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What Every Teacher Needs to Know
We welcome your class to the National Parks of New York Harbor Education Center!

Program Location: The program takes place at the NPNH Education Center on Staten Island,
a fully accessible site located on the third floor of the old Army barracks at 210 New York
Avenue in Fort Wadsworth. Classes can eat lunch either at our Learning Lunchroom, where
children learn about recycling, or at an outdoor picnic area. (Food, vending machines,
microwaves and refrigerators are not available.)

Cancellation Policy: If your plans change, please contact us as early as possible.

Teacher and Chaperone Roles: In our program, everyone participates—including teachers
and chaperons! You are essential to the success of this program. That is why we REQUIRE
one adult for every six to eight students to attend with your class. Please give chaperons the

Chaperon Job Description, found on the left side of this folder, prior to the day of the trip.

Questions: Please contact us at NPNH _Ed Center@nps.gov or call us at 718-354-4530.
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Program Overview and Objectives

Overview

This program focuses on finding out more information on Asian Shore Crabs. Scientists need
more research about this species. By finding the ratio between native and non-native data
analysis overtime, we can answer such questions as:

e Are these species endangering the native species?
e Are the crabs eating what’s under the rock and taking over?
e Or, are they eating enough to co-exist with the native crabs?

Essential Question

Are Asian Shore Crabs a threat or an addition to the native species of New York Harbor?
Objectives

e Learn about Asian Shore crabs. Where they are from? How did they get here?

o Identify several native and non-native aquatic species of Jamaica Bay collected
during field sessions.

e Predict the effects of non-native species on the Jamaica Bay ecosystem, both positive
and negative.
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All About Invasive Species

Reprinted from: Draft Jamaica Bay Watershed Protection Plan Volume 1,
2007, New York City Department of Environmental Protection

Native, Non-Native vs. Invasive

Native species are identified as species that existed in a landscape prior to colonization or
agriculture. Nonnative and exotic species have been identified as species that have been
introduced to an ecosystem by humans, either intentionally or non-intentionally. An invasive
species can be identified as having the ability to thrive under adverse conditions. Invasive
species can be native or non-native. Their ability to out-compete native organisms for limited
sunlight, nutrients and space disrupts the natural balance of an ecosystem. Jamaica Bay is an
excellent location for invasive species to find a home due to the high level of disturbance from
land alteration and development, and an abundant seed-bank of exotic plants in residential
gardens. (Biohabitats, Inc)

Many plant and animal species in the Jamaica Bay watershed are living and reproducing
outside of their native ranges. These non-native, exotic organisms are generally considered to
be invasive species, although some native species may also be considered invasive. Many
invasive organisms were deliberately brought to the region for food, fiber, landscaping
purposes, or for the pet trade, while others arrived as contaminants in shipments of grain, in
ballast water of ships, or as packing material. It is estimated that approximately 5,000 plant species
introduced in the United States have escaped into the natural environment (Pimentel et al., 2000).
A small subset of these species actively and aggressively colonize new areas and pose risks to native
ecosystems.

How Invasive Species Harm the Environment

Along with habitat destruction and fragmentation, invasive species collectively rank as one of the
top global threats to biological diversity in natural areas (Randall, 1995). They can affect multiple
levels of biological organization (species, communities, ecosystems, and landscapes). These
impacts include changes in ecosystem structure and function, species extinctions, species declines,
and changes in community composition. The most fundamental effects are alterations of ecosystem
structure and function. Problems that arise from invasive species are sometimes permanent (at least
in human time scales) and may be the most pervasive influence on biological diversity in many
systems (Coblenz, 1990). Gateway National Recreation Area has a goal to surpass or eradicate
exotic invasive species in selected areas to ensure pockets of high biodiversity.

The most significant invasive plant species found in the wetter portions of the Jamaica Bay
watershed is common reed (Phragmites australis). This species produces large quantities of seeds
and also spreads vegetatively by sprouting new growth from its roots. Phragmites has a native form
although the non-native form is much more aggressive, readily invading disturbed, wet areas such
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as degraded wetlands, roadside ditches, and even piles of dredged material. While it is typically
found in areas of standing fresh water, it can tolerate moderate salinities (up to 18 ppt) and forms
dense monocultural stands, suppressing and killing native vegetation (Byer et al. 2004).

