
20100122110438
ConfirmationNumberCALFED Progress Report

California Sea Grant College Program

Printed: 5/10/2012 9:54:20 AM

2ndProjectYear_2A

Completion QuestionnaireTypeQuestionnaire_2B

F/SF-26ProjectNo_2C

PrepName_1A
susanqlang@gmail.comPrepEmail_1B
(206)462-5264PrepPhone_1C

F/SF-26ProjectNo_2C 9/1/2007StartDate_3a
Investigating the Lower Trophic Levels of Suisun Bay Food Web: A Biomarker-Specific Isotope
Approach

ProjectTitle_4

Dr.FelTitle_5A LangFelLast_5B SusanFelFirst_5C

Scripps Institution of Oceanography, UCSDFelInstitution_5E

Geosciences Research DivisionFelDepartment_5F

9500 Gilman Dr.FelStreetAddr_5G

La JollaFelCity_5H CAFelState_5I 92093-0244FelZip_5J

206-462-0606FelPhone_5K 858-822-3310FelFax_5L

susanqlang@gmail.comFelEmail_5M

Postdoctoral ScholarFelPositionTitle_5N

Dr.RMTitle_6A AluwihareRMLastName_6B LihiniRMFirstName_6C IRMInit_6D

Scripps Institution of Oceananography, UCSDRMInstitution_6E

Geosciences Research DivisionRMDepartment_6F

9500 Gilman Dr.RMStreetAddr_6G

La JollaRMCity_6H CARMState_6I 92093-0244RMZip_6J

858-822-4886RMPhone_6K 858-822-3310RMFax_6L

laluwihare@ucsd.eduRMEmail_6M

Assoc. ProfessorRMPositionTitle_6N

Dr.CMTitle_7A Mueller-SolgerCMLastName_7B AnkeCMFirstName_7C CMInit_7D

CALFED Science ProgramCMInstitution_7E

CMDepartment_7F
650 Capitol Mall, 5th FloorCMStreetAddr_7G

SacramentoCMCity_7H CACMState_7I 95814CMZip_7J

(916) 445-0147CMPhone_7K CMFax_7L

Anke.Mueller-Solger@Calwater.ca.govCMEmail_7M
IEP Lead ScientistCMPositionTitle_7N

QFelInit_5D

CALFed Fellow contact information

Research Mentor (for additional please see #8)

Community Mentor (for additional please see #9)

Additional Research Mentors and Community Mentors

Preparer Information
Susan Q. Lang

Project Information

10/1/2009EndDate_3b

Additional Research Mentors_8 Additional Community Mentors_9



California Sea Grant College Program
CALFed Progress Questionnaire

F/SF-26ProjectNo_2C2ndProjectYear_2A

Completion QuestionnaireTypeQuestionnaire_2B

 Simultaneous declines of multiple pelagic organisms suggest a possible trophic linkage and that a decline in food resources is an
important factor in the decline of juvenile fish (Bennett and Moyle, 1996).  One hypothesis has been that in response to a decrease in
primary production within the low salinity zone, a portion of the food web depends on the microbial loop, which in turn depends on
the delivery of riverine organic matter (Kimmerer et al., 2006).  It has been proposed that a recently introduced zooplankton species,
the Limnointhona, can readily access this food source while the other primary species, Pseudodiaptomus, can not.  If true, the
incorporation of organic matter should differ between these two species.  Further, variations to the input of riverine organic matter
should impact both the source of organic matter to the Bay ecosystem and how it is incorporated.

Our research goal was to obtain a coarse “time-series” of food sources being utilized by the dominant zooplankton inhabiting the
central portion of the upper SFB estuary (Suisun Bay). Based on this series of ‘snapshots’ delineating dominant food sources to
organisms in the Bay, we hoped to further assess the impact of particular water management strategies on zooplankton community
dynamics. Our efforts were focused on the upper estuary (Suisun Bay) as it is a critical habitat for the threatened Delta Smelt (Hobbs
et al., 2002) [CON'T BELOW]

