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Project Hypotheses  
The Bolsa Chica Wetlands have undergone extensive engineering works in 2004-2007 
to restore different levels of tidal action in different sectors of the 
wetlands. Different properties of nematode communities can be used to make 
management decisions and evaluate restoration success. Published studies have 
shown among others that nematode abundance increases, while their diversity and 
evenness decrease, in conditions of nutrient enrichment. From past observations 
we hypothesize that the following spatial and temporal patterns will occur in 
Bolsa Chica:  
- From the beginning of our sampling efforts, we expect to find that Outer Bolsa 
Bay harbors fewer nematodes, but more species and more equitable numbers per 
species, compared to Inner Bolsa Bay.  
- As the effects of tidal restoration kick in, we expect to find progressively 
more species and evenness but lower abundance in the full tidal restoration 
area.  
- As the effects of tidal restoration kick in, we expect to find a more moderate 
increase in species and evenness versus a moderate drop in abundance in the 
muted tidal restoration area.  
- Additionally, we expect a significant change in the taxonomic composition of 
nematodes in the two restoration sectors.  
 
Project Goals and Objectives  
The diversity and history of land management in Bolsa Chica presents a range of 
interesting questions that can be asked, both from a scientific perspective as 
well as from the point of view of coastal management and conservation. We 
propose to record nematode diversity in six representative locations, sampled 
repeatedly over two years, in order to attain the following six short-term 
objectives. Objectives for 2008-2009: (1)estimate genus and (when possible) 
species diversity, (2) discover new nematode taxa and begin the process of 
describing them, (3) produce a first analysis of the effects of increased tidal 
action on nematode diversity as an important indicator of sediment ecosystem 
health, Objectives for 2009-2010: (4) provide baseline data for subsequent long-
term monitoring of sediment quality and food web structure in Bolsa Chica as 
reflected by meiofaunal organisms, (5) establish long-term expertise in Southern 
California by training students in marine nematode community analysis, and by 
preparing a “starter kit” with pertinent tools and information for conservation 
agencies and consultancies alike, (6) educate the public about meiofaunal 
diversity while simultaneously demonstrating the importance and feasibility of 
nematode surveys. Overall objective: Our overall goal is to begin the process of 
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constructing a comprehensive faunal list of marine nematodes from California, 
and to begin establishing their relevance to management of coastal ecosystems. 
 
Briefly describe project methodology  
In coordination with the CA Department of Fish and Game, we have collected four 
series of six samples at the BCW, plus two series of three samples at the 
Carpinteria Salt Marsh Reserve. Each sample consisted of five 100ml cores 
subsampled along two edges of a one square meter area, separated by 10cm or 90cm 
distance between each core. Nematodes were extracted from sediment in each core 
at UC Riverside by flotation and decantation over a 325 mesh sieve. All 
resulting nematode extracts were preserved in DESS solution to allow molecular 
analysis as well as microscopy observations. Numbers of nematodes per core were 
counted, and up to 100 randomly picked specimens were mounted in permanent 
slides for microscopy-based identification and video imaging. 
 
Describe progress and accomplishments toward meeting goals and objectives  
At the time of writing, sample collection has been completed, resulting in four 
sample series from Bolsa Chica and two from the control site in Carpinteria. 
Nematode identifications are still in progress for the last sample series from 
each wetland, collected respectively in December 2009 and January 2010. 
Preliminary analysis from all completed series (three from Bolsa Chica and one 
in Carpinteria) indicates that the total count for intertidal nematode species 
in Bolsa Chica wetlands is 23, while six additional species were found on Bolsa 
Chica State Beach next to the new ocean inlet for the wetlands. At least two 
species are probably new to science. Nematode diversity and abundance varied at 
each of the sample stations inside Bolsa Chica wetlands, but was not linearly 
correlated with tidal regime: locations with the lowest abundance and diversity 
included both a station subject to full tidal influence as well as a station 
subject to the most muted tidal regime. Species diversity increased after the 
first sample series at the muted tidal station and also at the ocean inlet 
station on the state beach. Patterns of species dominance at most stations 
changed with time. Diversity and abundance at the Carpinteria control site were 
broadly similar to Bolsa Chica wetlands, indicating that intertidal nematode 
communities have returned quickly and successfully once previously dry sections 
were flooded with seawater as a result of the restoration plan. Our analyses 
will be refined and completed within the next three months, when all 
identifications are finished for both of the final sample series from each site. 
 
