Central Valley Landscape Conservation Project

Climate Change Vulnerability Assessment

Dragonflies and Damselflies
Vulnerability Assessment Summary
Overall Vulnerability Score and Components:

Vulnerability Component
Score
Sensitivity
Moderate
Exposure
Moderate
Adaptive Capacity
Moderate
Vulnerability
Low-moderate
Overall vulnerability of the dragonflies and damselflies species groups was scored as lowmoderate. The score is the result of moderate sensitivity, moderate future exposure, and
moderate adaptive capacity ratings.
Key climate factors for dragonflies and damselflies include precipitation amount and snowpack.
Precipitation and snowpack drive water availability in Odonata aquatic habitat, and declines
may affect habitat availability, egg mortality, and the relative abundance of habitat generalists
versus habitat specialists. No disturbance mechanisms were identified for this species group.
Dragonflies and damselflies exhibit a moderate degree of specialization; they are prey
generalists, but rely on aquatic habitat in the egg and larval stage, utilizing lentic and lotic areas
and irrigated agricultural land for breeding.
Key non-climate factors for dragonflies and damselflies include urban/suburban development,
pollution, and poison. These factors can degrade and alter aquatic habitat availability, affecting
Odonata recruitment and abundance. Migratory species are also affected by habitat availability
and quality outside of the study area.
Dragonfly and damselfly populations in the Central Valley are fairly stable, and this species
group exhibits moderate-high dispersal capacity due to aerial adult life stages. Urban/suburban
development and land use change act as landscape barriers, affecting Odonata dispersal by
fragmenting habitat. This species group exhibits low-moderate interspecific species diversity,
but complex life histories and documented variation in development, pigmentation, and other
factors indicates that this species group may exhibit some ability to adapt to climate change.
Habitat generalists and migratory species may be more resilient than habitat specialists and
non-migrants.
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Management potential for this species group is likely influenced by managing aquatic habitat
availability, quality, and connectivity at both landscape and local scales.
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Introduction
Description of Priority Natural Resource
Dragonflies and damselflies (hereafter referred to cumulatively as Odonata) are mobile insects
considered to be sentinel species for aquatic systems, particularly wetlands (Lunde & Resh
2011), due to aquatic egg and larval life stages. Odonata species within the Central Valley
include habitat specialists and generalists; dragonflies can be either resident or migratory, while
damselflies do not migrate (Manolis 2003; Ball-Damerow et al. 2014a).
As part of the Central Valley Landscape Conservation Project, workshop participants identified
the [PNR] as a Priority Natural Resource for the Central Valley Landscape Conservation Project
in a process that involved two steps: 1) gathering information about the species group’s
management importance as indicated by its priority in existing conservation plans and lists and,
2) a workshop with stakeholders to identify the final list of Priority Natural Resources, which
includes habitats, species groups, and species.
The rationale for choosing the dragonflies and damselflies species group as a Priority Natural
Resource included the following: the species group has high management importance, and the
species group’s conservation needs are not entirely represented within a single priority habitat.
Please see Appendix A: “Priority Natural Resource Selection Methodology” for more
information.

