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Abstract 
 

Stable carbon (δ
13

C) and stable nitrogen (δ
15

N) isotope values in particulate organic matter 

provide natural markers that can be used to trace animal foraging and movement patterns in 

marine systems. These isotope values are dependent upon the values at the base of the food web 

which can vary temporally depending upon the chemical, physical, and biological processes that 

dominate different geographic areas. Therefore, understanding the potential for spatial and 

temporal variation in the δ
13

C and δ
15

N values from organic matter at the base of marine food 

webs is important for their best use as meaningful tracers of organisms in marine systems. We 

analyzed the δ
13

C and δ
15

N values from particulate organic matter (POM). Particulate organic 

matter (POM) can be defined as a mixture of living organisms as well as detrital material such as 

phytoplankton, zooplankton, bacteria, fecal pellets, continental detritus amongst others (Savoye 

et al., 2003). These POM samples were collected across five seasons from 2012-2013 at 30 

sampling stations in collaboration with the California Cooperative Ocean Fisheries Investigations 

(Cal-COFI) program to create  high resolution isotope maps or isoscapes of the Southern 

California Bight in the eastern Pacific Ocean. We created our isoscapes using a continuous 
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surface approach where POM δ
13

C and δ
15

N values from known collection stations were used to 

spatially interpolate isotope values in areas without measurements.  

 

The isotope values varied by season and year, but the overall variabilities observed across all 

seasons and the entire region were fairly constrained with mean (±SD) POM δ
13

C and δ
15

N 

values of -22.7±2.0‰ and 8.0±1.5‰, n=336, ranging from δ
13

C: -27 to -13.5‰, δ
15

N:  3.5 to 

12‰. To assess isotopic variability among seasons for each collection location, we created maps 

of the standard deviations from the POM δ
13

C and δ
15

N values at each collection station over the 

five seasons. Variability in the POM δ
13

C and δ
15

N values among seasons was most evident in 

the region of the Santa Barbara Channel which is most likely driven by seasonal changes in 

upwelling intensity which can influence isotope values. Our data allowed us to examine the 

potential for fine-scale seasonal and spatial variability in the POM δ
13

C and δ
15

N values to a 

degree that marine isoscapes created from meta-analyses of isotope data collected at ocean basin-

wide scales are less able to investigate. In addition, we created a large-scale isoscape of the 

Southern California Bight that will contribute to a future isoscape of the Pacific Ocean and allow 

for the optimal interpretation of stable isotope data from the  marine vertebrates of conservation 

interest that utilize these waters year-round or during their seasonal migrations. Finally, our 

creation of a high resolution marine isoscape sets the framework for long-term isotope analysis 

within the Cal-COFI program, creates a methodology for the development of global marine 

isoscapes for their use in marine conservation, and provides insights into the potential for 

seasonal, yearly, and spatial variations in the stable isotope values that are used to create marine 

isoscapes.   
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Introduction 

 

The collection of meaningful movement and dietary data for the applied conservation of marine 

vertebrates is difficult, as these animals are frequently hidden from view and logistically 

problematic to track. Spatial analysis of stable carbon (δ
13

C) and nitrogen (δ
15

N) isotope ratios 

from organic materials at the base of a food web can aid our understanding of animal migration, 

foraging, and pollution patterns in ocean environments (McMahon et al. 2013) and thus inform 

marine spatial planning and ecosystem-based management. Stable isotope values within living 

organisms vary predictably and reflect the isotopic sources at the base of a food web. Therefore, 

they can be used as natural or "ecogeochemical" markers (McMahon et al. 2013) to track specific 

organisms through isotopically distinct geographic regions, thereby allowing us to reconstruct 

animal diets and movement patterns.  

 

Due to variable biological, chemical, and physical oceanographic processes, different areas of 

the ocean have distinct stable isotope signatures (Gruber et al., 2008). Upwelling patterns, which 

are driven by wind (Chenillat et al., 2013), are the primary drivers of ecosystem productivity in 

the eastern boundary current systems (Thompson et al., 2012). Other oceanographic processes 

influenced by upwelling can indicate changes at the base of marine food webs. Some of the 

processes that can vary regionally and seasonally driving variation in POM δ
13

C and δ
15

N values 

at the base of marine food webs include local pools of dissolved inorganic carbon, upwelling, 

temperature, distance from shore, and patterns of nitrogen utilization (e.g. N2 fixation vs. 

