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Riparian zones

The Riparian Zone is the land between the stream and the farmland and varies in size depending on factors such as stream size, and character and topography of the land it flows through. The way this area is managed has a significant effect on the extent to which intensive agriculture affects the stream. Careful management of this zone is important, as is careful land management that takes into account soil properties in the land outside the riparian zone. This is especially important in relation to the ability of the soil to utilise nutrients and store water and is also necessary to ensure excessive soil (sediment); nutrients and bacteria are not released to drainage systems and to streams and rivers.

Dairy farming

Dairy farming is an intensive land use, which in many cases results in increased nutrient loss, sediment discharge and faecal contamination of streams. This often causes water quality guidelines to be compromised - e.g. Monitoring of 20 streams on West Coast since 1977 revealed 77% exceeded guidelines for faecal contamination. In Bay of Plenty streams enterococci bacteria derived from dairy farms contaminate estuaries to the extent that contact recreation guidelines are exceeded (Deely et al. 1999 in Parkyn et al. 2002). Dairy farm development can result in significant alteration of stream habitats with stream straightening and loss of shade occurring.  

Trout fishing and trout habitats

Trout in New Zealand are legally defined as a sports fish with a significant economic and social value. There are about 190 000 licences sold annually, with an estimated 1.3 million angler trips per year, including trips for salmon fishing (Unwin and Brown 1998).

As with all species trout and salmon need suitable habitat to thrive. They must have streams and rivers with adequate supplies of water of good quality - low nutrients and temperature, ideally with stony or gravely beds and with good bank cover that provides shade. Dairy farm effects are rarely catastrophic, especially on larger streams, but they can significantly degrade smaller streams. However, chronic effects – increased suspended sediment, increased algal growth, increased temperature – all reduce growth rates and survival. Additionally, anglers necessarily come into contact with water and there is a risk of pathogens derived from dairy cattle causing sickness. 

Mechanisms of degradation


Streams which flow through pastures compared to streams in natural situations, such as in forests or native grasslands, have higher run-off, more intense storm flow, more suspended sediment, higher turbidity, lower water clarity and more nitrogen and phosphorus. All of these factors degrade trout habitats.


The increased run-off results in more eroded sediment, the increased fertility results in more sub surface leaching losses, more fertiliser drift and the stock excreta - especially where stock have access to waterways causes more faecal coliforms (FC) to be excreted into the water. Dairy dominated catchments have higher concentrations of leached nutrients and bacteria in the streams than others (Parkyn et al. 2002). 


The principal cause is stock access to streams. Studies show where stock are allowed general access turbidity increased from <10 to 50 - 250 in a hill country stream (Quinn et al. 1998 in Parkyn et al. 2002). At stock crossings in a Tasmanian Stream there was a 50% increase in suspended sediment and 400% increase in E coli. In this case sediment came from the disturbed streambed and banks, and bacteria from the 37 kg of faeces deposited in the stream from 246 cows on one crossing (Davies-Colley et al. 2001 in Parkyn et al. 2002). 

Waste treatment ponds, where they are employed, are also significant sources of nutrients and faecal pollution. These are only satisfactory if there is sufficient dilution to reduce adverse effects. Generally ponds need 500 - 950 fold dilution to meet guidelines for BOD, NH4, total nitrogen and FC. Recent studies in the Bay of Plenty showed only 30 - 48% of discharges complied on first inspection (Pickles 1999, Larsen 2000, in Parkyn et al. 2002). On the West Coast seven out of eight systems were causing significant adverse effects (Parkyn  et al. 2002).


Artificial drainage systems on farms increase run-off and reduce contact of water with soil and riparian zones where remediation could occur. Nutrients, sediments and FC are higher in drains than in normal streams. In some areas waters from these dominate the flow in small rural streams.


Shallow ground waters may also contribute to stream flows. Some can be contaminated with nitrate due to animal excretion at high stock densities (three cows/ha) (Monaghan et al. 2000). High N fertiliser applications may also contribute to leaching losses. Groundwater dissolved reactive phosphorus concentrations in Southland pastoral situations are typically high 
(0.02 - 0.07 mg/L) (Environment Southland 2001).

