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Project Summary

The Woods Hole Oceanographic Institution’s (WHOI) Biology Department has been actively acquiring zooplankton samples from the world’s oceans since 1930.  In addition to widespread sampling of unique oceanographic provinces, WHOI has pioneered development and utilization of novel systems of plankton collections (Wiebe and Benfield, 2003).  The resulting accumulation consists of preserved zooplankton hauls, preserved benthic grabs, hand-collected preserved gelatinous zooplankton, and more recently analog and digital video of in situ plankton.

In 1976, the Biology Dept. constructed a building, the Biological Specimens Building (BIOSPECS) to serve as a repository for the increasing number of plankton and benthic samples collected on oceanographic cruises. Over the next two and one half decades, the number of samples easily doubled, numbering in the thousands.  Late in 2005, a serious mold infestation and general crowding prompted the Institution to conduct a thorough cleaning and reorganization of the space, including major mold remediation.  As a consequence of these poor conditions, the department is now seriously considering the state of its samples and is seeking to organize the collection to make it more useful and available for study.  A major addition to this effort would be to establish an on-line database of this extensive collection.  Making this information public will foster increased use of the collection by other oceanographers, particularly given the increasing use of the Internet as a research tool.  The large spatial and temporal collections can easily be used in monitoring the incidence and patterns of invasive marine species.  Issues concerning biodiversity, loss of natural habitat, deep-sea exploration, and conservation are making collections of this kind increasingly more valuable to fishery managers, conservationists, ecologists, and taxonomists.  For example, several of the holdings represent important historic sampling efforts, from which future changes in zooplankton diversity can be measured against.  For nearly all of the samples in our collection, accompanying environmental data are available. Furthermore, technological advances in oceanic sampling have resulted in optical and acoustical measurements of zooplankton/fish abundance; we hope to develop methods to catalog these data as well.

Project Description

Introduction

The Woods Hole Oceanographic Institution (WHOI) is a world-leader in ocean research and education.  Established in 1930, this private, not-for-profit corporation currently consists of five departments, four institutes, and three centers, each covering important aspects of ocean research, engineering, education, and policy.  To achieve understanding of the complexities of oceanic processes, the Institution has promoted the use of ships, observatories, and vehicles from which to obtain measurements and samples.  During the 75 years of WHOI’s existence, extensive plankton collections were obtained especially from ship-based ocean research.  Although a comprehensive catalog of samples does not presently exist, with individual investigators maintaining separate sample catalogs, we estimate the size of our plankton collections to be on the order of 17,000 samples.  This proposal seeks to enhance the availability of the plankton collections and to develop a web-based access and retrieval system to broadly disseminate description of the collections and associated oceanographic data to facilitate access and use of the collection by the broader scientific community, as well as by the general public.  

Description of the Collection
WHOI’s first oceanic plankton samples were taken from the research vessel R.V.  Atlantis, shortly after the sailing ketch’s maiden voyage in 1931 (Cullen, 2005).  From 1960 to the late 1970’s,WHOI’s fleet grew considerably, allowing oceanographic cruises to be conducted in all the world’s oceans, at depths from the surface to deep trenches. Large-scale, multi-institutional studies became popular in the 1980’s and continue to be important in studying critical areas of the ocean over a longer time frame.  Over the history of the Institution, an important and critical collection of biological samples has been established.
The geographic and temporal scope of the Institution’s collection is broad. Residing in the sample archiving building are bottom and mid-water collections from the Arctic, Antarctic, Pacific, and Atlantic Oceans, the Arabian, Mediterranean, and Black Seas, hydrothermal vent systems worldwide, and many smaller scale holdings from our local marine communities. Samples from as early as the 1930’s to last year are included.  For example, the collection includes plankton and fish samples from Georges Bank in the North West Atlantic for approximately 6 years under the auspices of the NSF/NOAA supported U.S.GLOBEC program.  This same program supported cruises in the Southern Ocean, in which plankton samples were collected for two consecutive years of cruises in both austral fall and winter off the Western Antarctic Peninsula.  