denitrification).  
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POM δ
13

C 

Dissolved organic carbon, seasonal upwelling variability, temperature, and distance from shore 

are important variables when looking at changes in POM δ
13

C in marine systems. The local pool 

of dissolved inorganic carbon (DIC) has a great influence on δ
13

C. The DIC pool is strongly 

influenced by temperature and CO2 in the ocean. Organic material sinks and becomes re-

mineralized causing C13 DIC to be lower at depth than on the surface. In addition, sea surface 

temperature (SST) has an inverse relationship to dissolved CO2 concentrations. (McMahon et al., 

2013)  

 

Seasonal variability of δ
13

C can be driven by a number of factors influencing water mass 

properties. Driving the most change in δ
13

C is seasonal upwelling (typically in late spring and 

summer) which can be a source of significantly low surface δ
13

C (McMahon et al., 2013). 

Seasonal changes in sunlight and advective nutrient inputs from upwelling near the coast and 

offshore are the main drivers of changes in productivity (Thompson et al., 2012). In the 

nearshore, fluctuations in terrestrial run-off could impact these conditions as well as 

phytoplankton productivity and growth rates. Temperature and the CO2 in the water could also 

be causing a lot of these changes. The composition of primary producer species can also be a 

significant contributing factor to seasonal variability of δ
13

C. Geographically, there have been 

patterns of larger variability of δ
13

C in higher latitudes that have large temperature variations. 

Typically lower latitudes have less variation due to less variable temperature and productivity 

patterns. (McMahon et al., 2013)  
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In the ocean there are large differences from intertidal and pelagic C13 isotope signatures due to 

variations in temperature, dissolved CO2 levels, phytoplankton growth rates, and if the system is 

energized by phototrophs or chemotrophs (Ben-David et al., 2012) The nearshore stations are 

more typically δ
13

C enriched than offshore meaning that there are higher nutrient concentrations 

and higher levels of productivity nearshore. The pelagic offshore area as opposed to the 

nearshore is typically more δ
13

C depleted due to lower nutrient availability and has lower 

phytoplankton growth rates. Also, in the offshore regions there is less δ
13

C coming from benthic 

macrophytes in comparison with the nearshore environment. In the Southern California Bight 

there are steep gradients of δ
13

C from the nearshore to offshore, this is due to strong upwelling 

and seasonal nearshore phytoplankton blooms. (McMahon et al., 2013)  

 

POM δ
15

N 

Nitrogen in the ocean can best be described through a budget of sources and sinks. The sources 

of nitrogen are river run-off, atmospheric deposition and N2 fixation by cyanobacteria 

(McMahon et al., 2013). When nitrogen is added to the ocean through the atmosphere, 

diazotrophs convert atmospheric N2 into ammonia, which converts nitrate that can be used by 

organisms.  

 

Denitrification removes nitrogen and is known as a sink. This is the metabolic process by which 

microbes breakdown organic matter by using oxidized nitrogen, as opposed to oxygen. 

Denitrification occurs in areas where oxygen conditions are low due to a more energetically 

efficient aerobic respiration process. Therefore, areas of high productivity and low oxygen can 

lead to denitrification. The denitrification processes favors the lighter isotope uptaking N14 by 
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microbes and leaving the residual nitrate pool enriched with δ
15

N. As a result, δ
15

N are elevated 

in areas of low oxygen and high productivity. The lowest δ
15

N would be expected during peak 

upwelling seasons of spring and summer due to sensitive upper ocean conditions. The uptake of 

nitrate depends on how nitrate is supplied to the surface, when there are low oxygen conditions 

and high productivity, we would expect the δ
15

N values to be high at the surface.  

 

The size of the phytoplankton can also change fractionation rates influencing the remaining pool 

of δ
15

N. Oligotrophic areas have smaller phytoplankton and longer food webs while eutrophic 

areas have larger plankton supporting shorter food webs.  

 

The variation of δ
15

N from nearshore to offshore systems can be explained through nearshore 

terrestrial runoff or a nitrogen fixation process. The pelagic systems are usually enriched with 

δ
15

N due to assimilated subsurface NO3- (Ben-David et al., 2012).  

 

Creating Isoscapes 

Despite the extent to which these processes may influence isotope values, little has been done to 

map these potential variations across regions within ocean basins considering scale, space and 

time, but, recent work has been done by Bowen et al. (2014), McMahon et al. (2013), Graham et 

al. (2010), and Schell et al. (1998). Without accurate stable isotope maps, or “isoscapes”, of the 

ocean, the application of stable isotope analysis to the reconstruction of animal diets and/or 

movement patterns is limited.   

