Methodology and Materials:

Overview
Long-term monitoring for invasive species involves recording the presence of native species as well as the bioinvaders over time. With both sets of information, it may be possible to understand the impact bioinvaders are having on native species and the spread of the invader.

Intertidal communities are highly variable since they are subject to many diverse natural conditions and disturbances, as well as human impacts. Therefore, a successful monitoring program must conduct repeated sampling of specific parameters at established locations over long enough time periods to take into account the natural variability of the biological communities being observed. 

A random quadrat, trapping, and timed transect method is employed in the cobble habitat or rocky intertidal zone to determine the densities of native and invasive species. Each quadrat is a one meter square (an open square made out of PVC piping). Each team will have a separate data sheet, for each quadrat, to record the species, sex, and size of the crabs.

Monitoring Intertidal Rocky Shoreline: Random Quadrats Method 

Overview:
The targeted invasive species for the rocky intertidal habitat are Hemigrapsus sanguineus (Asian shore crab) and Carcinus maenas (European green crab) but all marine invasives will be monitored. Therefore, shorelines are selected that consist of cobble substrate in the mid to low tidal zones where these crabs are normally expected to seek shelter at low tide. This monitoring must be conducted around low tide. It must be within two hours of the maximum low tide.

A targeted evaluation area is established, divided into two sections, and then a square meter quadrat is randomly placed in each of the two sections. It is important to understand that the evaluation area is consciously selected, allowing for repeatability, but the quadrat sampling is random, which eliminates bias and intentional targeting of a species or microhabitat. If the location of the sampling quadrat was chosen in a nonrandom manner, an unrealistic assessment of the evaluation area would result.

	Equipment Needed:

	Two 30 meter tapes or two ropes with meter markings
	One  or two meter2 quadrat made from PVC pipe (I will provide these for the day of sampling with me) 

	Clipboards and pencils (not pens)   
	Data sheets (provided on the website)

	Marine Invasive ID Cards or Marine Field Guides
	Thermometer    

	Ziplock bags or watertight container
	70% - 95% ethanol from CVS or a pharmacy

	Camera and /or compasses   
	Net for capturing mobile organisms


If sampling with Dave and the crew, these will be supplied. Bring pencils and printed out data sheets is not a bad idea. Also used by the Dave and his field assistants: GPS and YSI  (temperature and salinity measuring) unit.

I. Methodology for Random Quadrat Sampling of Intertidal Rocky Shoreline
1. Establish a fixed evaluation area by locating the largest and best suitable area of cobble (not peddles or sand) or rocky habitat in a particular region.

2. Sample within one to two hours on either side of low tide depending on the sampling site. 

3. Divide the area into two sections composed of two rectangles in the low and high intertidal, by placing a first meter tape perpendicular to the start of the water’s edge for a distance of hopefully 20 meters. 

4. Place a second meter tape parallel to the waterline for a total distance of 20 meters so that it crosses the first tape at its mid-point (10 meters). Move the meter tape up or down so it crosses the first tape at its middle. 