As a general rule, each cruise results in at least one and often several publications in refereed journals.  Workshops, seminars, and presentations at national/international meetings are a direct result of the data collected on a research cruise.  For example, the Southern Ocean GLOBEC program resulted in two special editions of the journal Deep Sea Research; six papers to date have documented zooplankton distributions and associated hydrography (Table 1). Other key collections include perhaps the only year-long cycle in zooplankton from the Arctic Ocean that exists in the United States (1997-1998; SHEBA ice camp), OTHERS?
  GRICE?  
  Plankton samples are typically collected onboard and preserved, necessitating sorting and other analyses such as biomass determination back in the laboratory.  Since marine crustaceans, which usually make up the bulk of the sample, routinely have 12 or more life stages, identification and other measurements are often done cursorily on a defined aliquot of the sample.  The sample is either kept separate or combined in the original preservative for any further detailed analysis. The number of samples collected can vary tremendously depending on the scientific objectives, time, and weather, but a typical two-week cruise often will return with over a hundred 1-liter jars of samples. 

While single cruises to remote or exotic areas provide valuable baseline information for taxonomists, conservationists and biodiversity researchers, multiple cruises to the same area provide useful information to fisheries managers, and biological modelers, and ecologists studying system structure, food-web interactions, phenology, and climate change.  In particular, recent changes in global climate and a dramatic increase in human activity near the oceans have prompted renewed interest among scientists in these long-term plankton collections, and in their continued retention and availability. For some regions, these preserved samples represent the only quantitative pre-disturbance (e.g, human induced, climate change) index of ecosystem health and structure.  As such, they are invaluable as resources for ecologists, conservationists, fishery managers, and biological modelers. In this same fashion, presence or absence of a species can indicate the spread or loss of individuals across the world’s oceans.  Recently declared rare species are often found in greater numbers in historic samples and can serve as ‘voucher’ specimens to use in identifying organisms which are difficult to distinguish from more common, closely-related species.  However, without a concerted effort to catalog and curate the plankton collections and a commitment on the parts of scientists and institutions to retain such collections, valuable historic plankton collections may be discarded.  For instance, zooplankton samples collected during the 1960s and 1970s from camps on ice islands in the Arctic Ocean were discarded by another institution during the late 1990s because of lack of storage space.  The Arctic Ocean is particularly vulnerable to climate change and this important collection would have been invaluable for comparison with present day samples.

 
 In addition, our zooplankton collections are important tools for taxonomists.  With the advent of recently developed tools of genetic testing, species identification and taxonomic relationships for nearly all zooplankton are in flux.  Since WHOI’s samples often come from difficult-to-sample regions of the world, they provide information on the global range of zooplankton which is important information to ecologists and phylogenists.  Furthermore, geneticists or physiologists can use ‘voucher’ specimens to correctly identify the organism used in their study.  Alcohol-preserved specimens can often provide useful DNA material for geneticists to further strengthen the phylogenic relationship of the target organism.

In 1976, the Woods Hole Oceanographic Institution constructed a building to serve as a repository for the increasing number of plankton and benthic samples collected on oceanographic cruises. Over the next two and one half decades, the number of samples easily doubled, numbering in the thousands.  Late in 2005, a serious mold infestation and general crowding prompted the Institution to conduct a thorough cleaning and reorganization of the space, including major mold remediation and critical improvements to the air handling and heating systems and the building infrastructure (e.g., sealing the floor).   Spurred on by these events, the Biology Department is now seeking to organize the collection to make it more useful and available for study by the broader scientific community. 


