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1historical ecology and landscape change in the central laguna de santa rosa

This study synthesizes a diverse array of data to examine the 

ecological patterns, ecosystem functions, and hydrology that 

characterized a central portion of the Laguna de Santa Rosa 

during the mid-19th century, and to analyze landscape changes 

over the past 150 years. The primary purpose of this study was 

to help guide restoration actions and other measures aimed 

at reducing nutrient loads within this portion of the Laguna de 

Santa Rosa watershed. 

Prior to Euro-American modification of the landscape, the Laguna de Santa 
Rosa (hereafter, “Laguna”) supported a diverse and extensive array of wetland 
and riparian habitat types ranging from tule marshes and willow forests to wet 
meadows and vernal pools. As one of the largest wetland complexes in northern 
California, the Laguna was a productive ecosystem that was home to vast numbers 
of resident and migratory birds, fish, mammals, and other wildlife. It was this 
diversity and productivity that made the Laguna a focal element of the Santa Rosa 
Plain for generations of native Pomo people, and for 19th-century Spanish and 
American settlers.

Today, the Laguna continues to provide vital habitat for a host of native plants and 
animals, and has been recognized by the Ramsar Convention on Wetlands as a 
Wetland of International Importance (Ramsar 2017). However, as the population 
of the area has grown and land use modifications have intensified over the past 
150 years, the Laguna has experienced a variety of impacts stemming from 
urban and agricultural development. These impacts include substantial loss of 
native wetland and riparian habitats, channelization of streams, alterations to 
streamflow and sediment dynamics, invasion of non-native species, and water 
quality impairments. While the Laguna still exhibits elements of its former 
character, the modern Laguna represents a landscape profoundly altered by over 
a century and a half of both direct and indirect modifications. As residents and 
land managers look to improve the ecological health of the Laguna and restore 
lost ecological functions, an understanding of what the landscape was like in the 
recent past, and how it has changed over time, provides a valuable starting place 
for envisioning its future potential.

PROJECT BACKGROUND AND OBJECTIVES
This project, funded by the State Water Resources Control Board, developed 
historical information for a central portion of the Laguna de Santa Rosa (see page 4 
for study area). As one component of an ongoing initiative to reconstruct historical 
landscape patterns and processes within the Laguna watershed, this study built on 

Photo by Sean Baumgarten, 
January 13, 2017

Photo by Sean Baumgarten, 
January 13, 2017
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several previous historical research efforts, including a study of changes in channel alignment along 
the lower Laguna de Santa Rosa and Mark West Creek (Baumgarten et al. 2014a) funded by the 
Sonoma County Water Agency, and the development of historical orthoimagery for the Santa Rosa 
Plain (Baumgarten et al. 2014c) funded by the Sonoma County Agricultural Preservation and Open 
Space District. In addition, this study drew on an extensive body of existing contemporary research, 
planning efforts, and technical documents, including Enhancing and Caring for the Laguna (Honton 
and Sears 2006) and The Altered Laguna: A Conceptual Model for Watershed Stewardship (Sloop et 
al. 2007). Future research in collaboration with the Sonoma County Water Agency and the Laguna 
de Santa Rosa Foundation, funded by the California Department of Fish and Wildlife, will expand the 
historical research presented here and use it to inform the development of a restoration plan for the 
Laguna (see page 55).

The Laguna has long experienced water quality challenges, including excessive nutrient 
concentrations. In the late 1800s and early 1900s, raw sewage was discharged into the Laguna and 
Santa Rosa Creek from the nearby towns of Santa Rosa and Sebastopol (Daily Alta California 1888, 
Searls 1897, Lee 1944, Tancreto and Rivera 1987, Cummings 2003b). During the mid-20th century, 
several wastewater treatment plants (including the Laguna Treatment Plant) were constructed to 
address this problem, which (thanks in part to upgrades in recent decades) have greatly reduced 
nutrient concentrations in discharged wastewater (Tancreto and Rivera 1987, Sloop et al. 2007). 
Today, one of the largest sources of ongoing nutrient inputs to the Laguna is the large number of 
dairies and other agricultural enterprises located within the watershed. In addition, legacy discharges 
stemming from sewage, industrial tailings, manure, and other sources continue to be a significant 
contributor to overall nutrient loads in the Laguna (TetraTech 2015a, D. Kuszmar pers. comm.). The 
increased rate of nutrient loading over historical levels is compounded by the substantial alterations 
to the Laguna’s drainage network (e.g., straightening and channelization of streams) and the loss of a 
wide variety of wetland types in the watershed, which have significantly reduced nutrient assimilative 
capacity (the ability of wetlands to remove or filter nutrient loads) and impacted flow and sediment 
dynamics. Biostimulatory conditions associated with these changes have led to eutrophication and 
depressed dissolved oxygen levels within aquatic and wetland habitats, contributing to fish kills, 
invasion of non-native aquatic plants, and other impacts (PWA 2004a; Sloop et a. 2007; Fitzgerald 
2013; TetraTech 2015a, 2015b).

The Laguna was initially listed on the 303(d) list of impaired water bodies in 1990 for high ammonia 
and low dissolved oxygen (TetraTech 2015a). A “waste reduction” strategy was developed in 1995 
to address these impairments, focusing on measures that should be taken to reduce pollutant loads 
(Morris 1995). The Laguna was subsequently listed for sediment, nitrogen, phosphorus, dissolved 
oxygen, temperature, mercury, and indicator bacteria (Fitzgerald 2013). The North Coast Regional 
Water Quality Control Board is currently developing Total Maximum Daily Loads to address these 
impairments and identify source reduction targets to restore beneficial uses outlined in the Water 
Quality Control Plan for the North Coast Region; these beneficial uses include recreation, water supply, 
groundwater recharge, freshwater habitat, biodiversity, and flood storage/attenuation, among others 
(NCRWQCB 2011). However, pollutant load reduction is only one part of a comprehensive strategy to 
address excess nutrient loading: strategic restoration of the Laguna’s wetland and riparian buffer can 
help to increase the assimilative capacity of the system, and thus reduce nutrient loading to surface 
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waters. Ultimately, both source controls and strategic habitat restoration will be needed to address 
water quality problems and maximize ecological functions within the Laguna wetland complex.

Determining what habitat types should be restored, and in which areas, requires a thorough 
understanding of the ecological patterns that existed historically, the natural processes that sustained 
them, and the potential for enhancing or reestablishing those processes. The study of the past can 
help inform restoration decisions by providing valuable knowledge about system characteristics 
under more natural conditions, as well as an understanding of how these characteristics have 
changed over time in response to human alterations to the landscape. Understanding the interaction 
between the ecological mosaic and the underlying topographic, climatic, and hydrologic gradients 
is key to designing and managing locally appropriate future systems that are flexible, adaptive, and 
resilient to dynamic environmental conditions.

REPORT STRUCTURE

This chapter provides an overview of the project background and objectives and the environmental 
setting of the Laguna watershed. Chapter 2 discusses the methodology used to reconstruct historical 
landscape patterns within the study area and to analyze landscape changes over time. Chapter 3 
presents research findings related to historical ecological patterns and processes, including 
information about the historical channel network, hydrology, habitat types, and biological diversity. 
Chapter 4 summarizes land-use changes within the watershed, analyzes their impacts on habitat 
extent/distribution and channel configuration, and explores the effects of landscape changes on 
nutrient assimilative capacity. The report concludes with a discussion of management implications, 
restoration potential, and future research directions in Chapter 5. Scientific names of species 
referenced in the report are provided in the Appendix.

The objectives of this study were to:

Create a synthetic map representing average ecological conditions in the central 
portion of the Laguna ca. 1850.

Link ecological conditions to physical processes and environmental drivers, and 
document how these conditions and drivers have changed over time.

Enhance understanding of how changes in wetland extent have impacted nutrient 
dynamics and assimilative capacity.

Foster a shared understanding of local landscape history and habitat values, 
establishing a common reference point across diverse stakeholders.
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Laguna de Santa Rosa watershed. The study 
area, located between Santa Rosa and 
Sebastopol and comprising the middle reach 
of the Laguna de Santa Rosa, is highlighted 
in orange.
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SETTING AND STUDY AREA
The Laguna de Santa Rosa lies at the western edge of a 658 km2 (254 mi2) 
watershed in Sonoma County, California (Fig. 1A). Numerous tributaries, including 
Mark West Creek, Santa Rosa Creek, Matanzas Creek, and Windsor Creek, originate 
in the Mayacamas and Sonoma mountains to the east and flow west across the 
Santa Rosa Plain. The Laguna drains into the Russian River, from which point the 
combined waters flow 39 km (24 mi) to the Pacific Ocean.

The Laguna is located in a tectonic depression along the boundary of two crustal 
blocks (Curtis et al. 2013). The Wilson Grove Formation, dominated by marine 
sandstone, forms the hills to the west of the Laguna (Delattre and Koehler 2008). 
The Sonoma Volcanics form the mountains on the eastern side of the watershed 
(Honton and Sears 2006). The Santa Rosa Plain, which extends from the Laguna to 
the Mayacamas Mountains on the east, is comprised of eroded sediments carried 
down from the surrounding ranges by alluvial processes.

Plant communities on the Santa Rosa Plain include grasslands, oak woodlands, 
and vernal pools. Interior mixed hardwood and coniferous forest dominate the 
hills to the east of the Santa Rosa Plain (Honton and Sears 2006, USDA 2009). 
Altogether, open space (including rangeland) comprises approximately 14% of 
the watershed. Developed areas, including the cities of Santa Rosa, Rohnert Park, 
Windsor, Cotati, and Sebastopol, occupy approximately 53% of the watershed, 
while agricultural lands, concentrated on the western side of the Santa Rosa Plain, 
occupy 33% (ABAG 2005).

The study area encompasses approximately 13 km2 (5 mi2) in the central portion 
of the Laguna de Santa Rosa to the east of Sebastopol (Fig. 1B). It extends from 
Guerneville Road on the north to approximately 7 km (4.5 mi) south. The western 
boundary of the study area is approximately defined by the geologic divide 
between the alluvium of the Santa Rosa Plain and the bedrock of the Wilson 
Grove Formation. The eastern boundary encompasses all of the wetland features 
contiguous to the Laguna, with the exception of oak savanna/vernal pool complex 
and wetlands extending upstream along the Laguna mainstem and Santa Rosa 
Creek.
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The use of historical data to study past ecosystem characteristics is an interdisciplinary field called 
historical ecology (Swetnam et al. 1999, Rhemtulla and Mladenhoff 2007). Historical ecology can 
reveal relevant landscape drivers and context, document change over time, and suggest appropriate 
restoration and management targets by identifying constraints and opportunities posed by the 
contemporary landscape.

