
E,UMINATION OF THE RELATIONSIIKP BETWEEN DELTA SMELT 
GEOGRAPHIC DISTFUBUTION DURING JUVENILE REARING 

AND FALL INDICES OF ADULT ABUNDANCE 

Charles H. Hanson, Ph.D. 
Hanson Environmental, Inc  

500 Ygnacio Valley Road, Suite 250 
Walnut Creek, CA 94596 

December 1994 

INTRODUCTION 

A series of hypotheses have been developed regarding the geographic distribution ofjuvenile Delta smelt 
du*ng the summer rearing period and the corresponding number of adults surviving until the fall and 
winter. The importance of the geographic distribution of Delta smelt during the rearing period has been 
linked to (1) the transport and distribution of early lifestages into areas downstream of the Sacramento - 
San Joaquin confluence thereby reducing their risk and susceptibility to entrainment losses at the State 
and Federal water projects (SWP and CVP) and at a number of other water diversions located 
throughout the Delta, and (2) the importance of habitat within productive shallow-water areas in Suisun 
Bay where food supply is abundant, the risk of predation losses is reduced, and therefore growth and 
survival of juveniles during the rearing period is increased. Under these hypotheses the reduction in 
entrainment mortality and increased food availability and habitat quality promoting growth and survival 
of juvenile Delta smelt rearing in areas downstream of the confluence and within Suisun Bay are 
expected to result in increased abundance of sub-adult and adult Delta smelt the following fall. - 
Data are available fiom long-term studies conducted by the California Department of Fish and Game 
(CDFandG) which can be used to evaluate the geographic distribution ofjuvenile Delta smelt during the 
summer rearing period (based on results of summer tow net surveys) and indices of adult abundance 
immediately preceding spawning in the fall and early winter (fall mid-water trawl surveys). The summer 
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tow net surveys, which have been conducted since 1959, sample a large number of locations throughout 
the Delta and Suisun Bay (Figure 1) and therefore provide valuable information on the geographic 
distribution ofjuvenile Delta smelt during the summer rearing period. CDFandG summer tow net 
surveys have been conducted during June, July, and August, although the timing and number of surveys 
may vary among years. 

Fall mid-water trawl surveys have been performed since 1967 at locations throughout the Delta and 
Suisun Bay (Figure 2) which encompass the geographic range of sub-adult and adult Delta smelt prior to 
spawning. The fall mid-water trawl surveys are conducted in September - December with the resulting 
catches of Delta smelt used to calculate an index of Delta smelt abundance each year. Calculation of the 
fall index of abundance uses a series of volumetric weighting factors to adjust Delta smelt collections 
within various regions of the Delta to account for the volume of potentially available habitat. The fall 
mid-water trawl indices of abundance have been generally recognized as the best available scientific data 
on adult Delta smelt abundance trends. Annual indices of Delta smelt abundance fioril the fd mid-water 
trawl surveys are summarized in Figure 3. 
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To test the hypothesis regarding the importance of juvenile Delta smelt geographic distribution on their 
survival, and the subsequent abundance of adult Delta smelt, a series of analyses were performed using 
data derived from the CDFandG summer tow net and fall mid-water trawl surveys. Based on the 
geographic distribution hypothesis for juvenile rearing it was expected that high indices of adult 
abundance during the fall should occur in those years in which a large percentage of the juvenile Delta 
smelt were rearing (1) downstream of the confluence between the Sacramento and San Joaquin rivers, 
and (2) within Suisun Bay. Correspondingly, in those years in which a majority of the juvenile Delta 
smelt were rearing within the Delta (upstream of the confluence between the Sacramento and San 
~ o a ~ u i n  rivers) the resulting index of adult abundance in the fall is expected to be low. 

