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Aquatics Exam ANSWERS
May 26, 2009
This exam was designed to be thought provoking and challenging.  Answer any five of the seven questions as completely and concisely as possible (each question is worth 20 points).  Provide sound rationale for each of your answers.  Answers that are not clearly explained will not receive full credit.  Good Luck!

Question #1 (20 points) – NOTE: this is a four-part question!  Answer all parts for full credit.  

Aquatic plants provide many of the same functions as terrestrial plants, including a food source, habitat, removal of carbon dioxide, and production of oxygen through photosynthesis. Plants are the producers in an ecosystem. They produce their own food as well as food for the consumers of that ecosystem, such as zooplankton, fish, waterfowl, moose and other mammals. 

Aquatic plants also provide habitat. Submerged vegetation is the habitat for small fish seeking refuge from predators. They may also use this vegetation as spawning beds to lay their eggs. Emergent plants are habitat for certain songbirds, or wading birds that may nest at these sites or use them as feeding areas. 

Native aquatic plants benefit lakes through spawning and habitat areas for organisms in the lake, as well as fishing and wildlife viewing areas for the residents around the lake.

A. In what ways can non-native/invasive plant species affect the biodiversity of other plant and animal species in the same habitat? (5 points)
Plants that are native to a particular area have attracted a variety of predators including insects, animals, or pathogens (viruses/fungi), which prevent out-of-control plant growth. Non-native plants have been introduced into the state from areas that are both inside and outside of the United States. Because they are not native to the state, they have no natural predators to moderate their growth. Non-native species are thus able to flourish unchecked in any suitable habitat.

Once established in an area, non-native plants can take over large portions of the ecosystem to which they are introduced. They can cause a decrease in the aesthetic, recreational, and monetary value of New Hampshire’s waterbodies and also pose human health risks associated with drowning. Non-native species can also pose a threat to many native species and valuable wildlife habitats.

B. What are the methods in which non-native/invasive species find their way into New Hampshire? (5 points)
There are a variety of vectors that are believed to have introduced non-native plant species into the state. Some of these sources are natural and hard to control. A natural source may include the widening of the species range due to an increase in the disturbed areas. Interstate transport of non-native plants may also occur when seed and plant pieces become attached to migrating birds and waterfowl.

Other sources revolve around human activates. The sale of aquatic plants, dumping of aquaria into waterbodies, importation of plants for distribution or research, boats, vehicles, and trailers traveling between infested and uninfected waterbodies, and even fishing lures and bait buckets with plant pieces attached can all result in the statewide spread of the nuisance exotic plants. These activities though numerous, are more easily regulated than natural means of transport.

C. What are some methods to prevent the spread of non-native/invasive aquatic plants? (5 points)
To prevent the further spread of non-native species, always check your boats, motors, trailers, vehicles, fishing lures, bait buckets, dive gear, and any other equipment that may have come into contact with any exotic plant or its habitat. Before you launch your boat and after you pull it out of the water, make sure that you don’t have any tag-along plants. Remove all plants that are attached to your boat. Dispose of all plants away from the waterbody. Many boat launches have trash cans where you can dispose of these plans.

D. Look at the plant specimens provided on the table.  Also provided is the “Aquatic Plants & Algae of New Hampshire’s Lakes and Ponds.”  Using this guide, identify the plants and indicate whether they are native or non-native.  (5 points)
	Specimen
	Common Name
	Latin Name
	Native
	Non-Native

	A
	Bladderwort

	Utricularia spp.
	x
	

	B
	Hydrilla

	Hydrilla verticilatta
	
	x

	C
	Variable milfoil

	Myriophyllum heterophyllum
	
	x

	D
	Fanwort

	Cabomba caroliniana
	
	x

	E
	Native milfoil

	Myriophyllum humile (or Myriophyllum spp.)
	x
	


Question #2 (20 points)

The bridle shiner Notropis bifrenatus is a small fish in New Hampshire that inhabits backwater streams and ponds with little or no current. It feeds and spawns among submerged vegetation in shallow water. The bridle shiner is declining over most of its range and is a species of concern recognized by the New Hampshire Fish &Game Wildlife Action Plan.  