Constructing an accurate picture of historical landscape patterns requires the integration, comparison, 
and interpretation of many independent sources (Grossinger et al. 2007). Where possible, historical 
landscape features in the Laguna were documented using multiple sources from varying years and 
authors to ensure accurate interpretation. This section details how these sources were collected and 
interpreted, as well as how they were used to create maps of historical habitat types and channels.

DATA COLLECTION AND COMPILATION
Archival data used to reconstruct the historical Laguna landscape were collected from 13 local, 
regional, county, and state archives (Table 1), as well as over 20 online databases. The dataset 
includes a substantial amount of information collected for previous historical ecology research in the 
Laguna, Dry Creek, and Russian River watersheds (e.g., Baumgarten et al. 2014a, 2014b, 2014c) and 
ongoing research in the Petaluma River watershed. Data collection efforts focused on information 
related to hydrology, channel configuration, and habitat extent, distribution, and composition; 
information about other topics, such as wildlife presence or botanical diversity, was collected where 
relevant but was not the target of data collection efforts. 

The assembled dataset is composed of a variety of historical data types, including maps (e.g., Spanish 
land grant maps, General Land Office [GLO] survey plats, USGS and USACE topographic quads, USDA 
soil maps, county maps, parcel and subdivision maps, railroad maps), photographs (landscape and 
aerial), and textual documents (e.g., land grant case files, GLO field notes, travelogues, newspaper 
articles, county histories, specimen records). It also includes contemporary technical reports and 
Geographic Information Systems (GIS) data layers such as the Sonoma County LiDAR (WSI 2013), 
SSURGO soil data, and modern aerial photos. Altogether, the dataset includes approximately 500 
landscape and oblique aerial photographs, 200 maps, and 150 textual documents (Fig. 2).

SOURCE INSTITUTION LOCATION

Bureau of Land Management Sacramento (visited remotely)

California Historical Society San Francisco

Curtis & Associates, Inc. Healdsburg

North Coast Regional Water Quality Control Board Santa Rosa

Sonoma County Public Library and History & Genealogy Annex Santa Rosa

Sonoma County Recorder Santa Rosa

Sonoma County Surveyor Santa Rosa

Sonoma County Water Agency Santa Rosa

Sonoma State University Rohnert Park

The Bancroft Library, UC Berkeley Berkeley

The George & Mary Foster Anthropology Library, UC Berkeley Berkeley

UC Berkeley Earth Science and Map Library Berkeley

Western Sonoma County Historical Society Sebastopol (visited remotely)

Table 1. Source institutions visited for project data collection.
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Sources with high spatial accuracy and/or detailed depictions of landscape features were compiled 
and georeferenced in a GIS database. The georeferenced data includes approximately 25 historical 
maps, as well as spatially explicit narrative data such as GLO field notes, county survey notes, 
and records from species databases such as the Consortium of California Herbaria (CCH) and the 
California Natural Diversity Database (CNDDB).

One key data source for the study was a historical aerial photomosaic of the entire Santa Rosa Plain 
(Fig. 3) comprised of orthorectified and mosaicked aerial photos from 1942 (the earliest year for 
which coverage of the region is available). The photomosaic was created by SFEI in 2014 with funding 
from the Sonoma County Agricultural Preservation and Open Space District, and is viewable on the 
Sonoma Veg Map website (http://www.sonomavegmap.org/1942/).

Fig. 2. Examples of archival 
data sources collected for 
this study. Each source pro-
vides a distinct perspective 
on the Laguna’s historical 
ecology. (Map: Bowers 1866, 
courtesy of David Rumsey 
Map Collection; Photo: 
CHS-45682, courtesy of 
USC Libraries, California 
Historical Society Collec-
tion; Newspaper: Daily Alta 
California 1872, courtesy of 
California Digital Newspaper 
Collection)

Fig. 3. (opposite) Photomosaic of his-
torical aerial imagery, flown in 1942, of 
the Santa Rosa Plain. (USDA 1942)
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GIS SYNTHESIS
The collected data were synthesized and interpreted to develop two GIS layers representing the historical 
distribution of wetland, riparian, and aquatic habitat types and the configuration of the drainage network 
during the mid-19th century. Habitat types were mapped as polygon features (Table 2). Drainage features, 
including the Laguna mainstem and significant tributaries, were mapped as line features. Streams and 
other relatively well-defined drainage features were classified as “channels,” while shallower, low-gradient 
drainage features were classified as “sloughs.”

Habitat polygons and drainage features were mapped from the most spatially accurate sources believed 
to be representative of historical landscape condition and configuration. In many cases, features were 
digitized from either the 1942 aerial photographs (USDA 1942) or the modern LiDAR-derived DEM (WSI 
2013), while in other cases features were digitized from spatially accurate historical maps such as GLO 
plats. Multiple early sources (i.e., mid-late 19th-century maps and textual data) were used to confirm 
the historical presence of particular features and establish their approximate shape, size, location, and 
classification. Mapped features were attributed in the GIS with supporting sources as well as certainty 
levels for shape, location, and interpretation (classification).

Table 2. Wetland, riparian, and aquatic habitat types captured by the historical synthesis map, along with characteristic vegetation compo-

nents and flood regime.

HABITAT TYPE CHARACTERISTIC VEGETATION  
COMPONENTS

FLOOD REGIME

Perennial Freshwater Lake/Pond None, floating Perennial

Valley Freshwater Marsh Tule, cattail Semi-Permanent to Perennial

Willow Forested Wetland Willow, tule, Oregon ash Seasonal to Semi-Permanent

Mixed Riparian Forest Oak, willow, Oregon ash, boxelder Temporary

Wet Meadow Grasses, rushes, forbs Temporary to Seasonal

Oak Savanna/Vernal Pool Complex Vernal pool specialists, oaks, dry grasses Temporary to Seasonal

Perennial Freshwater Lake/Pond Valley Freshwater Marsh
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Mixed Riparian Forest

Wet Meadow

Oak Savanna/Vernal Pool Complex

Willow Forested Wetland

Perennial Freshwater Lake/Pond: Photo by Micha Salomon, June 6, 2013; Valley Freshwater Marsh: Photo by Jean Pawek, 2013, courtesy of 
Calflora; Willow Forested Wetland: Photo by Brian Bollman, January 5, 2013, https://flic.kr/p/dMoDNw; Wet Meadow: Photo by Stickpen, Octo-
ber 2009, courtesy of Wikimedia Commons; Mixed Riparian Forest: Photo by Micha Salomon, June 6, 2013; Oak Savanna/Vernal Pool Complex: 
Photo by Josh Collins
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CHANGE OVER TIME ANALYSIS
A map of contemporary channels and wetland, riparian, and aquatic habitat types (ca. 2015) was 
developed in order to analyze changes in habitat distribution and channel configuration over time. The 
contemporary map was based primarily on North Coast Aquatic Resource Inventory (NCARI) mapping 
(SFEI-ASC 2014). Additional riparian features (classified as “Southwestern North American Riparian 
Evergreen and Deciduous Woodland Group” or “Southwestern North American Riparian/Wash 
Scrub Group”) were incorporated from a draft version of the Sonoma Veg Map GIS layers (http://
sonomavegmap.org/). Modern classifications were crosswalked to historical habitat types to enable 
comparison between the historical and modern mapping (Table 3). 

Table 3. Crosswalk between modern classifications and historical habitat types. Modern wetland classes follow the classification systems 

used by NCARI (SFEI-ASC 2014) and a draft version of the Sonoma Veg Map (http://sonomavegmap.org/).

SOURCE MODERN CLASSIFICATION ABBREV. HISTORICAL ANALOG

NCARI Channel Open Water Natural COWN 1) Lake Jonive and similar large open water features -> Perennial Fresh-
water Lake/Pond 

2) For narrow channels, classification was merged with adjacent poly-
gons

NCARI Channel Vegetated Natural1 CVN Valley Freshwater Marsh

NCARI Depressional Open Water Natural DOWN Perennial Freshwater Lake/Pond

NCARI Depressional Open Water Un-
natural

DOWU 1) For large polygons in the northern part of the study area with aquatic 
vegetation visible in NAIP 2012 -> Open Water/Aquatic Vegetation  

2) For managed ponds or other small, unnatural open water features 
outside the core of the Laguna -> Storage Pond  

3) For small open water features embedded within other wetland types 
in the core of the Laguna -> Perennial Freshwater Lake/Pond  

4) Several polygons were classified as Open Water/Agriculture based 
on local expert knowledge

NCARI Depressional Vegetated Natural DVN Valley Freshwater Marsh

NCARI Depressional Vegetated Unnatural DVU 1) Default = Valley Freshwater Marsh  

2) One polygon was classified as Open Water/Agriculture based on local 
expert knowledge

NCARI Forested Slope FS Forested Wetland and Riparian Forest/Scrub

NCARI Riparian - Forested Slope FSr Forested Wetland and Riparian Forest/Scrub

NCARI Lacustrine Open Water Unnatural LOWU Storage Pond

NCARI Lacustrine Vegetated Unnatural LVU Valley Freshwater Marsh

NCARI Natural Slope SN Wet Meadow

NCARI Unnatural Slope SU Wet Meadow

NCARI Individual Vernal Pool VP N/A

NCARI Vernal Pool Complex VPC N/A

NCARI Wet Meadow WM Wet Meadow

Sonoma 
Veg Map

Southwestern North American 
Riparian Evergreen and Deciduous 
Woodland Group

Forested Wetland and Riparian Forest/Scrub

Sonoma 
Veg Map

Southwestern North American 
Riparian/Wash Scrub Group

Forested Wetland and Riparian Forest/Scrub

1   Within the study area, the NCARI mapping generally shows modified sections of channels as line features (rather than polygons), and thus the crosswalk 
does not include a category for Channel Vegetated Unnatural.
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Three novel habitat types not present historically were included in the contemporary mapping: 
Storage Pond, Open Water/Aquatic Vegetation (areas that are often shallowly flooded and have a 
cover of Ludwigia sp. and other non-native aquatic plants) and Open Water/Agriculture (areas that are 
periodically cultivated but are often shallowly flooded).