  
Given the breadth of expertise and diversity of interests at WHOI, it is not surprising that important collections exist of samples other than preserved organisms. In addition to preserved specimens, WHOI scientists have increasingly utilized imagery to document various aspects of ocean life.  Microbiologists and phytoplankton ecologists have hundreds of analog and digital images of cyanobacteria, protozoans, and phytoplankters taken with laboratory microscopes.  Zooplankton and fish biologists in the department also have collections of numerous living and preserved organisms that have been photographed.  Furthermore, there exist thousands of video tapes of in-situ footage of plankton; very little of this is publicly available.  Fish otoliths and larval bivalve shells are routinely collected throughout the world’s oceans and exist in laboratories within the Institution.  The Marine Mammal Group has a collection of frozen tissues from all marine mammal groups as well as extensive underwater recordings of whale/dolphin vocalizations.  Computerized tomography (CT) scans of individual dolphins and seals form yet another example of important collections here within the Biology Department.  As technology develops, we will continue to amass data on marine organisms in a novel manner.  All of this information is of tremendous value to students, educators, regulators, and to fellow scientists, providing that there are mechanisms guiding its availability to users.  On-line access to a database collating and documenting the collections of images would greatly increase availability of these data.

TABLE 1

Selected Sample Inventory

	Sample No./volume
	Taxonomy
	Location

	480 - 500ml
	Marine Zooplankton
	Arctic Ocean Ice Camp (SHEBA)

	30 - 500ml
	Marine Zooplankton
	Sea of Japan

	513 - 1000ml
	Invertebrates/vertebrates
	NW Atlantic: cold core rings

	1000- 5ml
	Euphausiids, identified
	NW Atlantic: cold core rings

	500- 5ml
	Chaetognaths, identified
	NW Atlantic: cold core rings

	1314- 1000ml
	Invertebrates/vertebrates
	NW Atlantic: warm core rings

	1000- 5ml
	Euphausiids, identified
	NW Atlantic: warm core rings

	500- 5ml
	Chaetognaths, identified
	NW Atlantic: warm core rings

	100- 1000ml
	Invertebrates/vertebrates
	NW Atlantic: slope water

	444 - 1000ml
	Invertebrates/vertebrates
	NW Atlantic: Georges Bank

	432 - 1000l
	Invertebrates/vertebrates
	NW Atlantic: Gulf of Maine

	66 - 100ml
	Invertebrates/vertebrates
	NW Atlantic: Georges Bank

	756 - 100ml
	Invertebrates/vertebrates
	Southern Ocean

	504 - 500ml
	Invertebrates
	NW Atlantic: Sargasso Sea (many bathypelagic)

	183 - 500ml
	Invertebrates/vertebrates
	NW Atlantic: Slope and Shelf: Eco-Mon time series

	162 - 1000ml
	Invertebrates/vertebrates
	NE Pacific: California Current

	50 - 1000ml
	Invertebrates/vertebrates
	Hot vent areas: Guaymas, Juan de Fuca, East Pacific Rise

	50 - 1000ml
	Invertebrates/vertebrates
	NE Pacific: Fieberling Seamount

	7 - 250ml
	Invertebrates/vertebrates
	NW Atlantic: Florida Strait


	Rate of Growth 2001-2006

	Year
	Number of samples

	2001
	15959

	2002
	16346

	2003
	16361

	2004
	16441

	2005
	16562

	2006
	17102


	Use of Collection (2001-2006)
	 
	 

	Year
	Professional Use
	Student Use

	2001
	215 copepods to UNH for genetics work, Dr. A. Bucklin
	Graduate, U. Penn., G. Rosenwaks,  - Southern Ocean samples

	2002
	811 copepods to UNH for genetics work, Dr. A. Bucklin
	Undergrad., U. Mass., C. Laquidara - Gulf of Maine collection

	2003
	460 copepods to UNH for genetics work, Dr. A. Bucklin
	31 euphausiids to UNH for grad. students working on DNA, Dr. A. Bucklin; Grad. student,
 WHOI/MIT, J. Warren - Gulf of Maine samples

	2003
	
	Undergrad., Duke U., P. Hull - Southern Ocean collection

	2004
	280 copepods to UNH for genetics work, Dr. A. Bucklin
	460 euphausiids to UNH for students working on DNA, Dr. A. Bucklin

	2005
	292 copepods to UNH for genetics work, Dr. A. Bucklin
	Undergrad. Swarthmore College, Y. Li - Southern Ocean collection