As part of a survey done by New Hampshire Fish and Game fisheries biologists, the only population of this fish in the state has been found in thick mats of vegetation in Lake Winnipesaukee. The species spawns by depositing eggs on vegetation and the dense mats are needed for cover from littoral predators such as pickerel and bass. 

There are a lot of shorefront property owners on Lake Winnipesaukee that love “their” lake and pay lots of property taxes. They like to swim off their docks and they consider thick vegetation mats unsightly and feel they interfere with their recreational pursuits. 

Here is the challenge. Often when shorelines are altered, non-native plant species invade the area and take root. What would you suggest if you encountered a HUGE mat of invasive Eurasian Milfoil and there were some bridle shiners living in it?  Would you control the vegetation or leave it alone and why? Give at least three reasons for what you would do. 
There is no correct “yes” or “no” answer.  I am looking for the reason why the students answer as they do. It is a typical conflict of opposing uses. Do you protect the “habitat” for the landowners or do you consider the needs of the species of concern?  I was looking for a solution that would strike a balance so suggesting that the invasive plant species be controlled but replaced with a native plant species so the bridle shiner would still have habitat was perhaps the best response.

Question #3 (20 points)
[image: image1.png]The Ozark hellbender is one of the largest salamanders in the world.




[image: image2.png]The Oregon spotted frog (Rana pretiosa) is a candidate for listing under the Endangered Species Act.
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Ozark Hellbender

     Oregon Spotted Frog
        
       Chiricahua Leopard Frog (AZ)

A crisis of enormous proportions faces the world’s amphibian species.  At the present we estimate that about one-third of the more than 6,000 known amphibian species are at risk of extinction.
When Ann Fibian read those words in the U.S. Fish and Wildlife Service’s Endangered Species Bulletin, she was galvanized to action! Those who remember having Ms. Fibian’s stories read at bed-time know that she loves all cute little wetlands creatures. Now the author of such children’s classics as “Fat Freddy Frog’s Fantastic Financial Fiasco,” “Nancy Newt’s Nearly Nice Newspaper,” and “The Turtle Twins Take the Turbo-Train to Toledo” has dedicated the royalties from her latest book, “Snail Slime for Silly Sally’s Suitor,” to fund the Fat Freddy Frog and Friends Foundation (lovingly known as the F-Five®).

F-Five® has hired a team of environmentalists (mostly former Wall Street bankers) to gather the egg masses of threatened and endangered amphibian species from all corners of North America and bring them to the F-Five® Laboratory in southern New Hampshire. The plan is to raise sustainable populations in tanks and release them to wetlands throughout New England.

“F-Five® environmentalists know all about bailouts,” Ms. Fibian explains, “and who needs a bailout more than our slimy little friends? This is a very green project,” she continues, “we’re saving these lovely creatures from extinction, and at the same time we’re increasing the biodiversity of our New England wetlands. It’s a win-win situation!”
Are there any losers? Explain. Be sure to consider both the native and the endangered populations and both the donor and recipient habitats. Please write your answers and explanations on the back of this page.
Donor Habitats may lose a significant component if the species goes locally extinct due to excessive collection.  In addition, the extinction of the species may be accelerated if the propagation plan doesn’t work.  Endangered species are often very specific in their habitat needs and finding an appropriate habitat for a southwestern or southern species in New England seems unlikely.  Improper collection techniques could potentially introduce new diseases to the collection sites.
Recipient Habitats may be impacted by new diseases transmitted by the relocated animals.  These could either be diseases from the original habitat for which the relocated animal has immunity, or diseases picked up in the F-Five® breeding tanks.  Disease is one reason why even native species shouldn’t be released to the wild after being kept as a pet.  If one of the endangered species does find a habitat that meets its needs, it becomes an exotic species which may upset the balance of its new community.

Question #4 (20 points) – NOTE: this is a two-part question!  Answer both parts for full credit.