ProjectObjectives_10

Our approach for assessing the source of food utilized by zooplankton is was to determine the stable nitrogen isotopes of individual
amino acids (e.g. phenylalanine, glutamic acid) released from the acid hydrolysis of the organism’s proteins.  Studies have shown
that the isotopic compositions of some amino acids, such as phenylalanine, are conserved as the compound is transferred from
primary producer to zooplankton consumers (McClelland and Montoya, 2002). That is, this amino acid is not metabolized and re-
synthesized; instead it is conservatively transferred intact.  Other amino acids, such as glutamic acid, are synthesized by each
organism, and during the re-synthesis, a 5-6 per mil increase in δ15N relative to phenylalanine is imparted per increase in trophic
step. Therefore, these two sets of amino acids (source v. trophic) provide an internally consistent tracer to observe the relative trophic
position of any consumer, defined as TPglu-phe (Hannides et al., 2009).  If the zooplankton rely predominantly on phytoplankton as
their food source, the calculated TPglu-phe will equal 2.  Alternatively, if zooplankton feed on the components of the microbial loop,
the TPglu-phe will equal 3 or higher.
One way to assess the quality of the organic matter (its potential usefulness for secondary consumers) being delivered to Suisun Bay
from the Sacramento and San Joaquin Rivers is to determine the concentrations of D- and L- amino acids in particulate organic
matter.  While most living organisms produce the L-enantiomer of amino acids, bacteria are the primary source of the D-enantiomers.
Additionally, the degradation of freshly-produced, labile organic matter results in increased concentrations of diagnostic compounds
such as the non-protein amino acids (NPAA) gamma-aminobutyric acid and beta-alanine.  Therefore “fresher,” less degraded organic
matter that would be expected to be more useful as a food source to higher organisms will have low D/L ratios and low
concentrations of NPAAs.  Refractory organic matter that has been significantly re-worked will have higher D/L ratios and higher
concentrations of NPAAs.

A full suite of samples from winter and spring (November, 2008 and May, 2009) was collected and analyzed.  Samples were
collected from the two primary rivers (Sacramento and San Joaquin), the station closest to the site of X2 (where the salinity at depth
is 2 PSU, a location important to juvenile fish), and at the narrow western input into Suisun Bay where salinities are higher.
Complementary chemistry, temperature and salinity data are presented in Table 1.  The winter sampling occurred during relatively
‘low flow’ river conditions and the site of X2 was very close to the Sacramento River.  The spring sampling occurred during
relatively ‘high flow’ river conditions, which is reflected in lower salinities in the Bay sampling stations.

The amino acid concentrations are variable between the two sampling periods.  Interestingly, the winter ‘low flow’ river conditions
have higher contributions of d-amino acids (attributed primarily to bacterial influence) and non-protein amino acids, reflecting a
greater extent of organic matter degradation (Table 2).  The San Joaquin River consistently had significantly high amino acid
concentrations than the Sacramento River, and low contributions of d- and non-protein amino acids.  Since chlorophyll a
concentrations are also consistently higher in the SJR, we hypothesize that amino acids predominantly result from primary production
in this location.

 [CON'T BELOW]
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Project Objectives: Please type your responses, and answer the questions in a style appropriate for laymen.

Summary of progress in meeting each of these goals and objectives
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The temporal scope of the original project was shortened due to the uncertainty in funding.
Modifications_12

Water management changes have been proposed to the relative inputs of Sacramento and San Joaquin Rivers into the Bay.  For this
reason, differences between the two rivers are of particular interest.  During the sampling periods, the SJR had ‘fresher’ and more
abundant organic matter.  This difference presumably reflects the higher chlorophyll concentrations that are present in the SJR, that
have been previously noted by other researchers.

BenefitsApplic_13

PROJECT MODIFICATIONS: Please explain any substantial modifications in research plans, including new
directions pursued. Describe major problems encountered, especially problems with experimental protocols and
how they were resolved. Describe any ancillary research topics developed.

BENEFITS AND APPLICATIONS: Suggest the relevance of these new findings to management. Describe any
accomplishment, that is significant effects your project has had on resource management or user group behavior. CALFED
is looking for “management cue” (see http://science.calwater.ca.gov/pdf/soemgmtcues.pdf).
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PUBLICATIONS: List any publications, presentations, or posters that have resulted from this funded research. Give as many
details as possible, including status of paper (e.g., in review; in press), journal name, conference location and date of presentation.
Please note (as outlined in the conditions of the award) that each fellow is required to submit an abstract for an oral or poster
presentation at each State of the Estuary conference and CALFED Science Conference during the duration of the fellowship.