Several adjustments to the historical mapping were made to facilitate comparison with modern data. 
First, because Oak Savanna/Vernal Pool Complex includes substantial non-wetland areas and is not 
directly comparable with modern vegetation classifications, it was omitted from the change analysis. 
Second, Willow Forested Wetland and Mixed Riparian Forest were combined into one habitat type 
called Forested Wetland and Riparian Forest/Scrub. 

TECHNICAL REVIEW AND STAKEHOLDER OUTREACH
A technical advisory team consisting of 14 local experts and resource managers (Table 4) provided 
guidance on project direction, methodology, mapping, and reporting. In addition, two stakeholder 
workshops were held during the course of the project, including a workshop at the Laguna de Santa 
Rosa Foundation in October 2016 to present preliminary findings and solicit comments and feedback 
from local landowners and other stakeholders, and a workshop in February 2017 to present project 
findings to stakeholders.

Table 4. Project Technical Advisory Team. Acroymns: NCRWQCB (North Coast Regional Water Quality Control Board), 

CDFW (California Department of Fish and Wildlife), SCWA (Sonoma County Water Agency).

ADVISOR AFFILIATION

Hattie Brown Sonoma County Regional Parks (previously Laguna de Santa Rosa Foundation)

Steve Butkus NCRWQCB

Keenan Foster SCWA

William Hart Gold Ridge Resource Conservation District

Kara Heckert Sonoma Resource Conservation District

Conrad Jones CDFW

David Kuszmar NCRWQCB

Eric Larson CDFW

Gaye Lebaron Historian

Jane Nielson Geologist

Tom Origer Tom Origer & Associates

Geoffrey Skinner Sonoma County Library

Chuck Striplen NCRWQCB (previously SFEI)

Mark Tukman Tukman Geospatial
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OVERVIEW
During the mid-19th century, the central portion of the Laguna and 
surrounding areas (the focus of this study) were characterized by 
a diversity of wetland types with a complex spatial distribution. 
Open water bodies, perennial wetlands, and riparian habitat types 
formed the core of the Laguna wetland complex, while extensive 
seasonal wetlands and oak savannas occupied the surrounding 
areas, resulting in both lateral (i.e., across valley) and longitudinal 
(i.e., along valley) variability in wetland distribution (Fig. 4).

Entering the study area from the southeast, the Laguna flowed 
through a relatively narrow corridor of valley freshwater marsh 
surrounded by extensive areas of wet meadow and oak savanna/
vernal pool complex. As the Laguna turned north and flowed past 
present-day Sebastopol, the surrounding marsh graded into a 
mixed riparian forest dominated by willows and oaks. Just north 
of present-day Highway 12, the Laguna emptied into a deep, 
perennial open water body known as Lake Jonive, which extended 
north to present-day Occidental Road and was bordered by mixed 
riparian forest. North of Occidental Road, the width of the Laguna 
increased considerably: a broad swath of valley freshwater marsh 
extended along the eastern side of the channel, while a large willow 
forested wetland dominated the western side. Extensive areas 
of wet meadow and oak savanna/vernal pool complex bordered 
the perennial wetlands and riparian forests on the eastern side of 
the Laguna. Overall, wet meadow and oak savanna/vernal pool 
complex occupied the largest areas within the study area (~470 
and 420 ha [1,170 and 1,050 ac], respectively), followed by valley 
freshwater marsh (~130 ha [310 ac]), willow forested wetland (~120 
ha [290 ac]), mixed riparian forest (~70 ha [180 ac]), and perennial 
freshwater lake/pond (~30 ha [70 ac]; Fig. 5).

The gradual slope of the Laguna (on average, just a few vertical 
feet per mile) was one characteristic that fundamentally influenced 
hydrologic patterns and wetland distribution. The gradual slope 
caused water to move very slowly through the system and 
spread out over large wetland complexes (De Mars et al. 1977). 
The distribution of wetland and riparian habitat types within the 
study area was influenced by a number of interrelated physical 
controls, including topography, soils, geology, streamflow, and 
groundwater. Patterns of alluvial deposition along tributary 
streams gave rise to some of the topographic complexity and soil 
heterogeneity within the Laguna, with recent (Holocene) alluvial 
deposits created by Santa Rosa Creek and other tributaries inset 
within the older (Pleistocene) deposits that occupied much of the 
Santa Rosa Plain (Honton and Sears 2006, Delattre and Koehler 
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Fig. 4. The historical (ca. 1850) distribution 
of habitat types in the study area, including 
freshwater ponds and wetlands, riparian 
areas, and stream channels.
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2008). Lower-elevation areas within the Laguna basin that were permanently 
flooded supported ponds and perennial wetlands, while slightly higher-elevation 
areas that were seasonally flooded supported seasonal wetlands. High groundwater 
levels throughout the lower parts of the Laguna basin supplied a key source of 
water during the dry season; seeps and springs in the Merced Formation to the 
west provided an additional source of groundwater input (Cardwell 1958, Nishikawa 
2013). Soil configuration also impacted the distribution of particular wetland types: 
for example, wet meadow often occurred in areas with poorly drained clay soils, 
while vernal pools occurred in areas with a subsurface hardpan. 

The Laguna was a highly productive ecosystem historically, and supported a wide 
variety of resident and migratory wildlife. While a comprehensive analysis of historical 
wildlife support is outside the scope of this study, late 19th- and early 20th-century 
descriptions include glimpses into the many species found in the area’s open water, 
riparian, and wetland habitats, including several species currently listed as threatened 
or endangered. For example, early observers noted “salmon-trout” (possibly coho 
salmon or steelhead) in Lake Jonive, along with beaver and California tiger salamander 
in the Laguna’s open water habitats (Sonoma Democrat 1879, The Sebastopol Times 
1903a, Vallejo et al. 2000). An important stop on the Pacific Flyway (Laguna Technical 
Advisory Committee 1989), the Laguna also supported abundant waterfowl in open 
water habitats and surrounding tule marshes (Marryat 1855, Petaluma Journal & 
Argus 1869, Petaluma Weekly Argus 1881), and provided breeding habitat for Western 
yellow-billed cuckoo in the brushy “willow bottoms” surrounding the Laguna (Shelton 
1911). Grizzly bears and large herbivores such as deer, elk, and pronghorn antelope 

Fig. 5. Total area of each historical 
(ca. 1850) habitat type mapped 
within the study area. Perennial 
freshwater lake/pond, mixed riparian 
forest, willow forested wetland, and 
valley freshwater marsh composed 
the core of the Laguna wetland 
complex, while extensive areas of 
wet meadow and oak savanna/
vernal pool complex occupied higher 
surrounding areas.
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BEAVERS IN THE LAGUNA DE SANTA ROSA
Physical controls were not the only factors that shaped the distribution of habitat types within the Laguna 
historically. Certain plant and animal species, such as beaver, also had a significant influence on landscape 
patterns. Known as “ecosystem engineers” for their ability to substantially alter ecosystem structure, beavers likely 
helped to shape the historical Laguna landscape by constructing dams, which in turn altered the flow of water 
and the movement of sediment and debris through the system. Beaver activity may have played an important role 
historically in creating and sustaining ponds, marshes, and other wetland habitats within the Laguna, which in 
turn contributed to overall landscape heterogeneity and species richness (Wright et al. 2002, Lanman et al. 2013).

Estimates of historical beaver density in the region are not available, but early 19th-century sources describe 
the presence of large numbers of beavers within the Laguna. For instance, in 1833 Mariano Vallejo wrote of 
“great tulare lakes teeming with beaver [grandes lagunas tulares, y abunda de castores]” (Vallejo et al. 2000), 
while José Figueroa (1834) found the Laguna to have “many beavers.” By the mid-1800s, trapping by the 
Russian American Fur Company and others had largely extirpated beavers from the region (Lanman et al. 
2013). Evidence of beaver recolonization within the Laguna watershed has recently been observed in several 
locations along Santa Rosa Creek, though to date there is no record of beaver re-occupation in the Laguna 
mainstem (K. Lundquist pers. comm.).

1875 illustration courtesy of Biodiversity Heritage Library, Creative Commons.
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frequented the Santa Rosa Plain (Marryat 1855, Sonoma County Democrat 1861). While the Laguna 
continues to provide habitat for many wildlife species, some, such as the Western yellow-billed cuckoo, 
have been extirpated over the past century and a half (Honton and Sears 2006).

HYDROLOGY
Channel Network
The Laguna mainstem channel was relatively shallow and narrow throughout much of the study area 
historically. In many places, the Laguna flowed through a shallow network of sloughs that threaded 
through the wetland complex. Nineteenth and early twentieth century surveyors and observers noted 
the poorly defined nature of the Laguna channel in a number of locations throughout the study area. For 
example, just south of present-day Highway 12, GLO surveyor Thomas Whitacre described the Laguna 
mainstem as a “swale” just over 30 feet wide, suggesting that it was quite shallow (Whitacre 1853; Fig. 
6). Sarepta Ann Turner Ross, an early pioneer whose family came west in a wagon train and moved to 
Sebastopol in 1854, recalled that near the present-day Occidental Road crossing “there were no channels, 
and the water spread out for quite a long distance” (Ross 1914). The lack of a channel in this location 
necessitated the construction of a “squatter’s bridge” made by “[hauling in] logs until they could cross 
over without getting stuck in the mud” (Fig. 7). In some areas the mainstem channel may have been more 
well-defined, though still relatively shallow: just north of the confluence with Irwin Creek, for instance, GLO 
surveyor Seth Millington described the mainstem as “a channel about 3 feet deep” (Millington 1865).

Fig. 6. (right) 1907 Petaluma & Santa Rosa Railway map showing narrow “main channel” of Laguna under HWY 12, set within the broader 
wetland complex. Calder Creek is shown flowing into the Laguna from the west. (P&SRR Co. 1907, courtesy of Sonoma County Library)

Fig. 7. (left) “Squatters bridge,” 1859. The absence of a defined channel near the present-day Occidental Road crossing necessitated the 
construction of an informal crossing made of logs to avoid getting stuck in the broad, muddy wetland complex. (Tracy 1859b, courtesy of 
The Bancroft Library, UC Berkeley)
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Numerous tributaries flowed into the Laguna wetland complex from both the Santa Rosa Plain to the 
east and the hills of the Wilson Grove Formation to the west. All of the larger tributaries, including Santa 
Rosa, Irwin, Duer, Gravenstein, and Roseland creeks, drained off of the Santa Rosa Plain. The floodplains 
surrounding the lower reaches of these creeks supported seasonal wetlands such as wet meadow, as 
well as limited areas of perennial freshwater marsh and mixed riparian forest.