CALCULATION OF THE DELTA SMELT GEOGRAPHIC DISTJUBUTION DURING 
JUVENILE REARING AND ADULT INDICES OF ABUNDANCE 

Datgon the numbers ofjuvenile Delta smelt collected at each sampling station during each CDFandG 
summer tow net survey were compiled (J. Buell personal communication). Estimates of the geographic 
distribution of juvenile Delta smelt were prepared during each monthly survey based on the percentage 
of the total catch downstream of the confluence of the Sacramento and San Joaquin rivers (sampling 
stations numbered less than 700) and for those sampling locations within Suisun Bay (sampling stations 
300's, 40OYs, and 600's; see Figure 1). Estimates of the geographic distribution were calculated based 
on the simple percentage of the total number of Delta smelt collected during each survey occurring 
within the designated regions and based on volume weighted indices of juve%le abundance by area 
during each survey. After adjusting catches for the volumetric weighting factor the percentage of Delta 
smelt collected in each of the designated regions was then calculated. Results of individual surveys were 
excluded from subsequent statistical analysis in the event that either (1) the total number of Delta smelt 
collected used in determining the geographic distribution for a survey was less than 100, or (2) no index 
of abundance of adult Delta smelt is available for a given year from the fall mid-water trawl surveys 
(surveys were not conducted in all years). 



The annual index of adult Delta smelt abundance (Figure 3) was calculated by CDFandG based on 
results of mid-water trawl surveys conducted fiom September through December and the volumetric 
weighting factors to account for available habitat within various regions of the survey area. 

RESULTS 

Statistical analyses were performed separately for the relationship between the geographic distribution of 
juvenile Delta smelt and fall adult abundance indices for tow net surveys conducted during June, July, 
and .August. Analyses used both unweighted Delta smelt catches by sampling location and volumetric 
weighting of juvenile catches to estimate the percentage of juveniles occumng downstream of the 
Sacramento - San Joaquin river confluence and within Suisun Bay. Data on the geographic distribution 
of juvenile Delta smelt and the corresponding fall mid-water trawl abundance index used in these 
analyses are presented in Table 1 for that portion of the geographic distribution ofjuvenile Delta smelt -%. 

occurring downstream of the Sacramento - San Joaquin river confluence dnd Table 2 for the proportion 
ofjuvenile rearing occurring within Suisun Bay. 

No significant relationship was detected between the percentage of the juvenile Delta smelt collected 
downstream of the confluence between the Sacramento and San Joaquin rivers and the corresponding 
fall mid-water trawl abundance index for either the unweighted catch distribution @gures 4-6) or the 
volume weighted indices (Figures 7-9). Results of the correlation analyses for these datasets are 
summarized below: 

Correlation coefficient (r) between the. percentage of juvenile smelt downstream of the confluence 
and fall mid-water trawl index. 

Smelt Catch - r Number Si~nificance 

June 

July 

August 



Volume weiphted index 

June 

July 

August 

Similarly, no significant relationship was detected between the percentage ofjuvenile Delta smelt 
collected within Suisun Bay and the corresponding fall mid-water trawl abundanke index for either the 
unweighted catch distribution (Figures 10- 12), or the volume weighted indices- (Figures 13 - 15). Results 
of correlation analyses for these datasets are summarized below: * - 

Correlation coefficient (r) between the percentage of juvenile smelt in Suisun Bay and fall mid- 
water trawl index. 

Smelt Catch 

June 

July 
- 

August 

Volume weighted index 

June 

July 

August 

Number Sipnificance 



CONCLUSION 

Results of these analyses provide no evidence of a significant relationship between the percentage 
distribution for juvenile Delta smelt downstream of the Sacramento - San Joaquin river confluence 
during the summer rearing period and the corresponding index of adult Delta smelt abundance during 
the fall and early winter. Results of these analyses do not support the hypothesis that the index of  adult 
Delta smelt abundance is high in those years during which a large percentage of  the juvenile Delta smelt 
rearing occurred downstream of the confluence or within Suisun Bay. Although a variety of biological 
and environmental factors are known to  influence the survival and population abundance of Delta smelt, 
results of these analyses failed to demonstrate a significant relationship between the geographic 
distribution ofjuvenile Delta smelt during the summer rearing period and the corresponding index of 
adult abundance during the fall and winter prior to spawning. 4- 



Table. 1. Data used to evaluate the relationship'between the percentage of juvenile Delta 
smelt collected downstream of the confluence during summer rearing and the fall mid-water 
trawl index of adult abundance. 

