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ABSTRACT

The salt marsh harvest mouse (SMHM, Reithrodontomys 
raviventris) is an endangered species, endemic to the 
San Francisco Estuary. Despite being protected for 
almost half a century and being included in a large 
number of recovery, restoration, and management 
plans, significant data gaps hinder conservation 
and management of the species, a challenge further 
complicated by developing threats such as climate 
change. In this review, we present the current state 
of knowledge; highlight research gaps on habitat 
requirements and distribution, taxonomic status 
and genetic structure, physiology, reproduction 

and demographics, population dynamics, and 
behavior and community interactions; and present 
an overview of threats to the species. Our review 
indicates that substantial data gaps exist; although 
some aspects of SMHM ecology, such as habitat use, 
have been addressed extensively, others, such as the 
effects of environmental contamination, are largely 
unaddressed. We suggest that conservation and 
restoration-planning processes consider experimental 
approaches within restoration designs to address 
these deficiencies. Continued investment in basic and 
applied SMHM ecology to collect baseline and long-
term data will also be beneficial. Additionally, further 
coordination among managers and researchers can 
facilitate more effective responses to uncertainties and 
emerging threats, especially climate change, which 
threatens the SMHM and its habitat throughout its 
range.
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INTRODUCTION

The salt marsh harvest mouse (SMHM, 
Reithrodontomys raviventris; Figure 1) is the only 
mammal species (and one of only five terrestrial 
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vertebrates) known to be fully restricted to coastal 
marshes (see Figure 2; Greenberg 2006). The SMHM 
is endemic to the San Francisco Estuary (the estuary; 
Figure 3), California (Fisler 1965), and comprises 
two sub-species: the northern R. r. halicoetes and 
the southern R. r. raviventris. Originally described 
as distinct species (Dixon 1908, 1909), these were 
subsequently shown to be conspecific on both 
morphological (Howell 1914) and genetic grounds 
(Statham et al. 2016). The northern sub-species is 
found in the brackish to saline marshes of San Pablo 
and Suisun bays at relatively high numbers (e.g., 

18–181 mice ha-1; Bias 1994; Sustaita et al. 2011); 
the southern sub-species occurs in the salt marshes 
of central and south San Francisco Bay (south bay 
hereafter), where populations are much smaller (e.g., 
<1–3.6 mice ha-1; Padgett–Flohr 1999; Kingma 2003; 
Basson 2009).

The SMHM is highly adapted to its marsh habitat 
(Fisler 1965), but reliance on the marshes of the 
estuary has made this species vulnerable. Since the 
mid-1800s, over 90% of tidal marshes in the estuary 
have been lost to filling and diking (Williams and 

Figure 1	 A northern salt marsh harvest mouse (Reithrodontomys raviventris halicoetes)

Figure 2	 (A) A tidal wetland dominated by pickleweed. This habitat type was long considered necessary for persistence of salt marsh 
harvest mice. (B) A diked managed wetland, with a variety of vegetation types present. This habitat type was once thought to be detrimental 
to salt marsh harvest mice, but is now known to support healthy populations of salt marsh harvest mice.
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Figure 3	 The San Francisco Bay Estuary with tidal wetlands highlighted in purple, diked and managed wetlands highlighted in orange, and 
the historical extent of tidal wetlands indicated by the solid while line. The dashed white line indicates the best current estimate of the 
division between the northern and southern subspecies of SMHM. Data sources: Esri, DigitalGlobe [accessed 2017 Feb 01]; CWMW, EcoAtlas 
[accessed 2017 Feb 01].
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Faber 2001). Amplifying the effect of this spatial 
constraint is the increasing fragmentation of remaining 
SMHM habitat (Fisler 1961). These factors led the US 
Fish and Wildlife Service (USFWS) to list the SMHM 
as endangered (Federal Register 1970); the State 
of California followed soon thereafter (see Table 1; 
CCR 1971). Since being listed, SMHM management 
and recovery has been addressed in two Recovery 
Plans (USFWS 1984, 2013) and at least nine other 
restoration and management plans for the estuary. 
Most of these documents emphasize the importance 
of habitat protection, enhancement, acquisition, 
and restoration as the primary strategies for SMHM 
recovery (see Appendix A for further detail). Despite 
the large number of threats to SMHM, and its 
incorporation into many plans, general knowledge of 