Santa Rosa Creek, which originates in the Mayacamas Mountains east of Santa Rosa, is the largest 
tributary to the Laguna. During the mid-19th century the mainstem connected with the Laguna just 
south of present-day Guerneville Road, though the Santa Rosa Creek channel would likely have shifted 
considerably across its alluvial fan on a decadal or multidecadal timescale. Many 19th-century maps 
(e.g., Tracy 1859b, U.S. Surveyor General’s Office 1866, Bowers 1867, Thompson 1877b) depict Santa 
Rosa Creek with a single channel within the study area, while early to mid-20th-century sources (e.g., 
USGS [1933-5]1942, USDA 1942) show several distinct branches or distributaries approaching the 
Laguna (Fig. 8). It is unknown whether the multiple channels shown in these sources are representative 
of earlier conditions, or whether they reflect changes in channel morphology resulting from direct 
modifications (e.g., ditching) or changes in upstream sediment and water supply. Further research 
into early land-use changes with the Santa Rosa Creek subwatershed may shed light on alterations in 
sediment supply and potential impacts on channel morphology during the 19th century.

Fig. 8. While many 19th-century 
maps depict Santa Rosa Creek’s 
confluence with the Laguna as 
a single channel (e.g., A), early- 
to mid-20th-century sources 
tend to show multiple channels 
approaching the Laguna (B). It is 
unknown whether these differing 
representations are reflective of 
changes in channel morphology 
or differences in cartography. 
(A: Thompson 1877b, courtesy of 
David Rumsey Map Collection;    
B: USGS [1933-5]1942)

A

B

1/2 mile

N



20 chapter name

Flooding and Flow Variability
Historically, the extent of inundation in the Laguna wetland complex varied dramatically throughout 
the year. During wet-season floods, shallow open water likely covered much of the mapped wetland 
area (Fig. 9). Accounts of late 19th-century floods, for instance, describe flooding between half a mile 
and several miles wide (e.g., Daily Alta California 1866, Daily Courier and Petaluma Imprint 1895 in 
Cummings 2006).

In addition to flows originating within the watershed upstream, the Laguna was also affected by 
flooding on the Russian River downstream. As a result of the Laguna’s gradual slope, floodwaters (and 
fine sediment) from the Russian River often backed up into the Laguna watershed during high flows, 
increasing the extent of flooding within the Laguna wetland complex. The substantial flood storage 
capacity within the Laguna has been shown to significantly reduce flows and flood heights on the 
Russian River downstream of the Laguna-Mark West Creek confluence (SCFCWCD 1965, Sloop et al. 
2007, Curtis et al. 2013).

By late summer, the extent of open water would once again be mostly confined to Lake Jonive, though 
small pools and shallow surface water likely persisted in other parts of the wetland complex. The lack 
of perennial surface flow, and the existence of isolated pools of standing water during the dry season, 
is reflected in a number of early descriptions of the Laguna. For instance, while surveying just north of 
Lake Jonive in February 1865, GLO surveyor Seth Millington noted, “The greater part that is covered 
with water at this time is dry at other seasons of the year” (Millington 1865). Writing of his travels 
across the Santa Rosa Plain to Bodega in September of 1810, Gabriel Moraga described “a lagoon 
and a stream with many pools of retained water [una laguna y un arroyo con muchas posas de agua 
retenida]” (apparently the Laguna mainstem); he contrasted this with “another stream with some 
running water [otro arroyo con alguna agua corriente]” (apparently Santa Rosa Creek), suggesting 
that standing water was abundant in ponds but that surface flow in the Laguna was minimal or 
nonexistent by that point in the dry season, at least in that year (Moraga 1810, Priestly 1946). 
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“ During severe Winters 
this Laguna spreads 
out and overflows a 
large portion of the 
surrounding country.” 

– Menefee 1873

Fig. 9. The Laguna complex was 
frequently inundated by wet-season 
flood events, which often covered 
much of the study area with shallow 
open water. This series of images 
depicts a series of mid-20th-century 
floods. Opposite: Flooded pastures 
near Sebastopol in 1951. Top: 
Floodwaters at Occidental and High 
School roads during the 1951 flood. 
Center: Flooding on Highway 12 
near the Laguna, ca. 1940. Bottom: 
Flooding on Santa Rosa Creek just 
upstream of the Laguna confluence, 
December 19, 1955. (Opposite: Photo 
#13266, courtesy of Western Sonoma 
County Historical Society; Top: Photo 
#13219, courtesy of Western Sonoma 
County Historical Society; Center: 
Photo #2036, courtesy of Western 
Sonoma County Historical Society; 
Bottom: C-1967-6, courtesy of 
Sonoma County Water Agency)
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Fig. 10. Early land grant maps, such as these maps from ca. 1840, show the Laguna as a series of perennial ponds or lakes. The lower map 
labels it “Laguna de Livantuligüeni”; Livantuligüeni (there are numerous spelling variants, including Livantolomi and Livancacayomi) refers 
to an Indian rancheria located just west of the Laguna (Merriam 1966, Vallejo et al. 2000). (A: USDC ca. 1840a; B: USDC ca. 1840b; both 
courtesy of The Bancroft Library, UC Berkeley)
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Moraga’s description is echoed in later accounts that describe the Laguna in this area as “a series of 
lakes” (Thompson 1877a) and “a series of ponds and wide marshes” (Watson et al. 1917). Several early 
land grant maps likewise depict the Laguna as a string of ponds (Fig. 10).

Like the Laguna mainstem, streamflow in Santa Rosa Creek and other tributaries was also highly 
seasonal. In Santa Rosa Creek, surface flow during the dry season typically did not extend to its 
confluence with the Laguna (Fig. 11): an 1889 report stated that “during the summer months 
both [Santa Rosa and Mark West creeks] are lost in the Santa Rosa plain” (The Lewis Publishing 
Company 1889). 

Springs and high groundwater levels were likely a primary source of water for many parts of the 
Laguna wetland complex during the dry season, maintaining year-round saturated soil in lower 
elevation areas and providing a source of water for perennial ponds. The earliest comprehensive 
survey of groundwater conditions in the Santa Rosa Plain and surrounding areas, completed in 1951 
(which the report describes as being prior to substantial groundwater overdraft), found that during 
the dry season “the watertable [sic] is at about the same level surface as that of the Laguna,” and that 
groundwater likely sustained high evapotranspiration rates by “reeds, tules, willows, and other water-
loving plants which flourish around the margins of the Laguna” (Cardwell 1958). In addition, the study 
found that “much ground water is discharged from the Merced formation on the western side of 
Santa Rosa Valley through springs and seeps.”

Fig. 11. Surface 
flows in Santa 
Rosa Creek, the 
largest tributary 
to the Laguna, 
did not extend to 
the Laguna con-
fluence during 
the dry season. 
This 1879 photo-
graph, looking 
towards Main 
Street Bridge 
in Santa Rosa 
(upstream of 
the study area), 
shows the dry 
bed of Santa 
Rosa Creek. 
(Annex Photo 
546, courtesy of 
Sonoma County 
Library)
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WETLAND, RIPARIAN, AND AQUATIC HABITAT TYPES

Valley Freshwater Marsh
Valley freshwater marsh occupied approximately 130 ha (310 ac) within the study area. The largest 
concentration of marsh occurred in the northern part of the study area, though several smaller 
patches existed near the confluences with Irwin Creek and Duer Creek and along the Laguna 
mainstem channel in the southern part of the study area. The marsh was semi-permanently to 
perennially flooded, and likely dominated by plants such as tule, bulrush, and cattail.

Early 19th- through early 20th-century accounts suggest that perennial, tule-dominated marshes 
were a prominent habitat type within the Laguna basin. As noted above, General Vallejo observed 
“great tulare lakes teeming with beaver” in 1833 (Vallejo et al. 2000). In the early 20th century, 
Holway (1913) noted that “a series of lagoons and tule marshes mark the channel of the sluggish 
current” between Sebastopol and Trenton. Early soil surveys also support the presence of extensive 
areas of emergent marsh. The earliest soil map of the area, completed in 1915, depicts large areas 
using the tufted “marsh” symbol (Fig. 12). This symbol is a fairly generalized indicator of wetland 
presence, and does not in itself represent direct evidence for the presence of valley freshwater marsh 
(it may also indicate other types of “swamp land”; USGS 1913). However, in conjunction with other 

Fig. 12. Soil map of the study 
area (outlined in black), 1915. 
The overall extent of freshwater 
marsh and perennial forest is 
depicted here using the tufted 
“marsh” symbol, primarily in 
areas of Yolo silty clay loam (Yc). 
(Watson et al. 1915, courtesy of 
University of Alabama)
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evidence the presence of the marsh symbol lends support to the Valley Freshwater 
Marsh classification in many areas. The accompanying soil report states, “Near 
Sebastopol [the Laguna de Santa Rosa] flows through a series of ponds and wide 
marshes” (Watson et al. 1917).

The largest area of freshwater marsh within the study area occurred north of 
Occidental Road, where it occupied approximately 100 ha (260 ac), mostly on the 
eastern side of the Laguna mainstem (Fig. 13). Early surveyors documented the 
presence of tules throughout this region (Tracy 1859a, Millington 1865), as well as 
shallow standing water (Millington 1865; Fig. 14).

