
Effect of temperature and salinity on physiological 
performance and growth of longfin smelt: Developing a 
captive culture for a threatened species in the Sacramento/
San Joaquin Delta

Delta and longfin smelt have 
declined to historical lows in the 
San Francisco Bay-Delta. In order 
to aid their recovery, managers 
need to understand the interplay 
of multiple environmental 
factors such as temperature and 
salinity with fish physiology. 
While the delta smelt, a federally 
endangered species, has been 
heavily studied, much less is 
known about the longfin smelt, 
which is listed as a threatened 
species under the California 
Endangered Species Act. 
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Supporting the 2013 Delta Science Fellows priority research topics:

1) Innovative approaches and technologies for improving monitoring 
and sampling design of biota, including optimization of monitoring 
designs and long-term monitoring of post-project performance

2) Tools and processes to facilitate integration of adaptive 
management plans currently being developed by diverse entities, 
and 

3) Effects of changing flow and/or habitat quality and quantity on fish 
and invertebrate population dynamics and resilience.

This research project aimed to improve understanding of the physiological 

requirements for survival and reproduction across the entire life history 

of longfin smelt (from egg to larvae to juvenile to reproducing adult). The 

overall goals of this project were to assist in developing a captive longfin 

smelt culture and assess longfin smelt responses to multiple stressors across 

all life stages, which has been difficult because of extremely low (<10%) 

larval survival of these fish.

PROJECT

To improve current culture methods, this study tested the effects of three 

environmental factors on longfin smelt larvae: temperature, salinity, and 

turbidity (a measure of murkiness or visibility in the water). The study 

identified an optimal temperature of 12℃ and between 2 and 10 parts per 

thousand salinity on larvae. These thermal and saline optima have been used 

in culturing longfin smelt and have substantially improved larval survival. The 

study also identified that larval survival and growth could be further improved 

by using more turbid (murkier) water. Furthermore, this study has identified 

the upper thermal and saline limits for the species to be around 15℃ and 20 

parts per thousand.

RESULTS

DELTA SCIENCE 
FELLOW 2020

Longfin smelt yolk-sac larvae immediately after hatch.
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The results of this study have already been applied to longfin smelt culture 

methodologies at the Fish Conservation Culture Laboratory where the 

captive culture of the species is being maintained. The first year when the 

study’s results identifying optimal temperature and salinity conditions have 

been applied (2019-2020) have greatly improved larval survival, which 

has historically been <10%, to approximately 50%. By improving culture 

techniques, this study has established a sustainable source of longfin smelt 

that will serve as the foundation for all future laboratory-based studies on 

longfin smelt that will be used by state and federal agencies to inform the 

conservation management of the species. Furthermore, by identifying the 

first tolerance metrics for the larval stage of the species to environmental 

stressors, this study will allow managers to more accurately predict the 

responses of longfin smelt populations to changes in environmental 

conditions. 
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Above: Longfin smelt larvae of differing ages. 
Top: 4 days post-hatch (dph). Middle: 40 dph. 
Bottom: 100 dph.

Below: Late embryo stage longfin smelt. 