The creation of marine isoscapes has been used in prior studies. The methods for the construction 

of isoscapes vary from applying Bayes Theorem to climate databases (Bowen et al., 2013), 
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focusing on a long time series with very few stations for a large geographic area (Schell et al., 

1998), or disregarding the time series and constructing the largest database possible to run an 

interpolation (McMahon et al., 2013). Given the variability of oceanographic processes 

throughout time and space, and the potential for climate change to increase this variability, 

finding the best practices for mapping and analyzing these patterns is a crucial step in developing 

isoscapes. Creating high resolution maps is also important and requires the collection of stable 

isotope data at a multitude of stations throughout an area of interest to increase the accuracy of 

the interpolation. 

 

To better understand the underlying mechanisms driving spatial and temporal variability in 

marine isoscapes, we analyzed the  δ
15

N  and δ
13

C values from particulate organic matter (POM) 

collected at ~30 stations sampled over 5 seasons from summer 2012 to summer 2013 in the 

Southern California Bight. From these data, we created seasonal isoscapes and calculated the 

standard deviations of the POM δ
13

C and δ
15

N values over time to determine temporal and 

regional variability. Finally, we ran a model fitting function to find the best fit predictor variables 

for each season.  

 

Methods 

 

The California Cooperative Ocean Fisheries Investigations (Cal-COFI) was originally 

established in 1949 to study the collapse of the sardine population off of California. The focus 

has further developed and shifted into a long term study of the marine environment off of 

Southern California. Cal-COFI collects a suit of data ranging from biological data to 
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hydrographic surveys. The cruises are conducted quarterly. Most recently, Cal-COFI has 

collected 5 seasons to study POM δ
13

C and δ
15

N.  

 

Study Site 

The region of these data collected by Cal-COFI can be described as the Southern California 

Bight or the bend of coastline 700m from Point Conception in Santa Barbara County, California 

to the area south of Ensenada, Mexico (Schiff, 2014). The Southern California Bight is one of 

the most variable regions in the world. The area’s unique geographic location is a focal point of 

oceanic upwelling driven by extremely variable weather conditions over time. The Southern 

California Bight is unique due to the mixing of the California Current’s subarctic waters flowing 

from the north in the offshore region and the California Counter-Current’s subtropical waters 

flowing from the south close to the shoreline. These oceanographic patterns create a unique area 

of high biological productivity and variability. The establishment of the amount of variability is 

important when studying stable isotopes and attempting to link tissue samples to geographic 

locations. The Southern California Bight contains approximately 30 marine mammal species 

(NOAA Fisheries, 2013), 53 pelagic species of birds (McGrath and Feenstra, 2005), 500 marine 

fish species and over 5,000 species of invertebrates (Schiff, 2014). Many marine mammals and 

seabirds that utilize this area have specific importance to the Channel Islands, the location for the 

largest breeding grounds for the California sea lions, and breeding sites for northern elephant 

seals, harbor seals, and northern fur seals. There are also many cetacean species that use these 

waters, both year-round and during their migrations between Mexican calving and Alaskan 

feeding grounds.  
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Data collection, Cal-COFI 

Since July of 2012, Cal-COFI has been collecting particulate organic matter (POM) samples for 

the Kurle Lab. POM samples are collected for approximately 30 stations located in the California 

Current Ecosystem. The water samples are collected at depths ranging from 8-12 meters and 

collected in either 1.04 or 2.2 Liter, brown polypropylene bottles. Smaller volumes are collected 

when chlorophyll concentrations are higher measured from the CTD instrument fluorometer. 

Coastal stations typically have higher chlorophyll concentrations. The samples are then filtered 

on precombusted Whatman GF/F 25mm under low vacuum pressure (40 mm Hg). The filter is 

removed and folded in half protecting the POM on the inside of the filter followed by wrapping 

the filter in precombusted aluminum foil. The samples are then stored in liquid Nitrogen and 

transferred post cruise to a -20°C freezer.  