1/4 mile
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“Watter [sic] arm Lagoon” 
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Fig. 13. (left) This 1859 survey plat 
of Rancho Llano de Santa Rosa 
shows valley freshwater marsh, 
depicted with a marsh symbol and 
labeled “tules,” on the east side of 
the channel in the northern part of 
the study area. On the west side 
of the channel, willow forested 
wetland (page 26), is depicted 
with a tree symbol and labeled as a 
“swamp”. (Tracy 1859b, courtesy of 
The Bancroft Library, UC Berkeley)

Fig. 14. (right) Summary of General 
Land Office survey evidence for val-
ley freshwater marsh. GLO surveys 
conducted in August 1859 and Feb-
ruary 1865 noted tules, swamp, and 
shallow open water when traversing 
the Laguna.
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Willow Forested Wetland
The northwestern side of the study area supported 
an extensive willow forested wetland which occupied 
approximately 120 ha (300 ac). This wetland type was 
dominated by willows, with tules, Oregon ash, and other 
species also present. Though less permanently flooded than 
the valley freshwater marsh to the east, the low gradient and 
lack of defined channels through this area resulted in frequent 
(seasonal to semi-permanent) shallow flooding. On its 
southern end, the willow forested wetland graded into mixed 
riparian forest; the boundary between these two habitat types 
was difficult to determine precisely, and it was delineated 
primarily based on proximity to Lake Jonive (see page 27).

The willow forested wetland is depicted in early sources as 
a forested riparian wetland area, and was often described 
by early surveyors as a “swamp” (Fig. 15; see also Fig. 13 on 
page 25; Tracy 1859b, Martin and Eliason 1861b, Millington 
1865, Mueller 1921). While historical sources support the 
general east-west separation in the distribution of willow 
forested wetland and valley freshwater marsh (e.g., Tracy 
1859b, USDA 1942), in reality there was likely a substantial 
degree of heterogeneity between these two wetland types 
resulting from local differences in topography and hydrology. 
For instance, while traveling west across the Laguna just north 
of the Irwin Creek confluence in February 1865, GLO surveyor 
Seth Millington noted, “The line through the Lagoon is mostly 
covered with a growth of willow and ash timber interspersed 
with tule,” suggesting considerable intermixing between 
habitat types (Millington 1865).

Willow forested wetland is visible in the 1942 aerial photos as 
a densely forested expanse (Fig. 16). Although early to mid-
20th-century habitat patterns were not explicitly analyzed in 
this study, it appears that by 1942 this wetland type may have 
become substantially more extensive than it was during the 
mid-19th century, perhaps as a result of ditching and draining 
that had occurred by this time, reducing the frequency of 
inundation. Significant areas mapped as valley freshwater 
marsh appear to have converted to willow forested wetland 
by the mid-20th century.

Fig. 15. (top) This 1921 subdivision map, which covers only the southern 
part of the willow forested wetland, labels it as “willow swamp land.” 
(Mueller 1921, courtesy of Sonoma County Recorder)

Fig. 16. (bottom) Willow forested wetland appears to have expanded 
considerably by the time the 1942 aerial photos were taken. (USDA 1942)
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Perennial Freshwater Lake/Pond
One of the central features within the study area was a deep, perennial freshwater lake known as 
Lake Jonive. Located east of present-day Sebastopol, this elongate lake extended from just north of 
present-day Highway 12 to present-day Occidental Road, approximately 3 km (2 mi) north. The lake 
was a popular boating and swimming destination during the late 19th and early 20th centuries, as 
documented in numerous landscape photographs from the period (Fig. 17).

Lake Jonive was fairly narrow, ranging from approximately 40–80 m (150–250 ft) wide (Tracy 1859b, 
Dyer 1861, Millington 1865, The Sebastopol Times 1903b). However, compared with other parts of the 
Laguna wetland complex, which were typically quite shallow, Lake Jonive was relatively deep in areas. 
After taking soundings of the lake in the early 1900s, a group of high school students from Sebastopol 
reported:

“Beginning at the south end, in a narrow slough, we found the first depth to be 5 ½ feet. At the 
place where the slough broadened into the larger part the depth was 9 feet. In 100 yards’ distance 
the depth increased gradually to 23 feet… The greatest depth was 23 ½ feet.” –Holway 1913
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Fig. 17. Boating 
on Lake Jonive, 
ca. 1907. The 
lake was a popu-
lar swimming 
and boating 
destination dur-
ing the late 19th 
and early 20th 
centuries. (CHS-
45682, courtesy 
of USC Libraries, 
California His-
torical Society 
Collection)
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Lake Jonive was bordered by a mixed riparian forest dominated by oaks and willows (see page 30). 
Landscape photographs from the late 19th and early 20th centuries also appear to show a narrow 
band of tules around the margins of the lake (not mapped separately; Fig. 18).

While conclusive evidence for other perennial ponds within the study area was not found, it is likely 
that a number of other small, shallow open water features existed in depressions within perennial 
wetlands such as valley freshwater marsh. Several other perennial freshwater lakes existed within 
the Laguna wetland complex outside of the study area, most notably Ballard Lake, located north of 
Guerneville Road (Watson et al. 1915, Heintz 1990, Denner 2002, Cummings 2004). In the early 20th 
century, Holway (1913) reported that Ballard Lake was approximately 0.4 km (0.25 mi) long, 75 m 
(250 ft) wide, and up to 7.5 m (25 ft) deep.

Fig. 18. Though relatively narrow, Lake Jonive extended along the valley for approximately 3 km (2 mi) and reached a maximum depth 
of just over 7 m (23 ft). As shown in these early 20th-century photographs, the lake was bordered by tules and a mixed riparian forest 
dominated by oaks and willows. (Above: Photo #2027, courtesy of Western Sonoma County Historical Society; Opposite, top: Photo #1376, 
courtesy of Laguna de Santa Rosa Foundation; Opposite, bottom: Photo #2028, courtesy of Western Sonoma County Historical Society)
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“ From the clear waters of [Lake Jonive] have been caught salmon-trout that filled the 
sportsman’s heart with joy.” 

–The Sebastopol Times 1903a
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Mixed Riparian Forest
Mixed riparian forest, dominated by oaks and willows, occupied 70 ha (180 ac) 
within the study area. This habitat type occurred primarily along the margins of 
Lake Jonive, where it covered approximately 60 ha (150 ac) and varied in width from 
less than 10 m to over 350 m (30–1,150 ft; Fig. 19). Turn-of-the-century newspaper 
articles described the lake as “bordered by a heavy growth of oak” and as “bordered 
with oaks, willows, etc” (The Sebastopol Times 1903a, 1903b; see also Fig. 18 
on pages 28-29). Oregon ash and boxelder were also likely present within these 
riparian areas (Figueroa 1834, Millington 1865, Shelton 1911, Howell 1951, Waaland 
1989). By the time the earliest aerial photos were taken in 1942, portions of the 
forest had already been cleared, but remnants are still visible (USDA 1942; Fig. 20A). 

At its upstream end, just south of Lake Jonive, the riparian forest assumed a 
lower growth form dominated by smaller trees and shrubs: GLO surveyor Thomas 
Whitacre described the forest in this area as a “dense brushy thicket” (Whitacre 
1853; Fig. 21 and Fig. 22). Small patches of riparian forest also occurred near the 
Laguna mainstem channel in the southern part of the study area.

Conclusive historical evidence for extensive riparian forests along tributaries within 
the study area was not found, though tributaries like Santa Rosa Creek and Irwin 
Creek appear to have supported small patches or narrow corridors of mixed riparian 
forest (Fig. 20B,C). For example, the 1942 aerial photos show narrow bands of trees 
bordering the Santa Rosa Creek channels, though much of the surrounding area was 
under cultivation by that time and it is possible that substantial numbers of riparian 
trees had already been removed. Most parts of the riparian corridor along Santa 
Rosa Creek visible in the 1942 aerial photos are between 10–30 m (30–100 ft) in 
width, though a corridor up to 60 m (200 ft) wide is visible just upstream of the 
confluence with the Laguna, perhaps representing a remnant of a more extensive 

Fig. 19. (left, top and bottom) Riparian forest along Lake Jonive, ca. 1860. These early maps 
depict riparian forest along the margins of Lake Jonive. (Top: Tracy 1859b, courtesy of The Bancroft 
Library, UC Berkeley; Bottom: Dyer 1861, courtesy of Bureau of Land Management)

Fig. 20. (below) Details from 1942 aerial photomosaic showing patches of riparian forest along 
Lake Jonive (A) and tributaries (B,C). Lake Jonive supported a broad (10–350 m wide) riparian 
forest, while tributaries such as Santa Rosa Creek and Irwin Creek appear to have supported small 
patches or narrow corridors of forest. (USDA 1942)
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riparian forest. On the other hand, some early sources suggest an absence of broad riparian forests 
along this portion of Santa Rosa Creek. For example, while surveying within the “bottom land” of 
Santa Rosa Creek along the eastern edge of the study area in February 1865, Millington reported, “No 

Fig. 21. (top) This ca. 1905 image of the Petaluma and Santa Rosa Railway trestle over the Laguna shows the riparian 
forest south of Lake Jonive, where it was dominated by smaller trees and shrubs. (Photo #6861, courtesy of Western 
Sonoma County Historical Society)

Fig. 22. (bottom) Panorama of Sebastopol looking eastward across the Santa Rosa Plain, 1905. Riparian forest 
marking the course of the Laguna is visible in the background at the top right of the image. (Photo #3462, courtesy of 
Western Sonoma County Historical Society)
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tree near for bearings.” A short distance upstream he again noted, “Very little timber. Ash and white 
oak” (Millington 1865). It appears likely that much of the floodplain along Santa Rosa Creek within the 
study area was dominated by seasonal wet meadow rather than riparian forest (see page 32).

Wet Meadow
Wet meadow was prevalent throughout the study area historically, covering 470 ha (1,170 ac). This 
habitat type occupied temporarily or seasonally flooded floodplain areas adjacent to the perennial 
wetlands and riparian habitats in the center of the Laguna wetland complex. Wet meadows were 
characterized by poorly drained, clay-rich soils and an herbaceous plant community likely composed 
of a mix of grasses, rushes, and forbs.

Early maps and textual accounts often do not document or describe seasonal wetlands like wet 
meadow, likely as a result of their variable and somewhat ephemeral nature. As a result, the evidence 
for wet meadows within the Laguna wetland complex is much more limited than for other wetland 
types. Many of the areas mapped as wet meadow correspond approximately to areas mapped as 
Dublin Clay Adobe by the 1915 soil survey (Watson et al. 1915; see Fig. 12 on page 24). Dublin Clay 
Adobe is described as having “incomplete” drainage (Watson et al. 1917). There is also evidence for 
wet meadows from the 1942 aerials in the form of darker patches in areas with herbaceous cover, 
which are often a signature of wetter conditions and poor drainage (Fig. 23).