Symptoms of degraded streams


Intensive agriculture causes physical changes to streams too, such as: reduced shade, increased algae, increased temperature, reduced organic matter - leaves that provide habitat and food are no longer available due to loss of riparian plants, stream straightening, increased gradients, reduced length, and increased flow variability.


These physical changes, as well as chemical changes, increase the rate at which algae grows, lowers dissolved oxygen and causes higher stream temperatures.


Such changes affect fish and macroinvertebrates. Mayflies and stoneflies require temperatures to be less than 20ºC with reasonable dissolved oxygen concentrations. Fish generally cannot tolerate temperatures over 25ºC. Trout in particular need temperatures to be less than 19 ºC for growth. Small, unshaded streams frequently exceed 20 ºC in summer when air temperatures are high, in all parts of New Zealand.


Increased suspended sediment reduces clarity, affecting photosynthesis of stream plants, which affects stream invertebrates. Reduced clarity also reduces the ability of fish to find food. It abrades biota generally, smothers substrates, affects habitat and food resources for fish and macroinvertebrates and silt deposition leads to a change in macroinvertebrate communities, from pollution intolerant to pollution tolerant species. This results in fewer stoneflies, mayflies and caddis flies and more snails, elmid beetles, worms and chironomids, which are of lesser value for trout food.

Water quality in New Zealand


Monitoring in Southland in 2001 showed 33% of sites had poor ecosystem health (Environment Southland 2001). Mostly these were in smaller streams or downstream of effluent discharges. Algal proliferation exceeded guidelines for trout at 15% of sites and for benthic biodiversity at 33% of sites. The loss of well-vegetated margins was considered to be the major factor involved. 


The situation elsewhere in New Zealand is similar. Regional Council reports show, on the West Coast, there were poor invertebrate communities in streams affected by dairy discharges. In Wellington 11 of 15 forest sites were good, but only 3 of 17 rural streams were considered good. In Taranaki there is a gradual decrease in quality in 32 sites from bush to coast. In Hawkes Bay and Northland water quality is good in headwaters and poorer downstream in agricultural and urban catchments.  In the Waikato 198 sites were sampled and half of those in developed catchments were moderately or severely degraded (Parkyn et al. 2002).

Riparian zone management to restore ecological function


Riparian management is widely accepted as a useful tool to mitigate adverse effects of agriculture on streams. Riparian Zones filter contaminants and sediment from overland flow. Trees, which provide shade, improve ecological functioning of streams and sediment, nutrient and bacteria inputs to streams are reduced.


A good riparian zone is only a last line of defence. Good land management practices are required also. There is a need to avoid overstocking, even on well drained soils as losses of N result from urine and dung patches (Monaghan et al. 2000). Avoidance of soil pugging and compaction, the retirement steep land, protection of wetlands, diversion of road and track run off away from streams and careful management of fertiliser applications is also necessary to restore streams flowing through intensively farmed land.  


To avoid adverse effects, streams should be fenced on both sides to allow the growth of a mixture of vegetation. Control of noxious plants will often be necessary. Growing trees that will shade the stream will reduce the growth of weeds in the stream and riparian zone and be beneficial to stream processes. Stock crossings must use well designed culverts and bridges, which do not affect fish passage or stream flows. Fords that allow stock access to streams result in significant contamination and should not be considered acceptable. Run-off from the crossings and the tracks leading to them needs to be diverted away from streams. The management of the land must have regard for soil types so that soil processes can utilise and “treat” fertiliser and effluent that is applied so that excessive amounts do not bypass the soil and enter streams. Stocking densities and fertiliser application rates need to be related to the ability of the soil to fully contain the production system on the farm, and not let nutrients “escape.”


