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Effects of drought on aquatic biodiversity
and the effect of landscape-scale urbanization on aseasonal flow

Left – Desiccated arroyo 
toad excavated almost 1 
meter underground 
during drought (2016)

Right – Desiccated 
spadefoot tadpoles in 
created vernal pool 
habitat (2015) 



EXAMPLE OF A GOAL AND OBJECTIVE:

The Arroyo toad is an MSP SO Species.  

Arroyo toad Goals and Objectives are in Table 2-2.6, of the MSP

The MSP includes the following summary:
“Existing known significant occurrences should be visited annually, outside of 
the core breeding season (March to July) to inspect and reduce threats that can 
be managed at the local scale (e.g. road crossings, illegal encroachment, off-
road vehicle use, non-native plants, trash dumping, grazing by livestock, and 
incompatible human recreation). Surveys for arroyo toad should be conducted 
in MU8 to determine if significant occurrences occur on Conserved Lands, and 
surveys should continue to be conducted in MUs 3, 4, 5, and 6 in known 
occupied and potential habitat to determine current distribution and status of 
arroyo toad, collect data on threats and habitat covariates, and identify 
management needs. In addition, USGS has collected tissue samples from 
arroyo toads captured during surveys. Tissue samples should continue to be 
collected during arroyo toad surveys and all material should be used to 
conduct a genetic study to evaluate the degree of genetic variation within and 
between populations and to possibly identify genetic bottlenecks or barriers. 
This information will also be used to determine source populations to use in re-
establishing arroyo toad in previously occupied areas. An arroyo toad working 
group should be convened to review data on occurrences and threats and to 
develop long-term goals and objectives and appropriate management actions.”  



Acknowledge our large team with diverse skill 
set to implement these projects





Actual 50 year change 
in temperature for 
California



Modelled estimate of 
geospatial rate to track 
differences in the current 
location of the climate variable 
and its future projected 
location



Additional approach
Point is that spadefoot occurs 
in area with highest velocities





Species listed by California Dept of Fish and Wildlife

Drought Risk Priority I
Arroyo toad
Southwestern pond turtle
California red-legged frog
Two-striped garter snake
South coast garter snake
Southern mountain yellow-legged frog
Southwestern willow flycatcher

Drought Risk Priority II
Western spadefoot
Coast Range newt
Pallid bat 
Townsend’s big-eared bat











February 4, 2015 Pine Valley Creek



June 12, 2014



Pine Valley changes in pond turtle survivorship during drought
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Desiccated toads were found on surface and underground up to 1 meter

9 were found desiccated; 6 during 2013



Background on flow modification within California



Mean monthly flows:  
https://public.tableau.com/views/California_
Stream_Flow_Alteration/mean

https://public.tableau.com/views/California_Stream_Flow_Alteration/mean
















Are we ready for 
assisted migration as a 
strategy for California 
amphibians?



Using Citizen Science 
to help inform where 
management issues 
might be developing



Some invasive species examples





African clawed frogs







Sites with Dataloggers starting in 2015

Orange dots:
Chad L Loflen
Monitoring Assessment & Research Unit
California Water Quality Control Board – San 
Diego Region



20% - ~73 days per year if equal
70% - ~255 days per year if equal
Arroyo toads – minimum of 80 days wet

Percent Wet Days over Study versus Percent Watershed Urbanization



Percent Wet Days over Study versus Watershed Size (acres)



Native and Invasive Species Diversity versus Percent Impervious Surfaces



Native and Invasive Species Diversity versus Percent Impervious Surfaces

Log of Impervious Surfaces (otherwise same as previous graph)



Native and Invasive Species Diversity versus Percent Wet Days



Conservation Patch Landscape for 
southern California

Low elevation coastal ecoregions

Patches divided by breaks in landscape such as 
major roads, or non-compatible urban features

Since watersheds cross urban areas between 
conservation patches, this makes invasive 
species control difficult

But drying aseasonal “inflated” flow areas may 
be critical for management of these invasive 
species and maintenance of native species

Invasives control working at Sycuan with 
discovery of Arroyo toad
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