Fig. 23. Wet meadow, 1942. This detail from the historical aerial photomosaic east of the Laguna (just north of Irwin 
Creek) shows the dark patches often characteristic of wetter conditions and poor drainage. (USDA 1942)

1/8 mile
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Fig. 24. Scattered oaks and vernal pools near Gravenstein Creek, 1942. (USDA 1942)

1/8 mile

Oak Savanna/Vernal Pool Complex
Slightly higher-elevation areas surrounding the wet meadow supported oak savanna/vernal pool 
complex (Fig. 24). This habitat type was dominated by a sparse cover of oak trees (mostly valley oak) 
intermixed with an array of vernal pools within a grassland matrix. Previous analyses (e.g., Waaland 
1989, Waaland 1990, Butkus 2011b), along with evidence from historical soil surveys, aerial photos 
(Fig. 25), and other archival sources, suggest that oak savanna/vernal pool complex historically 
occupied large areas of the Santa Rosa Plain east of (and contiguous with) the study area. The 
mapped area thus represents a small fraction of a much more extensive oak savanna/vernal pool 
complex within the region historically.

Oak savanna/vernal pool complex largely occurred on areas shown as Madera Loam in the 1915 soil 
map (Watson et al. 1915; see Fig. 12 on page 24), which was characterized by mounded topography 
and an impermeable subsoil layer—features often associated with vernal pool formation. The 
accompanying soil report (Watson et al. 1917) describes Madera Loam as follows: 

“The surface is usually uneven, as the result of the occurrence of numerous small mounds and 
intervening depressions. These retain water during the rainy season, owing to the impervious 
subsoil and hardpan… The original growth on this soil consisted of grasses and scattered valley 
oaks.”

Numerous surveyors recorded the presence of “white oaks” (valley oaks), black oaks, and “scattering 
oak timber” on the eastern side of the study area (Fig. 26; Whitacre 1853, Gray 1857, Millington 
1865). In contrast, vernal pool complexes, like wet meadow and other seasonal wetland types, were 
generally not mentioned in early surveys.

N
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Fig. 25. Vernal pool/
swale complexes 
on the Santa Rosa 
Plain. Scattered oak 
trees are also visible. 
(top) Near Arlington 
Avenue and Scenic 
Avenue, February 
26, 1966. (bottom) 
Near Ludwig Avenue 
and Stony Point 
Road, February 26, 
1966. (Top: Negative 
#321-23; Bottom: 
Negative #321-20; 
both courtesy of So-
noma County Water 
Agency)
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Fig. 26. Summary of county and General Land Office survey 
evidence for oak lands in the study area. The surveys, con-
ducted between 1853 and 1865, describe valley oaks and 
black oaks on the plain east of the Laguna.

Channel

Slough

Perennial Freshwater Lake/Pond

Mixed Riparian Forest

Willow Forested Wetland

Valley Freshwater Marsh

Wet Meadow

Oak Savanna/Vernal Pool Complex

“White oak”  
(Gray 1857) “White oak[s]”  

(Millington 1865)

“White oak[s]”  
(Millington 1865)

“White and black oak”  
(Millington 1865)

“Scattering oak timber”  
(Whitacre 1853)

“Dead oak”  
(Martin and Eliason 1861a)

“The grand old 
oaks, with their 
dark green foliage, 
stand scatteringly 
all through the town 
[Santa Rosa], over 
the plains, on the 
slopes and the hill 
tops, and impart 
a pleasing and 
peaceful aspect to 
the scenery.” 

– Daily Alta 

California 1872
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OVERVIEW OF LAND USE CHANGES
The Laguna region is believed to have been inhabited by humans for at least the past 7,000 years 
(Origer and Frederickson 1980), though there is unpublished evidence indicating possible human 
presence far earlier (T. Origer pers. comm.). At the time of earliest European contact, a number of 
Pomo villages were located near the Laguna, which provided a productive resource for food and 
materials for these communities  (Fig. 27; Barrett 1908b, Kroeber 1925, Origer and Frederickson 
1980, Fredrickson and Markwyn 1990). The Pomo actively managed the landscape in a number of 
ways, including using fire to alter vegetation cover and harvesting tules for canoes, baskets, and 
huts (Fig. 28; Anderson 2005, T. Origer pers. comm.). While the precise scale and effects of Native 
land management practices are open to debate, these activities undoubtedly helped to shape the 
landscape encountered by Euro-American settlers in the early 1800s.

Notable landscape and ecosystem changes in the early 1800s resulted from extensive hunting and 
trapping efforts led by the Russian-American Company, the Hudson’s Bay Company, and others. 
Ranching, cattle grazing, and wheat farming were introduced in the mid-1800s on Mexican Ranchos 
such as Llano de Santa Rosa, Cabeza de Santa Rosa, and El Molino, and intensified as a result of 
accelerating population growth and settlement following the Gold Rush (Alley, Bowen & Co., Publishers 
1880; Davis 1889; Gregory 1911; Sloop et al. 2007). An official report from the early 1860s stated that of 
the approximately 48,000 acres of cultivated land in Sonoma County at the time, a little over half was 
wheat and hay, with barley, oats, potatoes, and corn composing the majority of the remainder (Sonoma 
County Democrat 1863). Impacts from cattle ranching and grain farming during this era may have 
encouraged the conversion of native grasslands and forblands to grasslands dominated by non-native 
species and resulted in increased runoff and erosion from soil compaction (PWA 2004b). In addition, 
large numbers of oaks were girdled and felled to clear land for wheat cultivation and produce charcoal 
and firewood (Fig. 29; Taylor 1862, Waaland 1990, PWA 2004a).

Fig. 27. A number of Pomo villages were situated around the Laguna de Santa Rosa, as illustrated by this 1908 linguistic map of Pomo terri-
tory. (Barrett 1908a, courtesy of The Bancroft Library, UC Berkeley)



38 chapter name



39historical ecology and landscape change in the central laguna de santa rosa

Fig. 28. Pomo residents of Lake County. These images, taken by Edward Curtis in 1924, show Pomo inhabitants harvesting tules (top) and 
the use of tules for a variety of purposes such as constructing huts (opposite) and canoes (bottom). Though in many cases representing 
“contrived reconstructions rather than true documentation” (Northwestern University Digital Library Collections 2003), Curtis’ photo-
graphs nonetheless serve to illustrate some of the traditional land uses and cultural practices of the Pomo. (Photo digital IDs: cp14008, 
cp14010, cp14018; courtesy of Charles Deering McCormick Library of Special Collections, Northwestern University)
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Fig. 29. (above) Hauling charcoal near the Laguna de Santa Rosa, ca. 1880. Large quantities of oaks were felled to clear land for ranching 
and farming and used to produce charcoal and firewood. (Photo #2026, courtesy of Western Sonoma County Historical Society)

“ As we got out of the shabby little village of Santa Rosa… It was melancholy to see how 
wantonly the most beautiful trees in the world had been destroyed; for the world has never 
seen such oaks as grow in the Russian River Valley. The fields of girdled and blackened 
skeletons seemed doubly hideous by contrast with the glory of the surviving trees.” 

– Taylor 1862
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The cultivation of orchards, vineyards, and row crops became widespread by the late 1800s, an 
endeavor that was made economical in large part by the arrival of the Northwestern Pacific Railroad 
in the 1870s (Watson et al. 1917). On a trip to the region in 1880, W.S. Walker described “immense 
stack-yards of Wheat, Oats and Barley; orchards groaning under their delicious burdens… Apples, 
Peaches, Pears, Plums, Figs, and Grapes abound, and Vegetables of every description are successfully 
grown” (Walker 1880). Near the Laguna, farmers took advantage of the fertile “bottomlands” and 
access to water to grow crops such as barley, oats, grapes, and hops (Pacific Rural Press 1874, Pacific 
Rural Press 1882); flood tolerant crops such as barley and oats occupied large areas of low elevation 
land that formerly supported seasonal wetlands (Pacific Rural Press 1880b, Watson et al. 1917, USDA 
1942, Verhoeven and Setter 2010). Dairy production was also widespread along the margins of the 
Laguna and elsewhere on the Santa Rosa Plain in the late 19th and early 20th centuries (Fig. 30; 
Pacific Rural Press 1876, Pacific Rural Press 1880a, Watson et al. 1917, Cummings 2003a). Beginning 
in the 1940s and 1950s, much of the agricultural land in the region was developed to accommodate 
the region’s increasing population (PWA 2004).

In addition to changes in land cover, each land-use era brought with it attendant changes to the 
hydrology and water resources of the Laguna. While irrigated agriculture was relatively uncommon in 
the region until the mid-20th century (Thompson 1884, Gregory 1911, Cummings 2003b), some surface 
diversions commenced as early as the late 19th century; for example, diversions from Santa Rosa Creek 
began in 1873 with the completion of Santa Rosa Water Works (Thompson 1877a). In contrast, by the 
mid-20th century, urban runoff and wastewater discharge were substantially augmenting dry season 
flows in the Laguna (Tancreto and River 1987, Waaland 1989, Cummings 2003b).

Fig. 30. (below) This ca. 1910 image shows the farm house of John A. and Barbara Ellen Brown, located on the eastern 
side of Sebastopol. The Laguna is visible in the background on the right side of the photo. The Browns owned 1,400 
acres near the Laguna, which they leased to dairy farmers (Cummings 2003a). (Photo #2045, courtesy of Western 
Sonoma County Historical Society)
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Fig. 31. Historical (ca. 1850) 
synthesis mapping was adjusted 
for the change analysis in order 
to make it more comparable with 
modern habitat classifications. 
Willow Forested Wetland and 
Mixed Riparian Forest were 
combined into Forested Wetland 
and Riparian Forest/Scrub, 
and Oak Savanna/Vernal Pool 
Complex was omitted from the 
change analysis.
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N

1/2 mile
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Storage Pond
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Fig. 32. Contemporary (ca. 2015) 
wetland, riparian, and aquatic 
habitat types and drainage 
network (see Table 3 on page 12 
for crosswalk between historical 
habitat types and modern 
classifications).
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CHANGES IN HABITAT EXTENT AND DISTRIBUTION
Comparison of the historical (ca. 1850) and modern (ca. 2015) habitat type maps shows many of 
the dramatic changes that have occurred over the past century and a half (Figs. 31 and 32). These 
changes include habitat loss, conversion to other habitat types, and establishment of habitat types 
that did not exist historically. Fig. 33 summarizes changes in the extent of wetland, riparian, and 
aquatic habitat types within the study area.