Nitrate leaching from dairy farms is typically greater than from other types of farms, and is inevitable with intensive farming operations (DeKlein et al. 2000). Nitrate is mainly a public health problem but it can contribute to eutrophication of estuaries, and fresh waters such as Lake Taupo where nitrogen is the limiting nutrient. It can be controlled to acceptable levels, so that groundwater concentrations are not elevated beyond background levels, by careful management of soils and pasture. Fertiliser should be utilised by plants and recycled in the farming system rather than lost to the wider environment.

Winter grazing / feedlots


In Southland feeding out silage on riverbeds is illegal. This has been a problem in the region in the past few years but it is believed that it is largely resolved now.  


Legal action has been taken against several farmers. Nitrate, phosphate, faecal coliforms and sediment are washed directly into river or groundwater and riparian vegetation such as willows are damaged.

Winter grazing on brassica crops is also a problem, especially on heavy soils. The bare soil releases nutrients to groundwater and soil compaction results in run off to surface water. Large amounts of effluent and fertiliser are added to the land in these situations. This results in losses of nutrients, sediment and bacteria to groundwater


Surface water run-off to streams from bare soil carries silt, nutrients, and organic wastes to watercourses. The practice of winter feeding on brassica crops is an ongoing concern. To reduce adverse effects the crops must be fenced and be preferably on flat, well drained land with a generous riparian zone isolating the crop from any stream. However, there are still likely to be problems arising from these situations. Ideally a well designed feedpad well away from any stream, which collects effluent for later disposal, is required to ensure streams and water quality is protected. Such systems can increase pasture production by about 5%, reduce nitrate losses by up to 60%, and can be cost effective (DeKlein et al. 2000).  

Conclusions


Riparian zone protection and management is a basic requirement for the protection and restoration of water quality in intensively farmed catchments. There is abundant evidence that intensive dairy farming is unsustainable unless riparian protection is implemented and maintained. In addition, careful land management is required to ensure transport of contaminants from farmed land to streams does not occur.
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Workshop summary

Presentation summary

The riparian zone is the land between the stream and any farmland. No legal description.

What is wrong with dairying?  

It is an intensive land use that causes changes to the stream, principally through increases in:

· Nutrients, nitrogen and phosphorus, in particular, that increase algae growth.

· Sediment that reduces clarity.

· Faecal contamination and human health issues.

It was acknowledged that other farming land-uses contaminate streams, and along with removal of stream-side vegetation and straightening of streams have caused changes to stream habitat that are potentially detrimental for trout. Trout fishing is estimated to be worth 

$200 -300 million annually in tourism income to the New Zealand economy.

What to do about it?  

· Manage the riparian margin - this will vary for each situation, but examples covered included: US research on cropping land with six metre grassed zone successful. Long term ideal may be 20 m mixed plantings

· Avoiding the straightening of meandering streams.

· Good land management is also important, as the riparian strip is only the “last line of defence.” This includes avoiding high stock numbers/ha, pugging and compaction, retiring steep land, diverting road and track runoff, and care with fertiliser application.

· Avoid stock crossings of streams - work shows 50% increase in suspended sediment and 400% increase in E. coli bacterial counts.

Discussion summary

· “Dirty dairying” campaign of Fish and Game - resentment expressed that it still continue when other farming systems (e.g. deer, intensive beef, potatoes) seem overlooked. No publicity to the positive progress that has been made. Fish and Game estimate that 90% of dairy farm, milking platform waterways are fenced now, but still a problem with dry cow winter and young stock grazing areas. Note that anyone can contact the regional council in their area to identify and demand action on other contaminant sources.

· Concern about the confusing messages of what to do from Fish and Game (fence both sides) versus Southland RC (fence one side only), and getting the balance between what you may do on your farm and the issues upstream that are others responsibility. Catchment based Landcare groups are good examples of how to address this.

· Question as to whether Fish and Game is too short term and one-sided in their drive?  Examples of where (previous) Catchment Boards asked farmers to remove vegetation from riparian areas to reduce risk of flood damage. In 25 years will fishermen be asking for improved access to overgrown streams?


Managing tile-drained farms to eliminate waterway contamination will be the next challenge. Massey University into 2nd year of effluent irrigation on tiled clay soils. 
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