Purple loosestrife (Lythrum salicaria ) is a very attractive freshwater wetland plant imported from
Europe as an ornamental in the late 19th century. It can take over freshwater marshes and crowd
out native plant species, drastically altering wetland composition and structure. This plant has
spread throughout the US in freshwater wetland habitats, especially throughout the Northeastern
states. It is of no threat to waters with any salinity. Because Jamaica Bay has so few remaining
freshwater wetlands areas, it is currently not threatened by purple loosestrife, but it is worth noting
that any freshwater restoration efforts in the watershed will have to contend with this plant.

Invasive Species That Threaten Jamaica Bay

The Jamaica Bay watershed currently has substantial populations of invasive shrubs and trees,
including tree of heaven (Ailanthus altissima), Oriental bittersweet (Celastrus orbiculatus), Japanese
knotweed (Polygonum cuspidatum), Japanese barberry (Berberis thunbergii), and autumn olive
(Eleagnus umbellata). These species rapidly invade remnant patches of native forest. Garlic mustard
(Alliaria petiolata ) is an herbaceous perennial that rapidly invades shrublands, woodlands, and
forests. All of these species tend to crowd out native plant species and compromise wildlife habitat.

The Jamaica Bay watershed harbors a number of invasive, non-native animal species, including
Norway rat (Rattus norvegicus), black rat (Rattus rattus), feral cat (Felis silvestris), and feral dog
(Canis familiaris). Feral and house cats are estimated to kill over one billion birds annually in the
U.S. (Stallcup, 1991). The mute swan (Cyngus olor) is a European species of waterfowl that is
territorially aggressive and threatens nesting native waterfowl (Mockler, 1991).

Two native mammals have successfully exploited their proximity to the human environment and
become invasive nuisance species. The opossum (Didephis virginiana) and the raccoon (Procyon
lotor) have been targeted for further research by the NPS at Jamaica Bay. These animals are
considered nuisances in the area due to their large numbers, with raccoons threatening the eggs of
reproducing terrapins and birds around Jamaica Bay.

The ribbed mussel (Geukensia demissa) is a native invasive invertebrate that can achieve densities
up to 10,000 individuals per square meter in Jamaica Bay (Cohen, 2005). Researchers have
speculated that berms formed by large numbers of ribbed mussels create ponds of salt water on top
of salt marsh islands, leading to salt marsh cordgrass death and the further erosion of salt marsh
islands (Franz and Friedman, 2004).
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Hungry Invader... or Harmless Immigrant?

HOW DID THE ASIAN SHORE CRAB FIND ITS WAY TO NEW YORK?

Ships need to be both light and heavy: light enough to glide across the water, yet heavy enough not to
tip over. Ships sailing in salt water are even more buoyant than in fresh water, so they take in gallons and
gallons of salt water to weigh themselves down and not tip over. But when the ship loads up on cargo or
fuel, it gets heavier and no longer needs the extra salt water, or ballast. So the crew dumps it out.

That means water from Dubai or London, Shanghai or Singapore, is emptied out every day in New
York Harbor. The trouble is, that water includes fish, seaweed, crabs, barnacles and invertebrates. Most
of these forms of life die when released into new waters, but not all of them. The Asian shore crab (also
called the Japanese shore crab) seems to have found a way to survive and flourish in our waters.

WHY ARE ASIAN SHORE CRABS SO SUCCESSFUL?

“They’ve got all the right cards,” Tara Casanova, a biologist at Southern Connecticut State University,
states. “They tolerate low and high salinity and a wide range of temperatures. Some would call it a super
crab. One female can lay more than 50,000 eggs, hundreds of times more than other species, and if only
50 eggs survive, they are already ahead in numbers as they enter the larval stage.”’

The Asian shore crab seems to have no natural enemies. It has no discernable impact on commercial
fisheries and is of no commercial value itself. But, as ecologist Robert Buchsbaum of the Massachusetts
Audubon Society observes, the crab is also “very aggressive, very predatory, very adaptable.” It also
reproduces rapidly and “will eat just about anything from algae to shellfish seedlings.””

Its huge appetite could devour food sources for other species, such as native crabs. This would upend

the ecodiversity of nearby shore populations. Like a multi-car accident on a freeway, if one species is
hurt or endangered, the entire food chain is affected.

WHY ARE SOME SPECIES CONSIDERED “INVASIVE"?

o Sometimes invasive species, especially predators, can devastate an
ecosystem. The Pacific island of Guam is one example. According
to the US Geological Service, the invasive Brown Treesnake has
eliminated all the island’s breeding populations of seabirds, 10 of 13
species of native forest birds, two of three native mammals, among
other losses.’

Y| But successful adaptation does not necessarily mean that the Asian
shore crab is crowding out native species of crab or mussels. The
apple tree, for example, has found its own niche in the ecosystem.