the species remains limited, and significant knowledge 
gaps hinder conservation efforts. Additionally, 
research foci have changed little throughout the years, 
resulting in some aspects of SMHM conservation 
being addressed extensively in the literature (e.g., 
habitat use: Johnson and Shellhammer 1988; Bias 
and Morrison 2006; Sustaita et al. 2011), while others 
have remained largely unexplored (e.g., effects of 
environmental contamination, but see Clark et al. 
1992).  

In this contribution, we distill current understanding 
of the biology and management of the SMHM. 
We begin by outlining the current state of 
knowledge, and highlight research gaps on habitat 
requirements and distribution, taxonomic status 

Table 1  Major recommendations to support salt marsh harvest mouse recovery criteria in the 1984 and 2013 recovery plans

SALT MARSH HARVEST MOUSE RECOVERY PLANS

1984 a 2013 b

Research and Management Recommendations

Protect select existing marshes, especially those that will create large, 
well connected habitat patches.

Protect existing, historic, and restorable tidal wetlands.

Restore diked wetlands to create pickleweed-dominated tidal marshes. Manage, restore, and monitor tidal wetlands.

Restore upland and transition zone habitats to create high tide refugia 
and to accommodate sea level rise.

Conduct range-wide species surveys and monitoring.

Perform biological research on anthropogenic actions that may affect 
water salinity, marsh floristics, and habitat suitability. Perform studies 
on the effects of sea level rise, reduced sediment input, marsh erosion, 
and marsh accretion.

Conduct research necessary for conservation and recovery such as 
demographic analyses or techniques for habitat management and 
restoration.

Perform ongoing habitat management. Improve coordination, participation, and outreach.

Recovery Criteria

Down-list to Threatened Status

Secure and manage 3,900 ha of occupied, publicly owned essential 
habitat.

Protect ~2,500 ha of habitat around the Central and south San Francisco 
Bay. 

Secure and manage 3,200 ha of occupied, privately owned essential 
habitat and/or 7,000 ha of tidal and diked baylands.

Protect ~1,800 ha of habitat around San Pablo Bay.

Protect ~1,800 ha of habitat around Suisun Bay.

Achieve 3-5% catch per unit effort during annual population surveys in a 
defined proportion of designated viable habitat areas.

Reduce and control invasive plants.

Down-list to Fully Recovered

Achieve the above and restore or enhance ~3,000 ha of essential 
habitat and complete restoration efforts on the San Francisco National 
Wildlife Refuge.

Implement the Suisun Marsh Habitat Management, Preservation, and 
Restoration Plan and the South Bay Pond Restoration Plan; develop oil 
spill response plans.

Preserve or create enough high marsh and upland habitat to 
accommodate sea level rise while meeting acreage criteria.

a. USFWS (1984).
b. USFWS (2013).
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and genetic structure, physiology, reproduction and 
demographics, population dynamics, and behavior 
and community interactions. We then present an 
overview of threats to the species, both historic 
and emerging. The primary recovery strategies for 
SMHM are habitat acquisition, enhancement, and 
protection (USFWS 2013). Via recovery and other 
planning efforts, managers are creating a habitat 
reservoir for SMHM intended to be functional now 
and into a future where sea-level rise is projected to 
inundate many US Pacific coastal wetlands, leading 
to substantial habitat loss (Thorne et al. 2018). 

