basic

environmental  factors such as average and minimum/maximum temperatures, rainfal,
and humidity. (Page 92)

Recommendation VI-4.35. We recommend that the Forest service monitor hydrological
factors water depth, area or extent, and timing of inundation, and water perdgstence.

(Page 92)

Recommendation VI-4.3.6: We recommend that the Forest Service monitor water
temperature, dissolved oxygen, pH, and TDS. (Page 93)

Recommendation VI-4.3.7. We recommend that the Forest Service monitor frequency,
intengty and extent of disturbances such asfire, grazing, mining, and visitors. (Page 95)

Recommendation VI-4.3.8. We recommend that the Forest Service monitor physical
atributes usng remote sendng techniques wherever practicd to avoid unnecessary
disturbance by monitoring personnd. (Page 96)

Recommendation VI-4.3.9: We recommend that the Forest Service monitor the
presence/absence of plant species known to occur in ponds of the Sierra Nevada. (Page
96)

Recommendation VI-4.3.10: We recommend that the Forest Service monitor al plant
species that are lised by the U.S. Fish and Wildlife as Threastened or Endangered, dl
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proposed and candidate species, and dl plants listed by the California Depatment of Fish
and Game as rare, threatened, or endangered. (Page 97)

Recommendation VI1-4.3.11: We recommend that the Forest Service monitor
nonindigenous plant species. (Page 97)

Recommendation VI1-4.3.12:  We recommend that the Foret Searvice monitor other
indicator plant populations as budgets permit. (Page 98)

Recommendetion VI-43.13: We recommend that the Forest Service monitor the
presence/absence of invertebrate species known to occur in ponds of the Serra Nevada

(Page 103)

Recommendation VI-4.214: We recommend that the Forest Service monitor 4l
invertebrate species that are liged by the U.S. Fish and Wildlife as Threatened or
Endangered, al proposed and candidate species, and dAl invertebrates listed by the
Cdlifornia Department of Fish and Game as rare, threatened, or endangered. (Page 103)

Recommendation VI1-4.3.15; We recommend that the Forest Savice monitor
nonindigenous invertebrate species. (Page 104)
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VI1-5.4. Vernal Pools

Recommendation VI-44.1: We recommend that Forest Service monitoring of vernd
pools begin with mapping the locations of vernd pool habitats within the management
area. (Page 107)

Recommendation VI-44.2. We recommend that the Foret Service mapping include
measurements a each dte of the edevation, topographic pogtion (dope and aspect),
subgtrate type, the sze (historic extent of inundation) and shape of the habitat, sgnificant
landmarks (e.g., large trees, boulders, buildings, etc.). (Page 107)

Recommendation VI-4.4.3: We recommend that the Forest Service photograph the sSites
upon the first and subsequent vigits. (Page 108)

Recommendation VI-4.4.4. We recommend that the Forest Service monitor basic
environmental  factors such as average and minimumymaximum  temperatures, rainfdl,
and humidity. (Page 109)

Recommendation VI-4.45. We recommend that the Forest service monitor hydrological
factors. water depth, area or extent, and timing of inundation, and water persstence.

(Page 110)

Recommendation VI-44.6. We recommend that the Forest Service monitor water
temperature, dissolved oxygen, pH, and TDS. (Page 111)

Recommendation VI-4.4.7. We recommend that the Forest Service monitor frequency,
intengty and extent of disturbances such asfire, grazing, mining, and visitors. (Page 112)

Recommendation VI-44.8. We recommend that the Forest Service monitor physical
atributes usng remote sendng techniques wherever precticd to avoid unnecessary
disturbance by monitoring personndl. (Page 113)

Recommendation VI-44.9: We recommend that the Forest Service monitor the
presence/absence of plant species known to occur in vernd pools of the Serra Nevada

(Page 114)

Recommendation VI-4.4.10: We recommend that the Forest Service monitor al plant
pecies that are listed by the U.S. Fish and Wildlife as Threatened or Endangered, dl
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proposed and candidate species, and dl plants listed by the California Depatment of Fish
and Game asrare, threatened, or endangered. (Page 114)

Recommendation VI1-4.2.11: We recommend that the Forest Service monitor populations
of nonindigenous plant species. (Page 114)

Recommendation VI-4.4.12: We recommend that the Forest Service monitor other
indicator plant populations as budgets permit. (Page 115)

Recommendation VI-4.4.13: We recommend that the Forest Service monitor the
presence/absence of invertebrate species known to occur in vernd pools of the Sierra
Nevada. (Page 121)