A series of macroinvertebrate samples were collected over a span of ten years as part of a biological survey undertaken to determine the impact of a 100-acre industrial park complex that was being constructed along the Intervale River. The river is a second-order river that was drained by a 100% forested watershed prior to the industrial park complex. As part of the conditions of approval, imposed by the Town of Warren Planning Board, the applicant was required to permanently preserve the remaining 1,900 acres that composed the Intervale River watershed. The restrictive conservation easement limited the site disturbance to the 100-acre industrial complex (i.e. the remainder of the parcel remained in its natural state to protect the biodiversity for upland wildlife species and to protect water quality) and mandated the use of post-construction Best Management Practices to control stormwater runoff on the site. The macroinvertebrate sampling regimen required that:
· All macroinvertebrate samples were collected at the same fast-flowing (riffle) sampling location using protocols that were consistent among sampling events. 

· The sampling location was located 300 yards downstream of the industrial complex site.

· All field samplers were well-trained and deemed competent to conduct the sampling.

· Samples were consistently collected on May 28 to ensure that the results were comparable among years. 

· Accessory physical and chemical data were collected as part of the ambient macroinvertebrate sampling program. The data are single values (not means, medians, etc) that reflect the conditions at the time of macroinvertebrate sampling.

1999 – Baseline bioassessment data were collected to characterize the condition of the river which was 100% forested. Preliminary site-work for the industrial complex commenced in 2000.

2004 – Water quality data were collected to assess the impact of the industrial park complex that was constructed within 100 feet of the shoreline between 2001 and 2003. The complex was designed using low impact development principles that included the retention of riparian buffers, porous pavement, etc. The development project involved extensive land clearing and grading (within the 100-acre building envelope) during the three-year construction period. The construction project included working around difficult site-specific limitations including poorly-drained soils, steep slope and seasonal streams that drained into the Intervale River. Efforts were made to protect water quality by implementing  Best Management Practices (BMPs) during the construction process. The contractor was proud of his quarterly BMP inspection frequency that assured the silt and other displaced debris, associated with the heavy rainfall events characteristic of the region, were removed on a regular basis.  

2009 – A follow-up, post construction, bioassessment was undertaken to assess the conditions of the macroinvertebrate community structure. The industrial park site has followed all model Department of Environmental Services BMP operation and maintenance requirements subsequent to the 2001 to 2003 construction period.

Ambient Physical and Chemical Water Quality Data

	
	Turbidity

(NTU)
	Temperature

(oC)
	Dissolved

Oxygen

(mg/l)
	pH


	Specific

Conducitivity

@ 25oC

(uS/cm

	May 28, 1999
	0.5
	14.7
	10.6
	6.7
	18.2

	May 28, 2004
	0.4
	15.6
	11.2
	6.8
	17.9

	May 28, 2009
	0.8
	15.1
	10.5
	6.8
	23.4


Question #4 continued on next page
Q4, cont’d

A. Do the macroinvertebrate data suggest an impact of the industrial park complex; did the water quality decrease between 1999 and 2004? Remember to fully support your answer with the presented macroinvertebrate data. (10 points)
The students should be able to interpret the macroinvertebrate data (i.e. higher diversity = better water quality, more intolerant macroinvertebrates suggest better water quality).  The samples collected following the construction period indicate degraded water quality - perhaps shore term erosion/poor BMP maintenance contributed to degraded water quality coupled with development of a parcel with environmental constraints.

The last set of macroinvertebrate samples suggest improved water quality -- perhaps a recovery following proper maintenance of BMPs and stabilization of the soils.
B. Do the macroinvertebrate data suggest a continued degradation of water quality in 2009 or possibly an improvement in water quality? Remember to fully support your answer with the presented macroinvertebrate data. (10 points)
Question #5 (20 points) 

For many years, the waters of Lake Freedom (a water body of over 700 acres in size) have been used by boaters, fishermen and women, and communities for recreation with the thought that it was so vast, it would never become polluted. Last summer, for the first time, Lake Freedom witnessed a cyanobacteria bloom.  A Secchi disk reading in July showed a water column transparency of just 6 feet. Also, some property owners along the shoreline noticed that invasive plants (like variable milfoil) were starting to appear where they have never been observed before. Lake Freedom has been classified as mesotrophic water body.