Overall, there has been an approximately 47% loss of wetland, riparian, and aquatic habitat area 
within the study area (not including vernal pool complex). Among wetland and riparian habitat types 
only (excluding aquatic habitats), the loss is approximately 67%. All habitat types included in the 
change analysis have declined in area, including 26% loss of perennial freshwater lake/pond, 54% 
loss of forested wetland and riparian forest/scrub, 63% loss of valley freshwater marsh, and 73% 
loss of wet meadow. A visual inspection of the land cover data suggests that much of the lost habitat 
within the study area has been replaced with pastureland or cultivated areas. Declining groundwater 
levels in the late 20th century (Nishikawa et al. 2013) may have also contributed to wetland loss in 
some areas.

Fig. 33. Changes in extent of wetland, riparian, and 
aquatic habitat types. Overall, approximately half (47%) 
of total wetland, riparian, and aquatic habitat area has 
been lost within the study area.
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One of the most notable changes is the loss of much of the broad riparian forest around Lake 
Jonive. Though a narrow riparian corridor still exists and provides valuable habitat and other 
ecological services, it is much narrower than the 10–350 m (30–1,150 ft) wide riparian buffer that 
historically surrounded the lake. The loss of riparian forest area would indicate that the remaining 
forest likely has a lower capacity to assimilate nutrients and other inputs from surrounding dairies 
and farms (see page 50). Lake Jonive itself has decreased in size by approximately 50% (from 
~27 ha [66 ac] to ~14 ha [34 ac]), and is shallower today that it was during the mid-19th century 
(Butkus 2011a). 

To the north of Lake Jonive, the large areas of valley freshwater marsh and willow forested 
wetland that existed historically have largely been converted to novel habitat types, including open 
water/aquatic vegetation (largely dominated by invasive Ludwigia) and open water/agriculture. 
This conversion has been driven in part by sediment accumulation: an analysis by PWA (2004b) 
estimated that up to 2 feet of sediment has accumulated between Occidental Road and the Santa 
Rosa Creek Flood Channel since the 1950s. Along with increased rates of sediment delivery from 
Santa Rosa Creek, Mark West Creek, and other tributaries (see below), dikes and berms constructed 
through the wetland restrict drainage and maintain shallowly flooded conditions throughout 
much of the year, favoring the establishment of aquatic vegetation over emergent marsh and 
forested wetland. Several small patches of emergent marsh, classified as Valley Freshwater Marsh/
Managed, remain around the confluence with Irwin Creek and in the northwestern corner of the 
study area just south of Guerneville Road (a corridor of valley freshwater marsh/managed also 
remains in the southern part of the study area, around the confluence with Gravenstein Creek), but 
these marshes appear to be highly modified and likely do not provide the same ecological functions 
provided by the large freshwater marsh areas historically. Several patches of forested wetland 
have also persisted in the north and northwestern parts of the study area where the large willow 
forested wetland existed historically, but the hydrology and function of these wetlands has been 
significantly modified as well.

Though nearly three-quarters of its historical acreage has been lost, wet meadow has persisted in 
a number of areas throughout the study area, particularly in the south around the confluence with 
Gravenstein Creek, near the confluence of Duer Creek east of Lake Jonive, and around the Occidental 
Road crossing and the confluence with Irwin Creek. The largest patch of historical wet meadow, 
on the northeastern side of the study area, has been all but eliminated, as have large areas of wet 
meadow around Lake Jonive. The Delta Pond, a storage pond for treated wastewater, now occupies 
a large area of the floodplain near the confluence with Santa Rosa Creek that was historically 
dominated by wet meadow.

The loss and fragmentation of habitats in the Laguna has played a major role in the decrease in 
species support functions and biodiversity over time. Some species, such as Western yellow-billed 
cuckoo, have been extirpated from the region entirely, while others, such as coho salmon, California 
tiger salamander, and California freshwater shrimp, have been extirpated from portions of their 
historical range or have experienced severe declines in population size associated with loss of suitable 
habitat (Laguna Technical Advisory Committee 1989, USFWS 1998, Santa Rosa Plain Conservation 
Strategy Team 2005, Honton and Sears 2006, Sloop et al. 2007).
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CHANGES IN THE CHANNEL NETWORK
In addition to changes in habitat extent and distribution, the configuration of the channel network 
within the study area has also been substantially modified over the past 150 years (Fig. 34).

Substantial portions of the channel network, including both the Laguna mainstem and tributaries, 
have been straightened and channelized in order to increase the efficiency of drainage and control 
flooding. These activities were carried out as part of the Central Sonoma Watershed Project (a 
joint effort between the Sonoma County Flood Control and Water Conservation District, the Santa 
Rosa Soil Conservation District, and the USDA Soil Conservation Service) which was created in 
1958 in response to catastrophic flooding in the mid-20th century (Santa Rosa Soil Conservation 
District et al. 1958, Beach 2002, PWA 2004a). The existing flood control channel along Santa 
Rosa Creek was constructed during the 1960s (Fig. 35). Along the Laguna mainstem, an 
approximately 13 km (8 mi) reach from Occidental Road to a point about 1.6 km (1 mi) downstream 
of Guerneville Road was channelized in 1966 (Beach 2002, PWA 2004a, Cummings 2004). Where 
streams have been confined by artificial levees (such as along Santa Rosa Creek), the channels 
have been disconnected from their surrounding floodplains, altering hydrologic patterns and 
habitat conditions (Waaland 1989).

Several transportation corridors, including Guerneville Road, Occidental Road, Highway 12, and the 
Joe Rodota Trail (the former Petaluma and Santa Rosa Railway right-of-way) cross over the mainstem 
Laguna channel within the study area. Bridges on these corridors constrict the Laguna channel/
floodplain and impede the movement of water and sediment downstream, likely resulting in increased 
sediment deposition within the Laguna channel and contributing to flooding upstream of the bridges.

The modifications to the channel network have a number of implications for water and sediment 
dynamics, nutrient transport, capacity to support wetland habitats, and aquatic habitat quality, 
among other factors. For example, sediment deposition from tributaries was historically dispersed 
throughout much of the wetland complex through a network of sloughs and distributary channels; 
today, in a number of areas, flows and sediment loads are concentrated in artificially straightened 
channels, leading to higher flow velocity and higher sediment input to the Laguna mainstem (Sloop et 
al. 2007, TetraTech 2015b). Increased sediment deposition within the study area, and particularly at 
the mouth of Santa Rosa Creek, has resulted in decreased flood storage capacity and contributed to 
the conversion to aquatic habitat (PWA 2004b, Curtis et al. 2013, TetraTech 2015b).

The decrease in flood storage (and hence the increase in flood risk) has been exacerbated by changes 
in the alignment of Mark West Creek, which connects with the Laguna mainstem approximately 1 
km (0.7 mi) north of Guerneville Road (PWA 2004a, Winzler & Kelly-GHD 2012). Historically, lower 
Mark West Creek flowed northwest to connect with the Laguna approximately 0.75 km (0.5 mi) 
north of present-day River Road. Over the past 150 years, a series of channel modifications shifted 
the Laguna-Mark West Creek confluence approximately 3.2 km (2 mi) south. As a result, much of the 
sediment brought down by Mark West Creek during high flows is deposited in or near the Laguna 
just north of the study area, which contributes to flooding and other problems upstream (Fig. 36; 
Baumgarten et al. 2014a).
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Fig. 34. Historical (blue) and modern 
(white) channel networks. Substantial 
portions of the channel network have 
been straightened and channelized 
in order to increase the efficiency of 
drainage and control flooding.

Santa Rosa Creek
Guerneville Rd

Gravenstein Hwy N

Occidental Rd

Sebastopol

CA-12

Irwin Creek

Duer Creek

Lake Jonive

Gravenstein Creek
N

1/2 mile



48 chapter name

Fig. 35. Construction of the Santa Rosa 
Creek Flood Control Channel (bottom) 
in 1964, and completed channel (top) 
in 1967 looking west towards Laguna. 
(Top: Print no. 0-3, Location = “Wendell 
Prop”; Bottom: Photo #999, “Unit No. 
2 Santa Rosa Creek Channel Lower 
Channel 3 construction”; both courtesy of 
Sonoma County Water Agency)

Fig. 36. (opposite) Change over time 
in the alignment of Mark West Creek, 
1850-2012, north of the study area. 
A series of shifts intended to control 
flooding and sediment deposition have 
moved Mark West Creek’s confluence 
with the Laguna approximately 3.2 km 
(2 mi) south of its historical location. 
(from Baumgarten et al. 2014a) 
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CHANGES IN ASSIMILATIVE CAPACITY
Historical changes to the drainage network, along with changes in wetland extent and distribution, 
have cumulatively had major implications for water quality in the Laguna. This is particularly 
true given the broader land use changes that have occurred within the watershed, such as the 
establishment of dairies and other agricultural enterprises and the discharge of treated wastewater, 
which have increased external nutrient loading rates to the Laguna (Morris 1995).1 Butkus (2013) 
estimates that nitrogen and phosphorus inputs to the Laguna are 4–6 times higher today than they 
were during the pre-settlement era. Increased nutrient loading has significantly impacted habitat 
quality, and, along with hydrologic changes, the increased nutrient availability (and in particular, the 
elevated levels of phosphorus) is likely a primary factor driving the invasion by Ludwigia (Fig. 37) and 
other non-native aquatic plants (Baye 2008, Fitzgerald 2013, TetraTech 2015a).

As water and nutrients move through a wetland, some of those nutrients may be sequestered in the 
soil or released into the atmosphere. Under anaerobic conditions (which are the norm in wetlands), 
transformation of organic nitrogen, ammonium, and nitrate may ultimately result in denitrification 
and loss of gaseous nitrogen to the atmosphere (Mitsch and Gosselink 1993). Phosphorus can be 
adsorbed onto clays and other minerals and therefore made unavailable for plant uptake, although 
these reactions are reversible (Sanyal and De Datta 1991). Both nitrogen and phosphorus are also 

1   Internal nutrient sources, representing legacy contamination from past land uses, also contribute significantly to 
nutrient loads to the Laguna, but are not addressed in this analysis (TetraTech 2015a, D. Kuszmar pers. comm.).