	2006
	82 copepods to UNH for genetics work, Dr. A. Bucklin
	Grad. student, WHOI/MIT, G. Lawson - Southern Ocean collection (2002-2006)

	2006
	7 euphausiids to UNH genetics work, Dr. A. Bucklin
	

	2006
	Reference collection Antarctic krill sent to Atlantic Reference Center, Canada

	2006
	122 Southern Ocean plankton samples to ARC for identification

	2006
	Dr. R. Stephen, NIO, India - CMarZ samples
	


	Research Impact (2001-2006)
	

	Year
	Publications
	Other

	2001
	4
	1

	2002
	1
	 

	2003
	
	 

	2004
	3
	 

	2005
	1
	 

	2006
	 
	100+

	
	
	

	Notable Publications:
	

	1)  Ashjian, et al, 2004.  Distribution of zooplankton …Deep Sea Res. II. 51:2073-2098.

	2)  Lawson, et al 2004.  Acoustically-inferred zooplankton…Deep Sea Res. II. 51: 2041-2072.

	3)  Wiebe, et al., 2004. Using a high powered strobe light… Marine Biol. 144: 493-502).

	4)  Bucklin, et al., 2002  Integrated biochemical, molecular genetic, and bioacoustical….Deep-sea Res.I. 49:437-462.

	5)  Madin et al., 2001  Zooplankton at the Bermuda Atlantic Time-series…Deep-Sea Res. II. 48:2063-2082.


Objectives:


We propose to establish an on-line database (Preserved Oceanlife Database, POD) documenting this extensive collection, including general description of each particular collection, project, or cruise and the specifics of sample collection, associated environmental data, links to on-line plankton abundances (if such on-line data exist), and digital imagery if existent.   To do so, we propose to identify and catalog our collection and make it accessible to others via an Internet-accessible database.  Since a complete inventory is unknown
 at our home Institution, a public database will be invaluable for the entire oceanographic community, legislators, and educators.

  
 To effect the establishment of a Preserved Oceanlife Database (POD) at WHOI will require two complementary efforts.  Since the designated collection building is currently undergoing its first renovation in 30 years, all samples will soon be examined.  The first step then is to clean, re-label if necessary, and organize on dedicated shelving, all existing samples.  Cleaning and re-labeling would be accomplished by the Instiution separately from the effort proposed here; organizing samples and collating sample information would be the first step of this proposed work.  Determining the existence of any ancillary information affiliated with the samples (cruise logs, sea temperatures, digital images, etc.) should take place at this time.  The second effort will consist of the establishment of a database and linking it to the Internet and to other relevant sites.  Physically entering data from the collection, checking for accuracy, and developing a user-friendly web access would be part of this effort.  Given the size of our collection, we would likely start by processing some of the smaller cruises and, once satisfied with our methodology and efficiency, proceed to some of the larger holdings.  New collections from recent cruises could be added more quickly, since most information would be collected in digital format. 

  During the first year, we propose to use several small collections with good documentation as the basis for the main collection (ie. SHEBA, Scheltema, Madin). These holdings will include oceanographic plankton hauls and individual specimen collections, from which we will design the database and implement the on-line search capacity.  Once this showcase group is established, we will implement recent, large cruises with accessible documentation (ie. Southern Ocean GLOBEC, Georges Bank GLOBEC).  Cataloging the remaining cruises and collections will an important last step, as many of these samples are historic.  However, at present, it is difficult to assess exactly how many samples this represents.  Pursuing pertinent cruise information for older samples will take more time to find and translate.  Future samples should present the least difficulty to include in the POD database, in that the associated data will likely be better organized and most will be in an electronic format.
  At the present time, we propose to catalog primarily existing zooplankton and fish samples.  As awareness of the Preserved Oceanlife Database increases, we expect more scientists within the Institution to come forward with samples.  Furthermore, as scientists retire, more and more samples will become available for cataloging.  In addition, we expect the potential for including ‘non-traditional’ samples to rise; storage media has a defined shelf-life and this will make conversion of analog biological samples to digital media an urgent need.  Cataloging traditional samples will be our first priority, but we will explore the potential for alternative collections as time and technology permits and to pursue additional support in the future to build on the database.
The goal would be that scientists seeking to use the collection would contact investigators at WHOI, either those associated directly with the individual collections or those in charge of the database, and make arrangements to visit WHOI to use the collection.  Guest investigators frequently visit the Institution and work in our laboratories and we would be delighted to accommodate such visits to the collection.  