Ig, ~ *» F"‘ ‘
! McQuiston, John. Tiny Invader Becomes a Bully In Local Waters. New York Times, June 10, 2001. Consulted

March 20, 2009. http://www.nytimes.com/2001/06/24/nyregion/pacific -crab-is-becoming-a-local-bully.html
2 Blake, Andrew. Small Crab May Pose Big Threat: Visitor From Asia is Voracious.Boston Globe, May 20, 2001.
Consulted March 20, 2009. http://www.highbeam.com/doc/1P2  -8647429.html

% US Geological Service website: http://www.fort _.usgs.gov/resources/education/bts/invasion/intro_pred.asp
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“I hate the ‘exotics are evil’ bit, because it’s so unscientific,” claims Dov Sax, ecologist at Brown
University. Along with Steven D. Gaines, marine biologist at the University of California, Santa Barbara,
Sax has written a paper that observes how exotic (non-native) species do not necessarily lead to mass
extinctions. On the contrary, they can trigger the evolution of new species diversity. Plant species may
interbreed to form new species. Bugs or toads may evolve to eat a new food source that was not
available to them before.*

But Anthony Ricciardi of McGill University notes that humans have changed the scale of invasive
species. As humans move 7,000 species a day, species come into contact in greater numbers than ever
before. “If you pour on more species, you don’t just increase the probability that one is going to arrive
that’s going to have a high impact. You also get the possibility of some species that triggers a change in
the rules of existence.”’

In other words, the Asian shore crab is only one of an ever-changing set of species coming to out
waters. Is it a hardy but harmless immigrant? Or is it a vicious invasive, remaking the biodiversity of
New York Harbor?

STUDENTS AS CITIZEN SCIENTISTS

To find out if the Asian shore crab is invasive, scientists
need a lot of data. As “citizen scientists,” students can
conduct the systematic scientific research needed to
create this data. Compiling this data will allow
scientists to:

e observe changes at specific locations over time;

e estimate population size of the crab;

e estimate what is happening with other

organisms as a result, and;
e create a baseline for further comparisons later.

However, it is important that students follow the methods, or protocols, designed by scientists. Turning
over rocks willy-nilly will not give scientists the information they need. Scientists need to compare
results from the same places over time. Classes must:

e examine the correct size rocks, and only those rocks, within the area of studys;

e examine the same part of the beach over time;

e record what’s under the rock with the crabs (because this might be what the crabs are eating);
e compare numbers of males vs. females;

e compare the ratio of Asian shore crabs, native crabs and mussels and green crabs (another non-
native species);
e compare data over time when they return to school.

Once scientists gather enough information, they can help lawmakers and citizens decide what to do
next. If Asian shore crabs really are damaging the ecological balance of rocky coastlines, what should
we do about it? If not, should we just leave them alone?

4 Zimmer, Carl. Friendly Invaders. New York Times, September 9, 2008. Consulted March 20, 2009.
http://www.nytimes.com/2008/09  /09/science/09inva.html
®0Friendly Invaders. ¢
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Job Responsibilities

Each job assignment is equally important when conducting this field work. Everyone has
a different job. It takes the entire team to gather useful data as Citizen Scientists. Please
keep in mind the importance you have in the program, and perform your job to the best
of your ability. Decisions by the teacher (Principle Scientist) are final.

Tosser(s)

e Tosses beanbag over the shoulder

e Creates a quadrat by placing meter sticks in a square area surrounding the beanbag
e Designates each of the three sampling areas (rocks) by placing a CD on each

o Tells the group which rocks are samples A, B, and C

Habitat Handler(s)

e Movesrocks for samples A, B, and C revealing the footprints

¢ Along with Collector, replaces crabs back under rocks and moves rocks back to their
original place

Collector(s)

¢ Gets collection pans A, B, and C ready by each corresponding sample (rock)
e Collects all crabs found under each rock and places them in the correct collection pan

¢ Along with Habitat Handler, replaces crabs back under rocks and moves rocks back to
their original places

Technician(s)
e Measures dimensions of the footprints and gives these measurements to the Sketch
Artist

e Determines gender of each of the crabs and measures the size
e Tells Data Keeper what coastal organisms are found in the footprint

Data Keeper(s)

e Records all data involving crabs and coastal organisms on the data sheets
e Uses the GPS unit to record the latitude and longitude of each quadrat

Sketch Artist(s)

e Records dimensions of footprints on the quadrat data sheet

e Maps out area within the quadrat, sketching everything that can be seen inside this area
using the quadrat data sheet
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