Project modifications  
In our original proposal we planned to investigate the Guadalupe-Nipomo Dunes 
Preserve as control site for the Bolsa Chica Wetlands. However, our application 
for the necessary sampling permit was not processed in timely manner due to 
personnel turnover at the CA Department of Fish and Game, combined with permit 
paperwork lost in the mail. We therefore re-evaluated our options for control 
sites, and settled on the Carpinteria Salt Marsh Reserve as a better 
alternative. Because it is part of the UC Natural Reserve System, regulatory 
aspects of sample collection at CSMR are greatly simplified compared to GNDP. 
Also, it is located within the Southern California Bight rather than just 
outside that, so more directly affected by similar oceanic currents. 
Additionally it is likely more directly relevant to BWC in terms of potential 
restoration effects there, because the surrounding land use near CSMR has 
included more housing development rather than the almost exclusive impact of 
extensive agriculture as found upstream the Santa Maria River at GNDP. 
 
Project outcomes  
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A research database is being constructed for the primary identification data 
obtained from all our samples to date; as of writing it contains 1033 records 
corresponding to individual nematode specimens. This database will be made 
publicly available at the end of this project. Microscopy images will be made 
available online as well, via the research database NemATOL ( 
http://nematol.unh.edu/ ) and through our experimental nematode identification 
website currently under construction with support from the National Science 
Foundation ( http://nemascope.cs.ucr.edu/ ). Diagnostic DNA sequences will be 
deposited in GenBank and linked with records in NemATOL and NemaScope. 
Collections of microscopy reference slides will be archived in the UCR Nematode 
Collection upon project completion, additional slides will be used for 
instruction in nematode biology and invertebrate zoology at UCR, as well as for 
NemaScope algorithm testing by domestic and international students at other 
universities within the US and abroad. 
 
Impacts of project  
This project is providing research experience for graduate student Ian King, 
visiting graduate student Neyvan da Silva (now graduated), as well as three 
undergraduate students. Two of the undergraduate volunteers have meanwhile 
graduated, one has worked as research assistant in entomology for a year and is 
currently applying for admission to PhD programs in marine biology and 
behavioral ecology, a second is now following an MSc program at UCR in 
Biochemistry. This project has provided the factual basis for Mr. King's 
publication of a review outlining new concepts and methods for biodiversity 
analysis incorporating phylogenetic measures of diversity in meiofauna. The 
methods in question are being developed for application to and analysis of the 
data obtained during this project. Data and specimens from our project have been 
combined and compared with those obtained from atlantic oil drilling sites near 
the Brazilian coastlines by Dr. da Silva for completion of his dissertation 
thesis. As a result of this collaboration PI De Ley was invited to organize and 
present a one-week workshop on nematode systematics and molecular diagnostics to 
the meiofaunal research group of Professors Veronica Fonseca Genevois and Andre 
Morgado Esteves in the Zoology department of the Federal University of 
Pernambuco (Brazil).  
 
Benefits, commercialization and application of project results  
The results of our project are designed to provide baseline information and to 
introduce standard methods for subsequent application by public agencies and 
private consultants involved in coastal management. Protocols and principles 
will be shared with the relevant companies and agencies during the second year 
of our project as part of our outreach effort. 
 
Economic benefits generated by discovery 
As we are in the stage of collecting first baseline data for the southern 
California coastline, measurable economic benefits through applications from our 
baseline data are expected to follow after completion of this project. The 
immediate benefits from our project are primarily educational and scientific, 
through for example student training and participation in live demonstrations at 
the Bolsa Chica Visitor Center. 
 
Issue-based forecast capabilities  
The data collected during this project will provide the first baseline for 
determining future effects of (among others) climate change, changing land use, 
potential pollution etc at both Bolsa Chica Wetlands and Carpinteria Salt Marsh. 
Within this project, we expect primarily to clarify the effects of different 
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tidal regimes on nematode diversity and composition, which can in turn be used 
for predicting meiofaunal effects in subsequent engineering projects involving 
this and other wetlands in the region. 
 
Tools, technologies and information services developed  
Multifocal video images of microscopy specimens are being integrated into 
NemaScope, our experimental online resource for nematode identification (beta 
version at http://nemascope.cs.ucr.edu/ ) which will become a portal for visual 
diagnosis of nematode species from Bolsa Chica and other ongoing surveys. 
 