These pieces need to go someplace…

 For other samples within our collection, single organisms have been preserved to be used as voucher or type specimens for identification.  Posting a digital photograph of the sample specimen on a web-accessible database would be a useful tool for both scientists and the general public; several existing websites do this for phytoplankton, protozoa, and fish.  

Using digital photography, an updated photograph can be provided for researchers involved in identifying the species in question.  


Description of the Database

a. 
The underlying database engine used to store the project’s data will be the MySQL relational database program running on an existing data and web server used by the U.S. GLOBEC and other projects.  We will write web-based Common Gateway Interface (CGI) applications in Perl and/or PHP to enable people to query the database, and retrieve information and images using a geographical bounding box, named geographical location, data and time, platform name, scientific investigator name, key words, etc.  We will also use the JGOFS/GBOBEC data management system as an alternate way to access the data from any standard web browser.  Access to other related information will be accommodated by storing web addresses (Universal Resource Locators (URLs) in the database.
Once the database structure is designed, data entry will also be accomplished via the web to facilitate easy access by authorized data entry people.  Final review and editing of all data stored are essential to maintain quality control.  
Significance, Broader Impacts, and Outreach
By establishing a public, on-line catalog of specimens and oceanographic samples, we will be able to assist educators seeking images to use as teaching tools, provide information to high school students for science projects, and provide mentoring programs for pre-college students interested in the science of taxonomy or biological oceanography.  It is hoped that some participation in the cataloging and data-entry be made by summer students from underrepresented groups; an existing program at WHOI would be our source for students.  Within the town of Falmouth exists an extensive network of volunteers, many whom are retired scientists. We plan to post a request to this community group, as well.  Establishment of a large plankton database with links to other databases, will enhance the infrastructure for research and education in the field of biodiversity, which serves as a basis for many biological disciplines such as systematics, evolution, ecology, molecular genetics, zoo-geography, etc. WHOI is committed to maintaining and streamlining this facility by providing the hardware and support for the database server through the U.S. GLOBEC office.  Posting this facility on the WHOI website, together with links from other databases such as MCZ
’s Fish Database and the MBL’s UBio, will effect broad dissemination of the collection’s holdings.  While the sharing of samples and associated data is implicit in all NSF grants, the existence of less recent cruise samples are not necessarily well known.  It is hoped that this database will encourage other institutions to publish their lists of samples.  Some of the actual specimens and samples are displayed at the Institution’s Exhibit Center, which is open year-round to visitors to Woods Hole.  Information pertaining to the Preserved OceanLife Database can be posted next to the exhibit.   General benefits of the proposed database to society consist of public awareness of life in the ocean, information for fisheries managers and students of biological oceanography, and a published archive of organisms useful to environmentalists, public policy managers, and ecologists.

Policy for Use of the Collection
The use of the Preserved Oceanlife Database at WHOI is encouraged for all users, however WHOI reserves the right to update the database at any time.  We will make every attempt to be sure that the information presented is accurate and will welcome comments by any users who may find corrections in the dataset.  Requests to examine samples will be submitted to the POD manager, who will forward them to the Principal Investigator who collected them, or in the event of legacy collections, to the Biology Department Chair. Arrangements for Visiting Investigators shall be made through the Biology Department in coordination with the sponsoring scientist. While users will be encouraged to examine samples on site, loans to individuals or institutions will be considered.  Loaned samples must remain at the recipient’s premises and not be transferred to third parties.  Students may obtain loans provided that their advisor or home institution assumes full responsibility, in writing. An invoice describing the sample lot will accompany the samples and shipping costs will ordinarily be borne by the requester.  Loans will normally be made for 6 months.  Destructive sampling of any specimen will need prior approval from the assigned owner.  In the event of any genetic analysis, the sequence data should be returned to the collection in either raw form or in a publication.  The acronym “WHOI-POD” should be used when referring to specimens from the collection and two reprints of any publication resulting from the study of the borrowed material should be sent to the POD manager.