 

Stable Isotope Analysis 

After carefully unfolding the filer papers and working with them inside clean, glass Petri dishes, 

the POM from the filter paper was scraped off with clean forceps and transferred to a labeled 

cryovial. The contents were then freeze dried for 24 hours. After freeze drying the samples, the 

samples were homogenized. Samples were then weight out to 10-20mg of material and placed 

into a 5x9 tin capsule, folded and stored in a 96 well plate. The well plate spaces were recorded 

in order to keep track of the samples. The POM samples were then sent to the Mass Spectrometer 

lab at UC Santa Cruz to be processed for δ
15

N  and δ
13

C. (“Particulate Organic…”, 2014) 

 

Techniques  
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As an initial step to analyzing the results from the given seasons, Cal-COFI, Summer 2012, Fall 

2012, Winter 2013, Spring 2013 and Summer 2013, these data were brought individually into 

Ersi’s Arc GIS software and displayed by season with δ
15

N  and δ
13

C (See Appendix I for 

metadata on processing steps, Appendix II & III for maps and labeled stations, and Appendix IV 

for a spreadsheet of the data). The spatial technique used in Arc GIS was interpolation. An 

interpolation takes a limited number of sample data points and predicts values for cells in a raster 

(“An overview…”, 2012). Generally, interpolation is used to predict unknown values from 

geographic point data. When objects are spatial correlated, the points that are closer together 

usually have similar characteristics.  

 

Results 

Variability of POM δ
13

C and δ
15

N 

Variability was derived by calculating the standard deviation at each point, these are not 

isoscapes, these are variability maps.  Variability amongst seasons was most evident in the 

region of the Santa Barbara Channel for POM δ
13

C and δ
15

N values. In order to see this 

variability, two maps were created by taking the standard deviation of each point throughout the 

five seasons for δ
13

C and δ
15

N values. The maps were interpolated using the same methods in the 

techniques section above.  
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Figure 1. Stable Nitrogen Variability (Standard Deviation) Map for 5 consecutive seasons, Summer 2012 - 

Summer 2013 
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Figure 2.  Stable Carbon Variability (Standard Deviation) Map for 5 consecutive seasons, Summer 2012 - 

Summer 2013 

 

These plots, Figure 1. and Figure 2. show variability derived from calculating the standard 

deviation at each point, these are not isoscapes. The most variability in both figures exists in the 

unique geographic area of the Santa Barbara Channel. This area is important due to the large 

amount of variability compared to the rest of the region. The Santa Barbara Channel variability is 

most likely due to coastal upwelling coming down from the north and the California Counter-

Current mixing in from the south. This area is narrow and relatively shallow compared to the rest 

of the region; therefore it has a lot of mixing creating variability in both stable nitrogen and 

stable carbon signatures.  
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Discrimination Factors 

Tissue turnover rates are very important when recognizing isotopic patterns through trophic 

levels. There are two categories when discussing amino acids in carbon and the metabolism 

process, essential (indispensable) and non-essential (dispensable). Essential amino acids in an 

organism cannot be processed from materials available to cells at a speed fast enough for the 

demands of normal growth. Non-essential amino acids can be processed by all species in 

quantities sufficient to maintain normal growth. The primary producers at the base of the food 

web have no trophic discrimination and therefore contain the consumer essential amino acids 

isotope signature C13. (McMahon et al., 2013) As the essential amino acid C13 isotope signature 

bioaccumulates throughout the food web, the signature remains. Upper trophic levels feed on 

many sources and have slower tissue turnover issue rates (McMahon et al., 2013).  

 

Ocean discrimination factors typically range between 3-5 per mil between predator and prey 

trophic levels, therefore, the limited range of our results, 1.7 and 1.2 (Standard deviation), can be 

used as an indicator for the base of the food web. All of the values range from δ
13

C: -27 to -

13.5‰, δ
15

N:  3.5 to 12‰. 

δ
13

C (‰)  δ
15

N (‰)  

-22.65 ± 1.7  8.04 ±  1.2  

Figure 3. Mean and the Standard Deviation of approximately 336 samples over 5 consecutive seasons, 

Summer 2012 - Summer 2013, n=168 

The relatively low variability for the Southern California Bight can be used to collaborate with 

other oceanographic regions and studies in the Pacific to help define unique isotope signatures in 

other geographic regions. Other similar sampling grids exist in within oceanographic studies in 

Japan and Canada.  
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Spatial Autocorrelation 

Spatial autocorrelation was also run on these results using the Step AIC function. Step Akaike 

Information Criterion (AIC) is a function that is an asymptotic estimator of relative information 

expected. It is a type of likelihood theory which looks for correlations amongst variables. The 

Step AIC function was run in order to find the best predictor variables for δ
13

C and δ
15

N values 

in the Southern California Bight. Certain variables were chosen based off of previous studies and 

knowledge of environmental components that would impact POM. The variables used when 

looking for spatial correlations were, temperature, salinity, chlorophyll A, oxygen, density of 

water, silicate, phosphate, nitrate, ammonium, distance from shore, latitude and longitude.  