Vulnerability Assessment Methodology
During a two-day workshop in October of 2015, 30 experts representing 16 Central Valley
resource management organizations assessed the vulnerability of priority natural resources to
changes in climate and non-climate factors, and identified the likely resulting pressures,
stresses, and benefits (see Appendix B: “Glossary” for terms used in this report). The expert
opinions provided by these participants are referenced throughout this document with an
endnote indicating its source1. To the extent possible, scientific literature was sought out to
support expert opinion garnered at the workshop. Literature searches were conducted for
factors and resulting pressures that were rated as high or moderate-high, and all pressures,
stresses, and benefits identified in the workshop are included in this report. For more
information about the vulnerability assessment methodology, please see Appendix C:
“Vulnerability Assessment Methods and Application.” Projections of climate and non-climate
change for the region were researched and are summarized in Appendix D: “Overview of
Projected Future Changes in the California Central Valley”.
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Vulnerability Assessment Details
Climate Factors
Workshop participants scored the resource's sensitivity to climate factors and this score was
used to calculate overall sensitivity. Future exposure to climate factors was scored and the
overall exposure score used to calculate climate change vulnerability.
Climate Factor
Sensitivity Future Exposure
Extreme events: drought Moderate
Moderate
Precipitation (amount) Moderate-high
Snowpack amount
Moderate-high
Water temperature
Low
Overall Scores
Moderate
Moderate
Shifts in water availability as a result of climate change and human water demand could alter
available wetland, stream, and flooded cropland habitat used by Odonata species. For example,
Medellín-Azuara et al. (2007) project a 22-41% decrease in annual streamflow in the Central
Valley by mid-century. Similarly, excessive drying or drought could shift some permanent
wetlands to seasonal wetlands (Stromberg et al. 2010), but drought effects on wetland habitat
may be reduced or delayed in the Sacramento Valley where water resources are not as scarce
(Medellín-Azuara et al. 2007; Reiter et al. 2015). Statewide, 1% or less of the current area of
freshwater marsh will remain suitable by the end of the century, and the small areas of marsh
that are still suitable will likely occur as vegetation refugia (Thorne et al. 2016). Drought and
variable precipitation are also projected to contribute to small declines in flooded cropland
production (Jackson et al. 2009; Lee et al. 2011). Compounding climate-induced changes in
hydrology is future water demand, which is expected to increase with expanding urban and
suburban populations (Medellín-Azuara et al. 2007), placing additional stress on existing water
supplies (Kahara et al. 2012). Statewide water scarcity is projected to increase from 2% (current
gap between water needs and water delivery) to 20% by the year 2050, even taking adaptive
factors into account (Medellín-Azuara et al. 2007). Cumulatively, all of these changes are likely
to affect Odonata aquatic habitat availability.
Precipitation (amount)
Sensitivity: Moderate-high (high confidence)
Odonata require water for breeding success, and Odonata species richness and overall
occurrence is positively correlated with precipitation in California (Ball-Damerow et al. 2014b).
In general, changes in the frequency and nature of precipitation events will affect regional
hydrology and the persistence and functioning of regional wetlands (Null et al. 2012; Meyers et
al. 2010), influencing breeding habitat availability for Odonata.
Snowpack amount
Sensitivity: Moderate-high (high confidence)
5

Central Valley Landscape Conservation Project

Climate Change Vulnerability Assessment: Dragonflies and Damselflies
Snowmelt from mountainous areas surrounding the Central Valley plays a large part in water
storage and supply, releasing meltwater gradually to recharge aquifers and flow downstream
into the Central Valley (Knowles & Cayan 2002; Scanlon et al. 2012; California Rice Commission
2013). As one of the primary sources of water for irrigation and wetland management
throughout the Central Valley (Domagalski et al. 2000; Scanlon et al. 2012), reduced snowpack
could lead to summer water shortages and altered streamflow patterns (Miller et al. 2001;
Knowles & Cayan 2002; Kiparsky & Gleick 2003; Vicuna et al. 2007), impacting Odonata habitat.
Drought
Sensitivity: Moderate (moderate confidence)
Future exposure: Moderate (moderate confidence)
Over the coming century, the frequency and severity of drought is expected to increase due to
climate change (Hayhoe et al. 2004; Cook et al. 2015; Diffenbaugh et al. 2015; Williams et al.
2015), as warming temperatures exacerbate dry conditions in years with low precipitation,
causing more severe droughts than have previously been observed (Cook et al. 2015;
Diffenbaugh et al. 2015). Regardless of changes in precipitation, warmer temperatures are
expected to increase evapotranspiration and cause drier conditions (Cook et al. 2015). Recent
studies have found that anthropogenic warming has substantially increased the overall
likelihood of extreme California droughts, including decadal and multi-decadal events (Cook et
al. 2015; Diffenbaugh et al. 2015; Williams et al. 2015).
Drought periods may reduce Odonata aquatic habitat availability (Boulton 2003; Bêche et al.
2009), potentially contributing to higher dominance of migratory and habitat generalist species
relative to non-migratory and habitat specialists by affecting water permanence (Ball-Damerow
et al. 2014a). In addition, many Odonata species are vulnerable to egg and nymph desiccation
during drought periods, reducing the reproductive success of this species group (Hassall &
Thompson 2008). However, some species exhibit drought resistance; for example, the
overwintering eggs of the spotted spreadwing (Lestes congener) are desiccation resistant
(Manolis 2003).
Water temperature
Sensitivity: Low (moderate confidence)
Shifts in phenology due to warmer water temperature may alter prey availability (Hassall &
Thompson 2008).
Climate factors that may benefit the species group:
• Slight water temperature increases will benefit dragonfly/damselfly reproduction and
development by increasing primary and secondary production. These organisms have a
relatively broad range of water temperature tolerance.
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Non-Climate Factors
Workshop participants scored the resource's sensitivity and current exposure to non-climate factors,
and these scores were then used to assess their impact on climate change sensitivity.