Project Management and Team

P. Alatalo will be the primary contact for the project and will have overall responsibility for the organization and development of the web site and sample cataloguing system.  He will collect sample collection information and ancillary data (e.g., environmental) from the Institution scientists who collected the samples, when possible, and from the individuals responsible for the older, historical collections.  He will begin data entry for the database and will be responsible for checking its accuracy.  N. Copley will also assist in labeling, organizing samples, and data entry.  N. Copley is familiar with a large proportion of existing samples within the collection and their associated geographic information.  P. Alatalo and N. Copley are veterans of many of the same sampling cruises and are very familiar with preservation methods and taxonomy.  N. Copley and D. Allison together will establish the database and the web portal and design the website.  We anticipate that the website will resemble, and function in a manner similar to, the Census of Marine Zooplankton Website (www.cmarz.org) that was established and is presently maintained and expanded by the Copley/Allison team.   M. Allison will be primarily responsible for the upkeep of the database. R. Groman will oversee the design and establishment of the database and links to other databases.  We anticipate also involving local high school or undergraduate students in data collection and entry during the summer, under the supervision of Alatalo, Copley, or Allison.  

The Woods Hole Oceanographic Institution provides ongoing support of the collection by providing a building dedicated to housing the samples and limited support for M. Dennett to oversee the facility.  The Institution is presently renovating the building that houses the samples to improve the climate control system (improved air-handling equipment) and to improve the storage facility (new boxes, improved shelving, sealing the floor).  As part of this process, the exterior of all sample containers will be cleaned and disinfected to remove and retard mold and relabeled.  The Biology Department will promote the website in an in-house on-line publication and will seek funds to keep the database current and active. Upon completion of one or more of the larger datasets, we will present a seminar at the Institution explaining the POD operation.  Scientists from the Woods Hole Scientific Community (Marine Biological Laboratory, National Marine Fisheries Service, Sea Education Association, Woods Hole Research Center, United States Geological Survey) are specifically invited to WHOI seminars and notices of upcoming seminars are posted to the general public.
Results from Prior NSF Support
C. ASHJIAN and P. WIEBE (Wiebe, Ashjian, Davis, Gallager). OPP-9910307: WinDSSOcK: WINter Distribution and Success of Southern OCean Krill, $1,423,505 (October 2000-September 2003). 

The U.S. SO GLOBEC Program conducted a study of the shelf circulation on the western Antarctic Peninsula continental shelf, sea ice formation, and Antarctic krill (Euphausia superba) distribution, survivorship, and availability to higher trophic levels. The broad-scale distribution of krill in the study area relative to the distributions of other zooplankton and to regional circulation and seasonal changes in ice cover were determined in this study.  Three instrument platforms were used on four RVIB N.B. Palmer broad-scale cruises in Austral falls and winters of 2001 and 2002: a 1-m2 MOCNESS, the BIOMAPER-II (acoustic, video, and environmental data), and a ROV with a camera.  Findings are reported in four cruise reports, four published papers to date (Ashjian et al., 2004; Lawson et al., 2004; Wiebe et al. 2004; Lawson et al., 2005) and twelve talks/posters presented at national and international meetings.  Several other papers are in preparation.  Much of the processed MOCNESS and BIOMAPER-II data are available on the U.S. GLOBEC web site and database.  Two high school students, three undergraduates, and two graduate students participated in acquisition and laboratory processing of the data sets.  The acoustic data, augmented by the plankton net samples, were the subject of G. Lawson’s dissertation.

P. ALATALO has no funding from the NSF to date.
�What about the DSR volume for  U.S. GLOBEC Georges Bank?


�What does this mean?  Do you want to say that we don't currently have such an inventory?


�What pieces?


�Who is this?