Recommendation VI-4.4.14: We recommend that the Forest Service monitor dl
invertebrate species that are liged by the U.S. Fish and Wildlife as Threatened or
Endangered, al proposed and candidate species, and dl invertebrates listed by the
Cdifornia Department of Fish and Game as rare, threatened, or endangered. (Page 121)

Recommendation VI1-4.4.15: We recommend that the Forest Service monitor
nonindigenous invertebrate species. (Page 122)

Recommendation VI-4.4.16. We recommend that the Forest Service monitor other
indicator invertebrate populations as research uncovers vdid reationships, and as
budgets permit. (Page 122)
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VI-6. Evaluation of Proposed Monitoring Attributes

A list of proposed dtributes was provided by the Forest Service for evauation. The
habitat groups in which some of these atributes would be measured were not identified,
therefore we have evauated these attributes generaly and provide suggestions as to
which habitat groups the atributes should be used. Monitoring attributes specific for fens
and bogs and for lakes and ponds were provided separately. We have evaluated these
attributes in separate sections below.

VI1-6.1 General Monitoring Attributes

The following list of attributes was provided by the Forest Service for review. Ater each
(in italics) dtribute is a short evauation of the gppropriateness of the attribute as they
related generdly to the four groups of gpecid aguatic habitats, and suggestions about
which habitat group the attribute should be measured. No judtifications for attributes were
provided, but can be found for some in the detalled discussons in Sections VI-4.1
through VI-4.4 above.

Forest Service Proposed Special Habitat Explanatory Variables

Vegetation

0 Sed Stages — Seral stages are arbitrary and difficult to quantify. We
recommend that attributes that relate to seral stage that may be of interest to
the Forest Service, such as age-class distribution of vegetation be measured
directly.

o PH—pH isnot a vegetation attribute, but instead a water quality attribute. We
recommend that pH be measured for all habitat groups.

0 PFant Communities— Vegetation surrounding special habitat s can have
significant and important impacts on the biota of the habitats. We recommend
that general conditions of surrounding vegetation be measured (e.g., percent
cover over habitat, presence of species, etc.). We also recommend that the
presence of plants found in special habitats should recorded with each visit in
all special habitats.

0 Sengtive Plants— Sensitive plants are of special interest and we recommend
that these plants be monitored in all special habitats.

0 Exoatic plant and anima species— Non-indigenous plants and animals can
have dramatic impacts on native species and in special habitats. We
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recommend that non-indigenous plants and animals be monitored in al special
habitats.

Soils

0 Moisture— The timing and length of inundation isimportant in all special
habitats and can greatly impact species distribution. We recommend that this
attribute be monitored in all the special habitats.

0 Texture—We found no reference that would support the measurement of this
attribute. Instead, geological conditions (e.g., serpentine soils, etc.) are more
informative. We recommend that soil texture not be monitored in special
habitats.

0 Rooting Depth — Typically, plants in aquatic habitats will root down to the
extent of inundation. This can be a very difficult attribute to measure and may
disturb the habitats. We recommend that this attribute not be measured in
special habitats.

o Color —This attribute can give information about the chemical composition of
the soils, but has no intrinsic value unless a complete soil evaluation isto be
undertaken. We recommend that general aspects of the habitats and the
surrounding land be mapped.

0 Peat depth — Peat depth isimportant in peatland habitats. We recommend
that this attribute be measured in peatland habitats only.

Hydrologic Classes — These attributes are generally described as topographic

attributes. We recommend that these and other important topographic attributes

described in Sections VI-4.1 through VI-4.4 above be measured in all special
habitats.

0 Rasad Convex

Normal

Hanging

Lotic

Xeric

0 Sunken-Concave

Margin Type - These attributes are generally described as topographic attributes.

We recommend that these and other important topographic attributes described in

Sections VI-4.1 through VI-4.4 above be measured in all special habitats.

0 Basn

o Sope

o0 Stream

0 How Regime (perennid, intermittent, ephemerd)

Disturbance - These attributes can have significant impacts on the biota of special

habitats. We recommend that the type, intensity and timing of these disturbances

be monitored in all special habitats.

o Fires

o0 Timber Harvest

O O OO
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0 Grazing (timing and duration)
0 Recredtion

VI1-6.2 Peatland Monitoring Attributes

The following ligt of attributes was provided by the Forest Service for monitoring in fens
and bogs. After each attribute is a short evauation of the gppropriateness of the attribute
as they rdated generdly to pestlands. No judtifications for attributes were provided, but

can be found for somein the detailed discussionsin Sections VI-4.1 above.