Placement of sections and their size is dependent on the slope and size of the sampling area. Therefore, it may be necessary to alter the distance, e.g. 30 meters along the water’s edge and 10 meters parallel to it or shorten the distances of sections on beaches with a smaller sampling sites (e.g. steep coasts or a small cobblestone patch). For example, consider this case: the meter tape that is perpendicular to the shore line has only a length of 15 meters from the water mark to the top of the intertidal or wrack line (stark line of seaweed and debris). Then the second tape meter, parallel to the ocean, should cross the first meter tape at 7.5 meters. Therefore creating a shape of four rectangle sections to sample. The exact numbers are not important, but just the set up of two measuring tape that intersect so that different locations can de determined by two numbers from the measuring tapes.

~~~~~~~~~~~~~~~  Ocean        Ocean     Ocean ~~~~~~~~~~~~~~~~~~~~~~

Low Interidal
	Section #1  = North West (NW)
	Section #3  = North East (NE)

	Section #2  = South West (SW)
	Section #4 = South East (SE)


High Intertidal

Land          Land                Land              Land 

5. Split the citizen scientists into groups that are composed of one to five people. It is important to have one of each size group. For example, if you only have thee people, there should be a group of two and individual sampling. When breaking the citizen scientists into groups, please consider group dynamics. If for example, the class is not focused and too social and become distracted, maybe you should split the friends into different groups.

6. Each group must determine the random placement of the quadrat in the section that they will be working in. To do this, chose two random numbers. One number will be for the horizontal component ( X-axis) and should be on the measure tape that is parallel to the oceans edge. Then the second random number chosen will be the vertical component (Y-Axis) and must be on the extended meter tape that is perpendicular to the oceans edge. 

For example, if the horizontal meter tape is 10 meters and the vertical meter tape is extended for 30 meters, then the 2, 17; 8, 16; 3, 3; and so forth are all valid number choices. If possible, please see the random number generator program that is nicely created in an Excel file. Just download the file from the ‘Methodology’ section of the website. To get different sets of numbers, you just have to press Control and ‘r’ at the same time. If it gives you an error about ‘macros’, please go to ‘Tools’ then ‘Options’ and lastly to the tab to macros, and low the security level, it is fine. This will create tables of randomly generated values, please print out a few copies of different random number and bring them to the sampling site. 

Caveat: If by chance, the random generators put two quadrats in overlapping spots in the same section or outside the study area created by your measuring tapes, this is fine. Go to the next location via the next set of random generated numbers. This will maintain the randomness of sampling.

8. Starting in at the start of the horizontal meter tape, walk parallel to the water, find your first random number (e. g. 3 meters); then walk towards or away from the water in a straight line until you reach the height, you second number, the Y-component, which will be found on the meter tape that is perpendicular to the ocean. Place the left bottom corner of your quadrat at the intersection of thesetwo measurements (X, Y).  Record these numbers on your data sheet, first with the X,  horizontal component, followed by the Y number.

9. The group should take a data sheet and fill out the information on the group members and the starting time. The site information (first page), does not have to be done for each quadrant. Once the names, start time, and other information on the second page is filled in, the group should find all the crabs in the quadrat by visual inspection. Every crab should put in a bucket. Then turnover all the rocks and pebbles and search the sea weed for crabs. The rocks should be turned over one rock at a time, then removing that rock from the quadrat into another bucket, so it does not change the surrounding area that might also be sampled, until the entire quadrats has been searched. All crabs should be placed in another container (not the ones with rocks that could be removed!). 

9. Now the most important part: Now you will take your bag or bin of crabs and assign a data recorder and the rest will take the crabs one by one and determine their species, sex, and size. Accuracy of each of these is crucial, so make sure the group agrees on the data, esp. the species of the crab.

8. One person should be data keeper while the others should be crab measurers. The measurer will take one crab, identify its species (European green, Asian shore, Jonah, rock, etc.). If not sure, ask the other group members. If there is not a unanimous consensus, then ask the group leader or consult labeled crab molts and / or field guides to answer these questions.  Then the sex of the crab can be determined by flipping the crab over and examining the underside of the crab's carapace (exoskeleton or "suit of armor") determined by the shape of the abdomen (tail flap). The male has a tail flap that looks like a light house or a thin triangle or a Washington monument, while, the female has a larger and rounded tail flap. 

Then the crab's carapace will be measured at it widest section (the 5th spine, the one furthest from the eye to the other corresponding 5th spine). The data keeper records this information for each crab.  Then put the crab into a correct bucket (e. g. male Green crabs, female Asian shore crabs, etc.) that has the invasive species and sex labeled on a piece of tape. For native species, record the data and place all of them into a separate bucket labeled “Native”. Do this for each crab, until all crabs have been counted. Record, on the data sheet, the time it took to sample that quadrat or transect. Do not worry, it is not a race; please do a through and meticulous job. We need this information for analysis of efficiency of various monitoring techniques.  Also do not worry if you find few or no crabs, these data are also very important to the research project.  Another caveat, when you tell the data to the data recorder, if the group is larger than two, please be careful not to have any miscommunication by having more than one person give data to the recorder at the same time. This data can be written on the corresponding data sheet
Example: 

	Species
	Sex
	Size

	European Green Crab
	Male
	45 mm

	Asian shore Crab 
	Female
	22.5 mm

	Carcinus maenas
	F
	35mm

	Hemigrapsus sanguineus
	M
	20mm

	Hemi
	F
	10mm

	Rock crab
	M
	55mm

	Green Crab
	F
	57mm


All are correct documentation since all names are clear, even if abbreviated. Since there are no other crabs along the coast of New England in the genus of Hemigrapsus, so Hemigrapsus or Hemi is acceptable.  Please be careful that you label all the measurements, for example, the size was 10? 10 cm? 10 mm? Scientists must play close attention to details like this, so other scientists can understand their field data and can incorporate into the larger sets of scientific standardized sets of data.

Totals:

	Species
	Green 
	Asian
	Rock
	Jonah
	Blue

	Total # in this quadrat
	3
	3
	1
	0
	0

	# of Males /# of females
	1 / 2
	1 / 2
	M
	N/A
	N/A


11. Please add your names to the every individual data sheet. Check that the data sheet has recorded all the asked information, hand the sheet to the group leader and get a new data sheet and two new random numbers to place your next quadrat. This time you will be at a new location due to choosing a new set of random numbers. Do not release the crabs, unless permission is given by lead scientists.

12. Please document the site with pictures of the sections, so I can compare it to other sites and for finding the site in case I want to sample it. Also please find longitude and latitude documents from a GPS unit or a map.

13. Record the date, time, site name, time of low tide, weather conditions, air and water temperature, exposure (wave height), and salinity using a refractometer or salinometers. Also measure and record the distance from the water’s edge to the high water mark. We will call this distance the sample intertidal length.  

InvasiveTracers@hotmail.com

Or by snail mail at:
David G. Delaney
McGill University
Biology Department
1205 Docteur Penfield
Montreal, Quebec, Canada H3A 1B1