On the other side of the ridge, in a different watershed, Lake Pure (a small water body of 10 acres in size) has remained essentially isolated and unused except for an occasional bird watcher, canoeist, or kayaker. It is also used as a backup source of drinking water for the neighboring community of Clearwater, NH. The water is clear and cold, and its vertical transparency is more than 30 feet. Through the passage of time, this lake has remained much like it was when the glaciers created it 12,000 years ago. It has been classified as an oligotrophic water body. However, as with any pristine area, it has started to attract increasing numbers of people who would like to live at the lake – to the point where they are now demanding more water than can be supplied by Clearwater’s water treatment plant. Water is now being withdrawn from Lake Pure to increase supply. This has caused a reduction of natural water levels in the lake and has exposed its shoreline to the atmosphere – something that has never happened before.

Town officials are now searching for additional water supplies to satisfy the town’s residents and they have their eye on Lake Freedom. The proposed plan is to excavate and install a 20-inch pipeline from Lake Freedom, have it run across the ridge, and dump water into Lake Pure to increase the community’s water supply. The increased volume of water would then be treated at the water treatment facility before being distributed to consumers.

You have been hired by the Clearwater to investigate the benefits and drawbacks from this plan. Based on your knowledge of the characteristics of both lakes, please describe the potential effects of transferring Lake Freedom water into Lake Pure. 

Some questions to consider: Does the water need to be transferred to Lake Pure? Can you think of other alternatives to protect Lake Pure’s native species diversity? What could the artificially-increased volume of water do to Lake Pure? Could some species from Lake Freedom damage existing species diversity in Lake Pure?  
Please discuss your response below.

Expected responses might include a description that talks about mixing these two waters and the potential impacts to Lake Pure’s water quality. For example, how does that affect predator/prey relationships in Lake Pure?  Hint: Think about tolerance/intolerance limits among the organisms and water quality changes.  Think about water temperature and transparency changes, nutrient changes, algal growth, benthic impacts, reproductive behavioral changes among the biota, habitat changes, etc.  Perhaps the water could be piped directly to the community’s water treatment facility without the need to impact Lake Pure at all.  Could added nutrients from Lake Freedom create a better fishery in Lake Pure?  Could the community use alternative sources of water (e.g., new wells) to eliminate the need for the transfer?  Could the community restrict new growth along the shores of Lake Pure?  Assuming the population continues to expand, could the water from Lake Freedom help to preserve the water levels in Lake Pure and protect the shoreline (and its plant an animal communities) from the deleterious effects of drawdown and exposure to the atmosphere?

Question #6 (20 points) – NOTE: this is a three-part question!  Answer all parts for full credit.

A 1,000-acre pond has recently been inundated with cyanobacteria, a group of algae. The pond has a mean depth of 20 meters and has sparsely scattered aquatic vegetation. The chlorophyll-a and total phosphorus values in this pond are typically consistent with an oligotrophic lake (one that has low nutrients and few plants). Recently, however, both the chlorophyll-a and total phosphorus values have sky-rocketed. A phytoplankton sample showed a high percentage of Microcystis, a cyanobacteria species, with few other algal species present.

Biologists at the Department of Environmental Services recently conducted a watershed survey to identify potential sources of contamination. They identified the following land use activities in the watershed. Refer to the laminated map for the location of each potential contamination source (identified by number). 
1. A golf course

2. A factory that produces toothpicks

3. A middle school

4. A town Department of Public Works shed

5. A dairy farm

6. A residential neighborhood

Your assignment:

A. Choose two land uses that you think may have contributed to the algae growth and increased chlorophyll-a and total phosphorus values. List them below.  (4 points)
1. Upon looking at the map, the students should have discounted the factory (#2) and town DPW shed (#4) as both were outside of the watershed to the lake.  Any of the other sites could have been made into logical explanations, but the most reasonable are the golf course, dairy farm, and residential neighborhood.
2.