1 plant species compostion on cross section transect. - Plant species
composition is important for measuring the integrity of peatlands. We
recommend that species composition (presence/absence) of plants and
invertebrates be monitored in peatlands. We do not recommend cross section
transects, but instead recommend evaluation of sites as completely as
possible. Some rare plants may be missed by transect sampling.

2. plant community composition on cross section transect — Plant community
composition is essentially the same as 1.
3. percent bare soil on cross section transect — This can be a time-consuming

activity and we found only sparse reference to the importance of this attribute
in the literature. We recommend that more time be spent recording the species
composition and the nature (percent cover of habitat) of surrounding
vegetation.

4. water table depths on cross section transect — Water depth is an important
attribute in peatland habitats and we recommend that this attribute be
measured.

5. soil water temperature measured adong cross section a two depths-- 20 and 50
cm— Water temperature is an important water quality attribute and we
recommend this attribute be monitored in peatland habitats.

6. depth of organic/pest layer (cm) along cross section transect — Peat depth can
influence the invertebrate assemblage found in peatlands. We recommend that
peat depth be monitored.

7. margin vegetation — VVegetation at the margins of peatlands can have
significant influence on the vegetation in the habitats. We recommend this
attribute be monitored.

8. soil pH aong cross section transect — We found no reference that supports
measurement of soil pH, however, water pH can be an important factor. We
recommend that water pH be monitored in peatland habitats.
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V1-6.2 Peatland Monitoring Attributes

Thefollowing ligt of attributes was provided by the Forest Service for monitoring in lakes
and ponds. After each attribute is a short evauation of the gppropriateness of the attribute
as they related generdly to peatlands. No judtifications for attributes were provided, but
can be found for some in the detailed discussonsin Sections V1-4.3 above.

Primary physica/chemicd: These attributes are very specific and address particular
questions of interest. We recommend that as budgets allow, these attributes all be
measured in pond habitats. However, we have recommended what we consider the
appropriate priority for these measurementsin Section VI-4.3 above and we recommend
that this priority be followed.

Acid neutrdizing capacity
nitrate

alfate

totd & particulate N
tota & particulate P

chlorophyll a
Secchi depth

Additiond physical/chemical attributes for supporting information, but not primary
indicators. pH, conductivity, sum of base cations, individua base cations, dlica, water
temperature. Some of these attributes are critical to evaluation of habitat condition. We
recommend that pH, and water temperature have a higher priority in the physical
attributes to be monitored.

Biologicd Attributes

1. diatoms from sediment core - more work/longer history has been done in terms of
interpreting results. easy to collect, but expertise for identifying is located in a
few univergties. Could develop expertise withinthe FS. Can aso look at
higtoricd trends from core. — Diatom monitoring requires expertise that does
not presently exist at the Forest Service. While diatoms can provide useful
information about the condition of pond habitats, we recommend that the
actual physical attributes be measured until sufficient budget and/or expertise
exists before monitoring diatoms.

2. macroinvertebrates - work/longer history has been donein terms of interpreting
results, though not specificdly for Serras— Monitoring invertebrates will
provide important information about habitat integrity. Invertebrates taxonomy
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is straightforward and expertise exists in the Forest Service. We recommend
that invertebrate species presence/absence be monitored in pond habitats. We
further recommend that invertebrate sampling be conducted non-destructively
whenever possible.

3. zooplankton - interpretation is less clear, though there are zooplankton that
disappear with fish, or with acidification, greater risk that won't be able to use
the data— Unless the Forest Service is confident that taxonomic expertiseis
available we recommend that zooplankton not be monitored.

4. amphibians - wouldn't use done, but useful as part of the community — Non-
destructive monitoring amphibians can provide important information about
habitat integrity. We recommend that amphibians be monitored non-
destructively.

5. habitat condition - littora vegetation (Yocover), shordine disturbance, EMAP has
extensve habitat survey. — We recommend that habitat condition be monitored as
described. Use of EMAP protocolsis strongly recommended.

Ranking atributes in terms of importance:
1) fish, water chemidtry, habitat condition — We recommend that mapping also be
ranked as a high priority. We recommend that fish monitoring be reduced in
ranking to that equal with plants and invertebrates.

2) meacroinvertebrates, - We recommend that plants also receive equal ranking with
invertebrates.

3) diatoms, - We recommend reducing the ranking of diatoms to below that of
amphibians.

4) amphibians,

5) zooplankton
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