Lang, S.Q. and Aluwihare, L.I. (2008) Investigating the carbon and nitrogen sources supplying the base of the Suisun Bay food
web: a compound-specific isotope approach.  CALFED Science Conference.

Publications_14

COOPERATING ORGANIZATIONS: List those agencies and/or persons who provided financial, technical or
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The Sacramento Regional County Sanitation District provided 3 months of critical funding support that allowed the compound
specific amino acid analysis to proceed.

The USGS and Dr. James Cloern have generously provided berth space on the R/V Polaris during monthly cruises
through the San Francisco Bay and immediate access to critical data such as chlorophyll concentrations and water salinity.  We are
also collaborating with USGS scientist Dr. Carol Kendall, who is providing 15N of nitrate and ammonia data that will assist in our
interpretation of the ‘source’ amino acids.

CoopOrganiz_15

Awards_16

Zooplankton, organic matter, trophic levels, food webs, Suisun Bay, compound-specific isotopes
Keywords_17

other assistance to your project since inception. Describe the nature of their collaboration.

AWARDS: List any special awards or honors that you, or mentor or members of the research team, have
received during the duration of this project.

KEYWORDS: List keywords that will be useful in indexing your project.

Additions: Additional information can be added here. Please begin the text with the

Patents_18

PATENTS: List any patents associated with your project.
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[CON'T FROM PROJECT OBJECTIVES]: and is likely to be strongly affected by proposed changes to the San Joaquin River.

Our specific objectives are: (1) To determine what sources of organic matter support the dominant zooplankton population within
Suisun Bay at different time points of the year and (2) To determine if changes in water management practices modify the type and
magnitude of food sources available to support zooplankton production

[CON'T FROM PROGRESS SUMMARY]:
The sampling scheme included collecting several size fractions of zooplankton (62-200 µm, dominated by Limnoithona; 200-500
µm, dominated by Pseudodiaptomus; 500-1000 µm, dominated by copepods, primary species to be identified).  Depending on
location, not all fractions contained enough biomass for the 15N amino acid analysis.  For instance, at the highest salinity stations
the vast majority of the biomass was present in the 63-200 size fraction while larger zooplankton were largely absent.  During the
spring sampling period, delta smelt were readily identified in the 500-1000 µm size fraction. The smelt were isolated from
copepods, and the two groups were analyzed separately.  The CSIA-calculated trophic levels and the average 15N of the ‘source’
amino acids are presented in Table 3.

There are several notable aspects of the compound specific isotope analysis (CSIA) data.  First, we had predicted that the 63-200
size fraction  would  have a higher TLglu-phe value than that of the 200-500 size fraction due to dependence of Limnoithona  on
the microbial loop.  Instead, the CSIA-calculated trophic levels of both size fractions were very similar to 2.  This is the expected
value when organisms depend predominately on primary producers.  The sampling locations with the highest d-amino acids
(interpreted to be have the highest bacterial influence; November Stn 657 and 6) did have slightly higher TLglu-phe than other
time points/locations, but these results were not statistically significant.  One explanation for these findings is that neither the
Pseudodiaptomus nor the Limnoithona utilized the microbial food loop to a significant degree during the sampling periods.  It is
also possible that microbial processing does not impart the expected fractionation on amino acid signatures.  A colleague is
currently running a bacteria-zooplankton feeding experiment to explicitly determine these fractionation patterns.  What is apparent,
however, is that to the degree that their nitrogen sources and trophic status are reflected by the CSIA analysis, the zooplankton
within these size fractions rely upon very similar food resources.

We were serendipitously able to subject Delta Smelt from the Sacramento River to the same analysis.  Their TLglu-phe of ~3 is
similar to what would be expected for organisms feeding on zooplankton feeding on primary producers.  What is surprising,
however, is that the signature of their ‘source’ amino acids – which should remain largely unchanged from their food source – are
distinctly different from that of co-occurring zooplankton (7.6 – 7.8 ‰ vs. 14.2 ‰).  This suggests that they may rely on food
sources not captured by our sampling scheme either spatially or temporally.  Since Smelt have higher biomasses than zooplankton,
the turnover time of nitrogen in their system will be longer.  In other words, Smelt may consume co-occurring zooplankton as their
primary food source, but the temporal variability in the 15N of those prey may have shifted dramatically during the amount of time
required for biomass replacement.

Additions_19

number of the question you are adding to.