Year - Month 

June  
June  
June  
June  
June  
June  
June  
June  
June  
June  
June  

July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 

P.ercent Downstream 
of Confluence Fall Mid-water 

Catch Index Trawl Index 



Table 1. Con't. 

Year Month 

August 
August 
August 
August 
August 
August 
August 
August 
August 
August 
August 

Percent Downstream 
of Confluence 

Catch Index 
Fall Mid-water 
Trawl Index 



Table 2. Data used to evaluate the relationship between the percentage of juvenile Delta 
smelt collected within Suisun.Bay during summer rearing and the fall mid-water trawl index of 
adult abundance. 

Year - Month 

June  
June  
June  
June  
June  
June  
June  
June  
June  
June  
June  

July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
July 

Percent Downstream 
Within Suisun Bay 

Catch Index 
Fall Mid-water 
Trawl Index 
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Table 2. Con't. 

Year - Month 

August 
August 
August 
August 
August 
August 
August 
August 
August 
August 
August 

Percent Downstream 
Within Suisun Bay 

Catch Index 
Fall Mid-water 
Trawl Index 



Figure 1. CDFandG summer tow net sampling locations. 

Figure 2. CDFandG fall mid-water trawl sampling locations. 
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June Surveys 

Percenhge cntch in Summer Tow Net 

Figure 4. Percentage of juvenile Delta smdt collected downstrum of the Sacramento and 
San Joaquin River confluence during ~ u m m u  tow net surveys in June and the 
fall mid-water trawl abundanct i n d a  



July Surveys 

Figure 5. Percentage of juvenile Delta smelt collected downstream of the Sacramento and 
San Joaquin River confluence during rummer tow net surveys in July and the 
fall mid-water trawl abundance inder. 
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August Surveys 

Pcrccnbge catch insummer Tow Net , 

Figure 6. Percentage of juvenile Delta smelt collected downstream of the Sacramento and 
San Joaquin River confluence during summer tow net surveys in August and the 
fall mid-water trawl abundance index. 



Junc Surveys 
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Pcrccnlnpe Summcr Tow Nct Index 

Figure 7. Percentage of juvenile Delta smelt tow net index downstream of the Sacramento 
and San Joaquin River confluence during June and the fall mid-water trawl 
abundance index. 



July Surveys 

Pcrccntagc Surnmcr Tow Nct Index 

Figure 8. Percentage of juvenile Delta smelt tow net index downstream of the Sacramento 
and San Joaquin River confluence during July and the fall mid-water trawl 
abundance index. 



PcrccnL?ge Summer Tow Nct Indcx 

Figure 9. Percentage of juvenile Delta smelt tow net index downstream of the Sacramento 
and San Joaquin River confluence during A U ~ U S ~  and the fall mid-water trawl 
abundance index. 



June Surveys 

Percentage Catch in Suisun Bay 

Figure 10. Percentage of juvenile Delta smelt collected in Suisun Bay during summer tow net 
surveys in June and the fall mid-water trawl abundance index. 



July Surveys 

Percentage Catch in Suisun Bay 

Figure 11. Percentage of juvenile Delta smelt collected in Suisun Bay during summer tow net 
surveys in July and the fall mid-water trawl abundance index. 



August Surveys 

Percentage Catch in Suisun Bay 

Figure 12. Percentage of juvenile Delta smelt collected in Suisun Bay during summer tow net 
surveys in August and the fall mid-water thwl  abundance index. 



June Surveys 

Percentage Tow Net I n k  in Suisun Bay 

Figure 13. Percentage of juvenile Delta smelt tow net index in Suisua Bay during summer tow 
net surveys in June and the fall mid-water trawl abundance index. 



July Surveys 

Percentage Tow Net Index in Suisun Bay 

Figure 14. Percentage of juvenile Delta smelt tow net index in Suisun Bay during summer tow 
net surveys in July and the fall mid-water trawl abundance index. 



August Surveys 

Percentage Tow Net Index in Suisun Bay 

Figure 15. Percentage of juvenile Delta smelt tow net index in Suisun Bay during summer tow 
net surveys in August and the fall mid-water trawl abundance index. 