Fig. 37. The spread of invasive Ludwigia over 
large areas of the Laguna has been driven in part 
by increased nutrient loads, along with changes 
in hydrology and sediment dynamics (Tetratech 
2015a). Ludwigia is visible in the Laguna between 
Occidental Road and Guerneville Road in this 2006 
photograph. (Photo by Julian Meisler, 2006, courtesy 
of Laguna de Santa Rosa Foundation) 
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assimilated into plant biomass, though for the most part this only immobilizes them temporarily (a 
small fraction of the nutrients stored in plant biomass may be immobilized more permanently through 
the accumulation of dead vegetation and development of organic soils; Nichols 1983).

The assimilative capacity of a wetland (its ability to remove or filter nutrient loads) depends on a number 
of factors, including wetland type. Because they maintain anaerobic conditions throughout the year, 
perennial wetlands are generally understood to remove a greater proportion of nitrogen than seasonal 
wetlands. However, anaerobic conditions increase the solubility of phosphorus, and can thus reduce 
phosphorus retention within the soil (Uusi-Kämppä et al. 2001). Thus, different types of wetlands may 
be maximally effective at assimilating either nitrogen or phosphorus: wetlands that are permanently 
flooded or have a perennially high water table (such as valley freshwater marsh) will tend to promote 
higher rates of denitrification, while drier wetlands or riparian habitat types that are only temporarily 
or seasonally flooded likely promote greater phosphorus retention (Haycock et al. 2001, Fisher and 
Acreman 2004, Hefting et al. 2004).

In general, the larger the area of the wetland, and the slower the water moves through it (i.e., the 
greater the residence time), the greater the proportion of nutrients that will be removed (Richardson 
and Qian 1999, Knox et al. 2008). In systems where floodplains are intact and connected to the 
channels, water and nutrients will spread out across the floodplain, slowing flow velocities and 
increasing residence time (Knox et al. 2008). In addition, the rate at which nutrients are removed 
depends on the concentration of nutrient inputs (the efficiency of removal tends to be higher for 
lower nutrient loading rates), soil type (e.g., soils with high concentrations of organic matter may 
have greater capacity to remove nitrogen), soil pH (the rate of denitrification is more rapid in neutral 
or alkaline soils), temperature, and season (Nichols 1983, Mitsch and Gosselink 1993, Fisher and 
Acreman 2004).

Figs. 38 and 39 present a conceptual model of how the assimilative capacity of the central Laguna 
wetland complex has changed over the past 150 years, as well as potential changes in the future 
resulting from wetland restoration. Historically, there was a relatively small nutrient load entering 
the system.2 This load moved slowly through large wetland complexes, which presumably removed 
a large portion of the nutrients, resulting in a very small load exiting the system. Today, external 
nutrient inputs are much higher than they were historically (resident/internal nutrient loads are also 
significant), and there is much less wetland area to remove nutrients. Channelization of portions 
of the Laguna mainstem and tributaries has decreased floodplain connectivity and the degree of 
channel-wetland interaction, and has also likely resulted in more rapid flow through the system in 
some areas (shorter residence time). As a result, the assimilative capacity of the system is much lower 
today than it was historically, and there is a much higher nutrient load exiting the system (Butkus 
2013). Although a restoration feasibility analysis was not conducted as part of this study, examination 
of the historical wetland distribution, as well as preliminary exploration of current hydrologic 
conditions and land uses within the study area, suggests that there may be potential for wetland 
restoration to increase assimilative capacity in a number of locations.

2   While the historical nutrient load was small compared with modern loading rates, the Laguna was likely always 
a somewhat eutrophic (nutrient-rich) system. This was due in large part to its low gradient and the resulting low 
surface flow velocity, which allowed a large amount of nutrient-rich sediment and organic matter to settle out on 
the floodplain. The low flow velocity also resulted in longer residence times, however, allowing for greater nutrient 
assimilation and potentially offsetting some of the effects of the high organic matter input (Waaland 1990).
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Fig. 38. Conceptual model representing past and potential future changes in nutrient assimilative capacity within the study area. Red 
circles represent external nitrogen and phosphorus loads as they move through the system. The colored boxes represent the wetland 
and riparian habitat types most likely to contribute significantly to nutrient assimilation. There is potential to mitigate external nutrient 
loading to the central Laguna in the future, both by reducing nutrient inputs from sources, and by restoring wetlands in strategic loca-
tions to increase the assimilative capacity of the system. 
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Fig. 39. Conceptual summary of the key controls believed to be responsible for changes in assimilative capacity over time within the 
study area. Relative to modern conditions, the historical Laguna had lower nutrient inputs, greater wetland area, more floodplain con-
nectivity, and greater residence time, all of which contributed to a higher assimilative capacity of the system and lower nutrient export 
from the system.

Controls Historical (ca. 1850) Modern (ca. 2015) Future (potential)

Nutrient inputs

Wetland area

Floodplain connectivity

Residence time

Wetland interaction

Photo by Sean Baumgarten, 
January 13, 2017
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The transformations to the central Laguna de Santa Rosa, 
and to the broader Laguna watershed, over the past 150 
years have had far-reaching impacts on the physical and 
ecological functioning of the system. Where historically the 
central Laguna was an expanse of diverse wetland, riparian, 
and aquatic habitat types arranged along gradual topographic 
and hydrologic gradients, today the landscape is dominated 
by a highly managed patchwork of habitat types representing 
varying degrees of modification. While patches of relatively 
intact wetland habitats persist in many parts of the study 
area, the extent of all native habitat types has declined, and 
novel habitats dominated by invasive aquatic species now 
occupy large portions of the wetland complex. Habitat loss 
has been accompanied by extensive channelization and other 
changes to the stream network, which have substantially 
altered streamflow and sediment dynamics. The loss of native 
wetland habitats, along with changes to the channel network 
and increased nutrient inputs from the watershed, have likely 
substantially lowered the assimilative capacity of the system 
and contributed to elevated nutrient loading to surface waters.

The analysis presented here suggests that there is the potential 
to address excess nutrient loading in the Laguna in part through 
strategic restoration of native habitat types such as valley 
freshwater marsh, wet meadow, forested wetland, and riparian 
forest. Different wetland and riparian habitat types vary in 
their effectiveness at removing different nutrients, and thus 
a restoration plan aimed at reducing multiple forms of both 
nitrogen and phosphorus and maximizing total assimilative 
capacity should incorporate a portfolio of different habitats. 
Perennially flooded wetland types that maintain permanent 
anaerobic conditions would likely be more effective at removing 
nitrogen from the system, while habitat types that are 
temporarily or seasonally flooded, such as riparian forests, may 
be more appropriate for phosphorus assimilation.

The strategic restoration of wetland and riparian habitats 
within the Laguna basin, along with restoration of more natural 
hydrologic processes, could provide a number of additional 
benefits beyond water quality improvement: co-benefits sy
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may include support for native plants and wildlife, groundwater recharge, 
sediment storage, flood attenuation, and other desired outcomes. For example, 
in areas where the Laguna mainstem has been channelized (e.g., north of 
Occidental Road), restoration of surrounding wetland areas and reconnection 
of the Laguna channel with its floodplain would likely reduce in-channel 
sediment deposition and increase flood storage capacity. Where roads or other 
infrastructure artificially constrict water and sediment movement (e.g., at the 
Highway 12, Occidental Road, and Guerneville Road bridges), redesign of these 
barriers would improve hydrologic functioning and help to alleviate flooding 
and sedimentation problems. Removal of barriers and re-establishment 
of natural corridors connecting currently fragmented habitats would also 
facilitate wildlife movement and enhance the ecological resilience of the 
system to both natural and anthropogenic disturbances and stressors. 

Site-specific analysis will be needed to examine the feasibility of particular 
restoration opportunities in relation to hydrology, substrate, land ownership, 
and other factors. However, many areas within the study area that historically 
supported wetlands are currently undeveloped and are in public ownership. 
In addition, preliminary examination of current hydrologic conditions (e.g., 
groundwater levels, drainage connectivity) suggests that there may be 
opportunities for wetland restoration in a number of areas. For example, 
following declines during the 1970s–90s, groundwater levels within the Cotati 
Basin Storage Unit have substantially recovered (Nishikawa et al. 2013), and 
many areas within the central portion of the Laguna still receive groundwater 
input (CWMW 2016). 

SFEI’s historical ecology research within the Laguna watershed to date has 
been limited in geographic scope primarily to portions of the central and 
lower Laguna and surrounding wetland areas. Future research will build on 
this existing work and provide for a more holistic understanding of historical 
ecological patterns and landscape functioning throughout the Laguna. 
Beginning in mid-2017, SFEI, in collaboration with the Sonoma County 
Water Agency and the Laguna de Santa Rosa Foundation, and with funding 
from the California Department of Fish and Wildlife, will develop a historical 
reconstruction and analysis of landscape change for the full Laguna as a 
foundation for the development of a Master Restoration Plan for the Laguna 
watershed, anticipated to be completed in 2020. The Restoration Plan will 
provide a vision and a framework for future restoration efforts in the Laguna, 
and will prioritize steps that can be taken to improve the health of the 
watershed and restore lost or degraded ecological functions.
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appendix: species
m

Common Name Scientific Name
Beaver Castor canadensis

Boxelder Acer negundo
Bulrush Scirpus and Bolboschoenus spp.

California freshwater shrimp Syncaris pacifica
California tiger salamander Ambystoma californiense

Cattail Typha spp.
Coho salmon Oncorhynchus kisutch

Deer Odocoileus hemionus
Elk Cervus elaphus

Grizzly bear Ursus arctos horribilis
Ludwigia Ludwigia sp.

Oak Quercus spp.
Black oak Quercus kelloggii
Valley oak Quercus lobata

Oregon ash  Fraxinus latifolia
Pronghorn antelope Antilocapra americana

Steelhead Oncorhynchus mykiss
Tule Schoenoplectus spp.

Western yellow-billed cuckoo Coccyzus americanus 
Willow Salix spp.
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This study synthesizes a diverse 

array of data to examine the 

ecological patterns, ecosystem 

functions, and hydrology that 

characterized a central portion of 

the Laguna de Santa Rosa during 

the mid-19th century, and to 

analyze landscape changes over 

the past 150 years. The primary 

purpose of this study was to help 

guide restoration actions and 

other measures aimed at reducing 

nutrient loads within this portion 

of the Laguna de Santa Rosa 

watershed. 
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