 
Figure 4. Spatial autocorrelation was run for 5 seasons, Summer 2012-Summer 2013, on the correlation between the above 
variables and POM stable carbon and stable nitrogen isotopes. Y= ‘Yes’ and N= ‘No’ referring to the season containing or not 
containing that environmental component.  

The above image, Figure 4., displays the best fit environmental variables with our stable nitrogen 

and stable carbon isotope data. Silicate, temperature, latitude, longitude, oxygen, and nitrate 

appear to be the best predictor variables for our data based off of a qualitative selection analysis. 

In reference to qualitative analysis, the top three best fit models for each environmental 

component were selected and then the variables from all of the seasons that only contain less 

than two “N”’s or ‘No’s’ were selected as important predictor variables.  

Summer 2012 Fall 2012 Winter 2013 Spring 2013 Summer 2013

δ
13

C  δ
15

N δ
13

C  δ
15

N δ
13

C  δ
15

N δ
13

C  δ
15

N δ
13

C  δ
15

N

Silicate Y Y Y Y Y Y Y Y Y Y

Temperature Y Y N Y N Y Y Y Y Y

Latitude Y N Y N Y Y Y Y Y Y

Longitude Y N Y Y Y N Y Y Y Y

Oxygen N N Y Y Y Y Y Y Y Y

Nitrate Y Y N Y N Y Y Y Y Y

Density of Water Y Y N Y Y Y N Y N Y

Salinity Y N N Y N Y Y Y Y Y

Phosphate N N Y Y N Y Y Y Y Y

Distance from Shore N Y Y N N Y Y Y Y Y

Ammonium Y Y N Y N Y Y N Y N

Chlorophyll A N Y Y N N Y Y N Y N
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Discussion 

Our results indicate that the Santa Barbara Channel appears to be the most variable region over 

time and space which emphasizes the need for an accurate isoscape as a tool to correctly match 

tissue samples to a geographic location. When linking stable isotope tissue samples to this 

geographic region, especially in the Santa Barbara Channel, it is important to re-create the 

isoscape based off of the spatio-temporal conditions.  These data also emphasize the need for 

approaching this type of analysis with caution and carefully considering patterns of 

oceanographic variability. When creating an isoscape, the determination of potential spatial and 

temporal variations due to dynamic ocean conditions are essential for their application to track  

diet and movement of marine animals.  

 

High resolution isoscapes can define isotopically distinct geographic regions on a global scale 

leading to a better understanding of oceanographic drivers in marine stable isotope values. In 

reference to scale, scale refers to the ratio of the map or the fraction, for example, 1:500 would 

be a large scale map and 1:100,000,000 would be an extremely small scale map. Scale is 

important when establishing an isoscape. When the scale becomes broader or moves from a large 

scale map to a small scale map, the isoscape also becomes broader, defining a region with lower 

resolution. With the application of these collected data, a high resolution, large scale map is most 

useful for studying the patterns of variability in this particular region. When ‘zooming out’ or 

placing these data on a map of the entire Pacific Ocean, this region becomes broadly defined and 

very accurate for trans-Pacific migratory studies. We would expect to see an extremely variable 

range of stable isotope signatures across the Pacific, varying with certain components that may 

affect particulate organic matter such as nutrients, temperature, oxygen, and depth.  
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In regards to finding the best predictor variables by running the StepAIC function, we would 

need more data to more accurately find a spatial autocorrelation. For now, silicate, temperature, 

latitude, longitude, oxygen and nitrate are our important environmental variables that correlate 

best with our data. If given an accurate predictor variable, further understanding and creating 

isoscapes would be more feasible because certain oceanographic data such as temperature and 

oxygen are collected frequently.  