Publications  
Conference papers, proceedings, symposia  
Title: The need for the incorporation of phylogeny in the measurement of 
biological diversity, with special reference to ecosystem functioning research 
Authors: Ian Wm King 
Date: November 11-15th 2008 
Conference Title: World Conference on Marine Biodiversity 
Location: Valencia, Spain  
 
Peer-reviewed journal articles or book chapters  
Title: The need for the incorporation of phylogeny in the measurement of 
biological diversity, with special reference to ecosystem functioning research 
Authors: Ian Wm King 
Date: January 20th 2009 
Journal Name: BioEssays 
Issue/Page Numbers: 31(1): 107-116  
 
Theses, dissertations  
Title: Taxonomia Molecular dos Nematoda marinhos de regiões do Pacífico e 
Atlântico Sul 
Authors: Neyvan Renato Rodrigues da Silva 
Schools: Universidade Federal de Pernambuco, Brazil 
Date: December 12th 2009  
 
Please list any workshops/presentations given 
PI De Ley was invited to organize and present a one-week workshop on nematode 
systematics and molecular diagnostics to the meiofaunal research group of 
Professors Veronica Fonseca Genevois and Andre Morgado Esteves in the Zoology 
department of the Federal University of Pernambuco (Brazil), with funding from 
the national oil company PetroBras. This workshop was held on October 19th till 
23rd in Recife, Brazil with attendance by 12 Brazilian graduate students and 2 
Argentinian graduate students. 
 
Dissemination of results  
Day-long nematode microscopy demonstration booth during Earth Day celebrations 
at the Bolsa Chica Wetlands Visitor Center on April 20th 2008 and April 18th 
2009. Audience on both occasions was of mixed ages, covering all the range from 
small children to retired seniors, and a wide range of backgrounds from casual 
passers-by to dedicated naturalists. We also used this opportunity to network 
with other funded and volunteer researchers at BCW, and with representatives 
from the various agencies including CA Dept of Fish and Game. 
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Students  
Ian Wm. King 
University of California Riverside 
Department of Nematology 
Degree program enrolled in: Ecology, Evolution and Organismal Biology (PhD) 
Supported by Sea Grant funds? [x] yes [] no  
Start date: 02/01/2008 
End date: 01/31/2010 
 
Neyvan Renato Rodrigues da Silva 
Universidade Federal de Pernambuco, Brazil  
Zoologia 
Degree program enrolled in: Ciências Biológicas / Zoologia (PhD) 
Theses/dissertation title: Taxonomia Molecular dos Nematoda marinhos de regiões 
do Pacífico e Atlântico Sul 
Supported by Sea Grant funds? [] yes [x] no  
Start date: 03/01/2009 
End date: 12/12/2009 
 
How many students/volunteers were involved in the project? 3 
 
Cooperating organizations  
Federal  
National Science Foundation 
Awarded 3 years funding for development of the NemaScope online nematode 
identification website that will be used to generate an online identification 
key for neamtodes from Bolsa Chica Wetlands and other ongoing surveys, This 
project is collaborative between faculty from UCR's Department of Nematology and 
Department of Computer Science and Engineering, as well as colleagues from three 
other US universities. 
 
International implications  
Neyvan da Silva, a visiting doctoral student from the federal University of 
Pernambuco (Brazil) has collaborated with us on the generating and analysis of 
molecular barcodes from nematodes from Bolsa Chica, contributing to his 
successful doctoral graduation in December 2009. A joint manuscript reviewing 
meiofaunal barcode data is currently in advanced stage of preparation and this 
collaboration is also expected to lead to joint taxonomic descriptions of the 
probable new nematode species discovered at Bolsa Chica.  
 
Two sediment samples collected by us at Bolsa Chica State Beach are currently 
being processed for metagenomic analysis at the University of New Hampshire, as 
part of an international collaboration to obtain preliminary data on meiofaunal 
metagenomics from marine and estuarine sediments along the Pacific and Atlantic 
coastlines. If successful, this collaboration will lead to a collaborative grant 
proposal linking for the first time meiofaunal species list with measurable 
genomic diversity. We expect that this preliminary work will also greatly 
enhance our sea grant project by providing us with substantial additional 
sequence data at no extra cost to our own project budget. 
 
Keywords  
ecology, ecosystem functioning, coastal management, meiofauna, sediments, 
wetlands, estuaries, nematodes, inventory, biodiversity indices 