Non-Climate Factor
Sensitivity Current Exposure
Agriculture & rangeland practices Moderate
Moderate-high
Pollution & poisons
High
High
Urban/suburban development
Moderate-high Moderate
Overall Scores
Moderate-high Moderate-high
Pollution & poisons
Sensitivity: High (high confidence)
Current exposure: High (high confidence)
Pattern of exposure: Consistent across the landscape.
An aquatic life stage makes Odonata dependent on good water quality, and this species group
is sensitive to changes in dissolved oxygen levels, pesticides, acidity, and nutrients (de Barruel &
West 2003; Van Dijk et al. 2013). Odonata declines have been linked with urban runoff and low
dissolved oxygen levels (de Barruel & West 2003) and insecticide use (Van Dijk et al. 2013).
Dragonflies inhabiting irrigation drainage ponds in the Central Valley have also been found to
bioaccumulate selenium (Rieuwerts 2015).
Urban/suburban development
Sensitivity: Moderate-high (high confidence)
Current exposure: Moderate (moderate confidence)
Pattern of exposure: Consistent across the landscape.
Urban/suburban development in the Central Valley and broader western U.S. have altered
water quality, streamflow, and aquatic habitat structure, contributing to reduced, altered, and
fragmented Odonata habitat and altered Odonata abundance (de Barruel & West 2003; BallDamerow et al. 2014a, 2014b). Wetland loss and channelization are common aquatic habitat
changes as a result of urban development; these alterations leave no substrate and increase
sediment delivery1. These and other changes as a result of development have increased
homogeneity between dragonfly and damselfly assemblages at different California study sites,
largely due to a decline in habitat specialists and an increase in migratory generalist species,
which are better able to cope with habitat fragmentation (Ball-Damerow et al. 2014a, 2014b).
Development has also been linked with altered water quality and reduced Odonata abundance,
likely due to higher nutrient runoff and reduced dissolved oxygen (de Barruel & West 2003).
Agriculture & rangeland practices
Sensitivity: Moderate (moderate confidence)
Current exposure: Moderate-high (low confidence)
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Pattern of exposure: Localized; Sacramento Valley.
Less water for agriculture could reduce rice production and other agricultural activities that
provide ponded water (Jackson et al. 2009; Lee et al. 2011), reducing habitat for this species
group.