HABITAT AND DISTRIBUTION

The Gold Rush during the mid- to late-19th century 
led not only to increased settlement throughout the 
estuary as San Francisco became a major port city, 
but also to ecological changes to the estuary through 
practices such as hydraulic mining and agriculture 
(Arnold 1996; Moyle et al. 2014). Consequently, 
by the time the SMHM was described (Dixon 1908, 
1909), significant changes to its habitat had already 
occurred (USFWS 2010), and it is important to 
note that SMHM currently occur in wetlands both 
“natural” (e.g., subject to tidal fluctuations) and 
managed (e.g., altered by land reclamation and 
subject to water level manipulations). The latter 
comprise a large proportion of remaining wetlands 
in the estuary (see Figure 3). The earliest description 
of the species lists the geographic distribution 
simply as “restricted to the salt marshes of the San 
Francisco Bay” (Dixon 1908:197), and for many 
decades managers generally settled on a simplified 
definition of SMHM habitat as tidal marshes 
dominated by pickleweed (Salicornia pacifica). Thus, 
the historical range of the SMHM has largely been 
inferred from maps of historic distribution of habitat 
types throughout the estuary, and, although habitat 
associations have been examined extensively, the 
only major study of modern SMHM distribution was 
restricted to the Suisun Marsh (USFWS 1981). 

Habitat Requirements

Understanding of SMHM habitat use is continuously 
evolving, and will likely continue to do so, especially 
if relationships among salinity, inundation, and 
vegetation change. The combined effect of increased 

inundation and salinity, as projected under most 
climate scenarios, can reduce plant height and the 
structure of the salt marsh-dominant pickleweed 
(Woo and Takekawa 2012), compromise the 
competitive ability of stress-sensitive plant species 
and communities (Schile et al. 2017), and lead to 
shifts in plant communities where salt-tolerant 
plants replace salt-intolerant plants at low elevations 
(Watson and Byrne 2012). Earlier research found 
that shorter vegetation and more extreme tidal 
ranges of marshes in the south bay may make these 
less suitable for SMHM (Schaub 1971; Cummings 
1975; Gilroy and Shellhammer 1980; Figure 4). The 
use of non-tidal wetland habitat types (e.g., levee 
berms) was also investigated early (Rice 1974), and 
by the 1980s it was well accepted that tidal saline 
wetlands with tall, dense pickleweed mixed with 
other halophytic species—especially fat hen (Atriplex 
prostrata) and alkali heath (Frankenia salina)—
were optimal for SMHM (Zetterquist 1977; Gilroy 
and Shellhammer 1980; Shellhammer et al. 1982; 
Takekawa et al. 2001).    

On the other hand, early trapping efforts failed to 
find mice in brackish wetlands, even with high-
density pickleweed cover (e.g., Figure 5A). Therefore, 
it was concluded that management of diked wetlands 
for waterfowl (e.g., as standing ponds during 
the hunting season) and vegetation management 
that included, but did not promote, dominance of 
pickleweed, would lead to the extirpation of SMHM 
(Shellhammer et al. 1982). However, when researchers 
began capturing SMHM outside of pickleweed stands 
in the mid-1980s, the habitat was still classified as 
“marginal” (Botti et al. 1986; Shellhammer et al. 
1988), presumably reflecting an unrecognized bias 
from earlier understanding of favored habitat. 

Habitat associations for SMHM vary both 
temporally and spatially. Captures of SMHM have 
been correlated with a range of tall-to-short and 
saline-to-less-saline pickleweed (Shellhammer et 
al. 1982, 1988; Kingma 2003; Padgett–Flohr and 
Isakson 2003), although in some cases there was no 
association at all (Basson 2009). Similarly, SMHM 
captures have been correlated with both high 
and mid-level water salinities (Zetterquist 1977; 
Shellhammer et al. 1982; Kingma 2003, Padgett–
Flohr and Isakson 2003). To an unknown extent, 
these contradictory associations could be attributed 
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Figure 4	 (A) A marsh on the San Leandro Shoreline exemplifies some characteristics of most South Bay marshes: the narrow distance 
from the marsh edge on the far top right to the hard edge on the top left, in this case a housing development; close proximity to industrial 
development, in this case a water treatment plant visible in the distance on the top middle right. (B) Vegetation in the saline South Bay 
marshes is typified by short pickleweed and medium height, non-thatch forming plants such as cordgrass,  with little structural complexity.