 

Conclusion 

Further research and collaboration is necessary for the applied use of ‘isoscapes’. Climate change 

and ocean acidification are heavily impacting the biological, physical and chemical compositions 

in the ocean and isoscape research could help recognize these dynamic changes. Research in 

tissue turnover rates, fractionation factors and isotopic routing are also important for further 

studies of isoscapes when tracking animals through foraging patterns. (McMahon et al., 2013) 

The applied use of isoscapes can also contribute toward marine spatial planning by contributing 

to the understanding of the duration of time spent foraging by particular animals in certain areas. 

For example, managers of endangered marine species can shift areas of protection based upon 

the foraging patterns estimated by stable isotope values and marine isoscapes.  In addition, 

certain outreach components such as sponsoring an animal, can eventually be incorporated into 

animal tracking patterns with isoscapes further connecting the community with the ocean. 
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Appendix 

 

I. Isoscape Metadata 

II. Maps of POM δ
15

N for Summer 2012, Fall 2012, Winter 2013, Spring 2013, 

Summer 2013 

III. Maps of POM δ
13

C for Summer 2012, Fall 2012, Winter 2013, Spring 2013, 

Summer 2013 

IV. Data, Cal-COFI and Isotope Values 
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APPENDIX I.  Isoscape Metadata 

 

Creating an ‘Isoscape’ in ESRI’s ArcGIS 10.2 

Step 1. Prepare the spreadsheet. The spreadsheet being used should only have a header labeling 

each column. Column names should not have any special characters. The spreadsheet should not 

contain any formulas or functions, if so, copy and paste data ‘as values’ in excel. The latitude 

and longitude values should be in decimal degrees. The last step would be to save the file as a 

‘.csv’ or ‘comma delimited’ file type.  

Step 2. Bring these data into ArcMap. When opening ArcMap, select the blank map option. 

Then, select the icon on the top right of the screen for ‘Catalog’. The ‘Catalog’ will provide a 

way to easily find files and folders. Within ‘Catalog’ select the ‘Connect to Folder’ icon, find the 

path of the folder with the ‘. csv’ file and select it. The ‘Connect to Folder’ should leave a path of 

the file within the ‘Catalog’ window. Simply drag the ‘.csv’ into the ArcMap blank map 

document; this will be displayed under the ‘Table of Contents’ window. Right click on the ‘.csv’ 

document, and select ‘Open’ to view the table or commonly known in ArcGIS as an attribute 

table. Select ‘File’, then ‘Save as’ and save your map as an ‘.mxd’. 

Step 3. Display these data as ‘X,Y’ coordinates. In order to display these data in ArcMap, right 

click on the ‘.cvs’ file and select, ‘Display XY Data’, in the window select the longitude attribute 

for X,  the latitude attribute for Y. The next important step is to select the coordinate system that 

best fits the geographic location and analysis processes. In the case of these data, choose 

‘WGS_1983’, or “World Geodetic System” which is a projected geographic ellipsoid. After 

selecting a coordinate reference system, click ‘Ok’. 
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Step 4. Export data as a shapefile. After displaying these data, it is important to create not just a 

display but, an actual file containing these data. Right click on the display file and select, “Data”, 

then “Export Data”. In the new window, select the location and rename the file.  

Step 5. Create a raster. On the top right of the screen select an icon that says ‘Search’. In the 

window search for ‘IDW’ or ‘Inverse Distance Weighted’ then select the ‘IDW’ tool. This tool 

uses an interpolation method that estimates cell values by averaging each processing cell’s 

values of sample data points in the neighborhood. If the point is closer to the center of the cell 

being estimated it has more influence or weight on the averaging process. In this case, select the 

file as the ‘Input feature data’, select your isotope value (whether carbon or nitrogen) as the ‘Z-

value field’, select ‘Output raster’ in order to save the new file and for ‘Number of points’ we 

used 6 in order to smooth the interpolation (this number will vary based off of how spatially 

auto-correlated the data are). Then select, ‘Ok’ and the raster will soon be displayed on the map.  

Step 6. Change the symbology. Right click on the raster file, and select ‘Properties’ and then 

‘Symbology’, within this window, select, ‘Classified’, set the desired number of ‘Classes’ and 

select a ‘Color Ramp’. Select ‘Ok’ and be sure to re-save the map.  

Step 7. Publishing the map. On the top left part of the map document select ‘View’ then ‘Layout 

View’, this will place the data into a format to be printed or exported as an image or ‘.pdf’. By 

selecting ‘Insert’, a number of map document properties are available such as a scale bar, text, 

legend, north arrow, etc. Then select ‘File’, ‘Export Map...’.  

 

 