Dependency on habitat and/or other species
Overall degree of specialization: Moderate (high confidence)
Dependency on one or more sensitive habitat types: High (high confidence)
Description of habitat: Wetland habitat and moderate stream flows.
Dependency on specific prey or forage species: Low-moderate (moderate confidence)
Dependency on other critical factors that influence sensitivity: Moderate (moderate
confidence)
Description of other dependencies: Agricultural wetlands (rice) being inundated
for long periods.
Dragonflies and damselflies require aquatic habitat for reproduction, and they occupy both
lentic and lotic habitats in California (Manolis 2003; Ball-Damerow et al. 2014a). Dragonflies
and damselflies also utilize irrigated croplands, and could be affected by reductions in
agricultural wetland extent (Ball-Damerow et al. 2014a). Although all Odonata rely on seasonal
water, some can be categorized as habitat specialists, while others are considered habitat
generalists (Ball-Damerow et al. 2014a). Adult dragonflies are prey generalists, consuming a
variety of insects and aquatic invertebrates (Manolis 2003). Nymphs and larvae are also prey
generalists (Manolis 2003).

Adaptive Capacity
Workshop participants scored the resource's adaptive capacity and the overall score was used
to calculate climate change vulnerability.
Adaptive Capacity Component
Score
Extent, Status, and Dispersal Ability Moderate-high
Landscape Permeability
Moderate-high
Intraspecific Species Group Diversity Low-moderate
Resistance & Recovery
Low-moderate
Other Adaptive Capacity Factors
Moderate
Overall Score
Moderate
Extent, status, and dispersal ability
Overall degree extent, integrity, connectivity, and dispersal ability: Moderate-high
(moderate confidence)
Geographic extent: Occurs across the study region (low confidence)
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Health and functional integrity: Moderately healthy (low confidence)
Population connectivity: Continuous (moderate confidence)
Dispersal ability: Moderate-high (high confidence)
Despite modifications to aquatic habitat in California over the past decade, overall Odonata
species richness has not declined significantly (Ball-Damerow et al. 2014a). There are 72
dragonfly species (10 of which are migratory) and 41 damselfly species in California. Some
dragonfly species are migratory and transboundary, but most are localized populations 1.
Due to their airborne adult stage, Odonata may have higher dispersal capacity than other
aquatic affiliate species (Conrad et al. 1999; Heino et al. 2009). For example, in a British study,
Odonata exhibited the farthest northward dispersal in response to climate warming of all
freshwater taxa tested (Hickling et al. 2006). However, dispersal ability likely varies by species
and will be influenced by habitat availability and continuity (Hassall & Thompson 2008).
Damselflies are non-migratory and tend to exhibit lower dispersal distances than dragonflies
(Conrad et al. 1999).
Landscape permeability
Overall landscape permeability: Moderate-high (high confidence)
Impact of various factors on landscape permeability:
Land use change: Low-moderate (high confidence)
Urban/suburban development: Low-moderate (moderate confidence)
Habitat fragmentation as a result of agricultural and urban development favors migratory
Odonata over habitat specialists and non-migratory species (Ball-Damerow et al. 2014a), and
may impair migration in the face of climate change (Hassall & Thompson 2008). Land use
change (i.e., shifts from rice production to anything else) and urban development require
damselflies to travel larger distances to breed (de Barruel & West 2003; Ball-Damerow et al.
2014a, 2014b).
Resistance and recovery
Overall ability to resist and recover from stresses: Low-moderate (low confidence)
Resistance to stresses/maladaptive human responses: Low-moderate (low confidence)
Ability to recover from stresses/maladaptive human response impacts: Low-moderate
(low confidence)
Odonata habitat generalists may be more resilient to climate change due to their ability to
utilize different aquatic habitat types (Ball-Damerow et al. 2014a). In general, Odonata are able
to recolonize areas previously affected by drought (Hassall & Thompson 2008 and citations
therein) and are fairly resilient to temperature increases (Hassall et al. 2007; Ball-Damerow et
al. 2014b). Odonata are less resilient to human impacts on the environment, such as altered
aquatic habitat availability and quality (de Barruel & West 2003; Raebel et al. 2012).
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Species group diversity