B. Describe in 2 to 3 sentences why each would contribute to the contamination. (8 points)
1. Golf course – fertilizers are spread to keep grass nice and green.  Fertilizers contain phosphates and nitrates which can be used by the algal species to grow to bloom conditions.  The golf course is right next to the lake shore and one can assume some runoff would occur.
2. Dairy farm – high on a hill and adjacent to a stream, this site can include fertilizers and manure as potential sources of nutrients.  Nutrients could wash off into the stream and make their way into the lake.
3. Residential neighborhood – again, fertilizers may be spread.  But, also, in this area where there doesn’t appear to be a large town, one can assume that septic systems are being used.  With the close proximity to the lake, any failing septics may transport nutrients into the water.
C. Suggest one Best Management Practice to implement at each site to reduce further contamination. (8 points)
1. Golf course – reduce use of fertilizers or use organic, slow-release fertilizers.  Don’t spread fertilizers on days when rain is expected.  Plant buffer zones around water’s edge to prevent runoff of nutrients.
2.  Dairy farm – reduce use of fertilizers and don’t spread fertilizer or manure on days when rain is expected.  Create a covered and slab-based containment for manure piles to prevent runoff during rain storms and seepage into groundwater.  Prevent access to stream by cows and other animals – reducing occurrence of direct defecation into a water body.  Plant buffers around streams.
3.  Residential neighborhood – reduce fertilizer use.  Maintain shoreland buffers.  Check and repair on-site septic systems.  Consider use of an off-site, community septic system.
Question #7 (20 points)
Lake Winnipesauke is at the center of New Hampshire tourism. There are millions of tourism dollars brought into the state by visitors to the region during both the summer and winter seasons. A 2006 study showed that if there was a perceived decline in the water level and flow in the Lakes Region, there is a potential of over $15 million in lost sales and $5.5 million in lost income.  

Lake Winnipesaukee has a 10-foot high dam at the outlet that maintains the 45,500-acre lake. If the dam were removed, the water level in the lake would drop by 9 vertical feet. With the dam, the state is able to manage lake levels to prevent damage to commercial development and home owners along the Winnipesaukee River that are subject to flooding. In the summer the lake is managed for the recreational tourists for boating, swimming, fishing, etc. The lake is continuously managed to optimize the environmental values to fish and wildlife as well as consideration downstream for trout spawning, salmon and smelt, eel migration and loon nesting. The dam also helps manage the water storage by providing flow for downstream wastewater treatment plants which in turn assists with water quality. 
Most dams were built during the Industrial Revolution well before the Clean Water Act. They were the center of town, the heart of the community, the income for the merchant. Rivers and waterways were considered the dumping ground for hazardous materials and other garbage. Many of the hazardous materials that were dumped into the river accumulated in the sediment and collected behind dams where they currently reside. Now, many of these chemicals still cling to the sediment and have accumulated behind these century-old dams. Through removal of the sediment and the dam, one can return the river to a healthy ecological system so that species can thrive.  

Dams disrupt the natural transport of sediment. By removing a dam, a river is returned to a free-flowing state and naturally moves sediment and nutrients. Sediment can also accumulate to a point that it covers important and appropriate habitat for aquatic species. Aquatic species require specific habitat that includes cobbles, boulders and fine grain gravel in order to provide spawning habitat, resting areas and pools. Water quality can be reduced by lowering dissolved oxygen levels. Dissolved oxygen levels need to be at a sufficient level in order to provide a healthy environment for aquatic species.  

Based on the above information, respond to the following question: Should the dam at Lake Winnipesaukee be retained or removed to improve the natural ecological systems of the region? Please give three supporting statements for your selected alternative. Use the back side of this page if necessary.
Answers should recognize the economic and environmental implications of both options, and give a reasonable argument for the final choice.


