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Coastal managers need to incorporate socio-economic, cultural, and environmental factors, and 

their interactions, in a scientifically sound and timely manner (Burbridge, 1998; Westmacott, 

2001).  Resource managers and planners have increasingly used volunteer-based monitoring to 

augment data collection for a myriad of marine topics such as sediment transport and seasonal 

beach response (Bokuniewicz, 1981), seabird surveys (Harris et al., 2006), water quality 

assessment (e.g., Jackson, 2009), and assessing marine habitat diversity (Edgar and Stuart-Smith, 

2009).  Besides gathering valuable information for managers, participation in volunteer 

monitoring efforts is often intended to also increase public awareness of environmental conditions 

and processes (Bokuniewicz, 1981; Gouveia et al., 2004; Jackson, 2009).  However, volunteer 

collected data is often dispersed and unstructured (Gouveia et al., 2004), as well as containing 

little spatial context, thereby limiting its utility.  Information and communication technologies 

including GIS may be used to improve access and use of such data sets, while also facilitating 

data collection and analysis, as well as communication between stakeholders, thereby increasing 

public involvement and awareness (Gouveia et al., 2004). 

 
This project provides a framework to geospatially visualize, analyze and record data collected 

through the Washington State University (WSU) Beach Watcher’s Intertidal Monitoring Program 

on Island County, Washington.  Since 1995, Island County WSU Beach Watchers have 

conducted annual surveys of beach slope, substrate, and diversity of plants and animals along 

transects at 38 beaches (Fig. 1). 

 

 
Fig. 1.  Beach Watcher’s Intertidal Monitoring Sites, Island County, WA. 

Interactive Map 

 



Using OpenLayers, GeoServer, PHP, and PostgreSQL with PostGIS extension, we developed an 

interactive, web-based map portfolio that allows on-line users to view the data collected for all 

the geomorphic and biotic variables outlined in the WSU Beach Watchers Beach Monitoring 

Procedures manual (Island County WSU Beach Watchers, 2003).  

 

The map viewer enables the user to easily compare data from up to four different years in four 

separate map panels (Fig. 2). Each map panel provides access through a table of contents to view 

and compare data sets, allowing one to ‘customize’ the shoreline data type, base layers, and 

position visible in the map frame. The visibility of each map's data layers can be set using the 

expandable Layer Tree Panels on the left side of the screen, using the checkboxes or radio buttons 

to turn the layers on or off.  Users can choose between different base layers for each panel, 

including aerial photography as well as topographic, shaded relief, land use, or street maps.  

 

 
 
Fig. 2.  Interactive web page used to select base layers, shoreline data types, and position within 

four synchronized map panels. 

 

 
Navigation Features 

 

The map viewer allows users to view data in a geo-synchronized manner, including dynamic 

scale bars, coordinates, and zoom and pan functions. Panning and zooming the Master Map 

controls the position of all four maps.  In addition, one can zoom the maps down to one location 

by using the Sampling Locations drawdown menu in the upper right hand corner of the screen 

(Fig. 3).  

 

 



 
 
Fig. 3.  Example of the interactive map zoomed to a single sample location, with different 

shoreline features displayed in each map panel (the legend tab may be adjusted to interpret the 

symbology for each panel, depending on the data layer selected for each). 

 
 

The Master Map can also be expanded to view only one map (Fig. 4). 

 

 
 
Fig. 4.  Example of expanded master map that allows larger scale viewing of various map layers 

for more detailed analysis of individual sample locations. 

 



Data Layers 

 

The map viewer allows access to other geospatial data sets that could be used to help interpret 

ecological and geomorphic distributions and trends, including recent aerial photography and other 

geospatial datasets such as drift cell and shore protection information, geology and substrate, 

shoreline type, land use available through government agencies such as the Washington 

Department of Natural Resources, Washington Department of Ecology, and the Environmental 

Protection Agency. The various shoreline data layers may be interpreted using and adjusting the 

legend tab to display symbology for each variable (Fig. 4).   

 

 

Species Data 
 

The species layer for each map panel is initially undefined. Populated by a Microsoft Access 

database provided by Island Beach Watchers,  it can be defined to show species richness or 

individual species counts or proportions at each sample site by year. Using the Species Data 

Menu at the top of the Layer Tree Panel, users may select the data to be displayed, initially 

choosing between the various sampling methods used by the Beach Watcher’s protocol:  belt 

transects, quadrats (by elevation: -1, 0 or +1 tidal elevation), or combined data sets (Fig. 5).  The 

user then systematically chooses specific data sets that include species richness, individual 

species grouped by phylum as well as scientific or common names, and sampling year.  

 

 
 

 
Fig. 5.  Example of species data selection process for individual map panels, providing choices 

for sampling techniques used, species richness, individual species by scientific or common 

names, and sampling year.  The final choice for each panel is reflected in the title of each map 

panel. 

 



The final choice for each panel is reflected by proportional circles for each variable centered over 

each sampling location, as well as in the title of each map panel (Figs. 5 and 6). Depending on the 

nature of the data collected, the proportional circles either provide individual counts (e.g. species 

richness, species counts within quadrat data) or percentages (e.g. proportion of transect sample 

intervals with species present or species coverage within quadrats).  

 

 
 
Fig. 6.  Example of a species richness map expanded to the master map panel to show detail.  

Note the total species counts automatically provided in the center of each proportional circle. 

 

 

Sampling Location Information  
 

The web-based map portfolio also allows access to graphs of nearshore beach profiles and 

substrate data collected through the monitoring program, as well as tables of sampling site 

information, yearly sampling conditions, and total species lists.  These data sets are accessible 

through links to each sample site, allowing users to create customizable graphs and tables to view 

and compare information for all available years of data for each site, thereby providing a means 

to visualize seasonal and annual trends. Combination of dynamic graphs and GIS has been 

similarly used in an internet-based DSS to visualize the spatial and temporal patterns and trends 

in water quality variables on the Lower Cape Fear River basin (Hallis, 2003) 

 
Left clicking on a location in the Sampling Location Layer on the Master Map opens a popup 

window containing site information about the location, and provides access to graphs of beach 

profiles and substrate (Fig. 7). Beach profile graphs initially show data from each sampling year, 

but may be customized by toggling specific years on the bottom of the graph, which 

automatically redraws profiles for the selected years.  Substrate conditions may be chosen by year 

using a drawdown menu. The series in the resulting bar graph represent the proportion of each 



substrate type found at sampling locations along the profile in relation the total number of 

sampling points. 
 

 
 
Fig. 7.  Example of sample location site information and accompanying interactive beach profile 

and substrate graphs.  

 

 

The sampling location information window may also be used to access yearly species lists and 

sampling conditions, accessible through a drawdown menu indicating all available years of data 

for the specific site (Fig. 8). 

 



 
Fig. 8. Example of sample location site information and accompanying interactive tables of 

yearly sampling conditions and species lists.  

 

Future Work 
 

Island County Beach Watchers maintain their data in a Microsoft  Access database. Currently, the 

interactive web site data is updated by importing the most recent version of the Access database 

into the website’s PostgreSQL database. We are developing an on-line form for data input that is 

similar to the field data sheet in the Beach Monitoring Procedures Manual.  This form would 

allow entry of field data so that spatial distributions could immediately be created and viewed in 

the web-based map portfolio, creating a living document for both entering and viewing 

monitoring data from future years. 

 

In addition, we are developing procedures to geospatially analyze the spatial distributions and 

temporal trends of species and beach profile data in conjunction with other related spatial 

datasets, including geomorphic types and drift cell conditions, habitat information, shoreline 

alterations, and land use. 
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