Overall species group diversity: Low-moderate (moderate confidence)
Diversity of life history strategies: Low (moderate confidence)
Genetic diversity: Moderate (low confidence)
Behavioral plasticity: Low-moderate (moderate confidence)
Phenotypic plasticity: Low-moderate (moderate confidence)
Although this species group has a short breeding life that requires water (Manolis 2003; BallDamerow et al. 2014a), complex and diverse life histories, including diapause and non-diapause
strategies, allow this species group to inhabit different aquatic niches across broad
environmental gradients, which may buffer physiological climate change impacts (Hassall et al.
2007). Odonata have also exhibited variable body size (Johansson 2003) and altered activity and
development rates to facilitate dispersal and maximize reproductive potential (Johansson &
Rowe 1999; Hassall et al. 2007). Similarly, some species exhibit altered pigmentation and heat
thresholds in response to different abiotic controls (Hassall & Thompson 2008 and citations
therein), indicating they may have moderate plasticity and capability to deal with
environmental fluctuations associated with climate change. However, nymphs are more
sensitive than adults due to immobility (e.g., see Hassall & Thompson 2008).
Other Factors
Overall degree to which other factors affect adaptive capacity: Moderate (moderate
confidence)
Habitat availability and quality outside of the Central Valley for migratory
species
Habitat availability/quality outside of the Central Valley for migratory species
Some dragonfly species common in California, including the green darner (Anax junius) and
black saddlebags (Tramea lacerata), migrate between California/Mexico and the northern
United States/southern Canada (Manolis 2003). These species typically migrate north in late
winter and early spring, reproducing and dying in summer in northern areas (Manolis 2003).
New adults emerge in late summer and fall, and then migrate south and breed in southern
locations by early winter (Manolis 2003). Climate change and human land use may affect these
migration patterns by altering habitat continuity and availability, particularly for migratory
habitat specialists (Hassall & Thompson 2008 and citations therein).
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Management potential
Workshop participants scored the resource's management potential.
Management Potential Component
Score
Species value
Moderate
Societal support
Low
Agriculture & rangeland practices
Moderate
Extreme events
Low
Converting retired land
Low
Managing climate change impacts
Moderate
Overall Score
Low-moderate
Value to people
Value to people: Moderate (high confidence)
Description of value: People enjoy seeing dragonflies and damselflies.
Support for conservation
Degree of societal support for management and conservation: Low (high confidence)
Description of support: Support is limited to fly fishing industry outside of the Central
Valley.
Degree to which agriculture and/or rangelands can benefit/support/increase
resilience: Moderate (moderate confidence)
Description of support: They can be managed to maintain permanent wetlands.
Degree to which extreme events (e.g., flooding, drought) influence societal support for
taking action: Low (high confidence)
Description of events: This species group is an indicator of poor water quality, so large
die-offs could be a cautionary flag for aquatic systems in the state.
Likelihood of converting land to support species group
Likelihood of (or support for) converting retired agriculture land to maintain or
enhance species group: Low (high confidence)
Description of likelihood: There is little support for converting retired agricultural lands
to wetland habitat. There is low likelihood that the public would support habitat
enhancement efforts for dragonflies.
Likelihood of managing or alleviating climate change impacts: Moderate (moderate
confidence)
Description of likelihood: Warmer and drier wetlands could be managed to ensure they
remain wet all year.
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Maintaining aquatic habitat availability, quality, and connectivity will be important for Odonata
species as climate change progresses (Hassall & Thompson 2008; Raebel et al. 2012). Buffer
strips around water bodies may help improve water quality and maintain Odonata abundance
and species richness (Raebel et al. 2012). Management activity will likely be required at both
the landscape and local scales in order to benefit both dragonflies and damselflies due to their
variable life histories, resource use patterns, and dispersal patterns (Raebel et al. 2012).
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