CHAPTER ONE

1.0
INTRODUCTION

Weeds can be referred to as plants that are competitive, persistence and pernicious growing where it is neither wanted nor needed and interfere negatively with human activities (Okaro, 2001). 

Weeds as stated by Okaro (2001) are said to possess some characteristics which include their abundant seed production, rapid population establishment, seed dormancy, long term survival of buried seeds, adaptation for spread and presence of vegetative reproductive structures.

However aquatic weeds can be defined as unwanted and undesirable plants which grow and reproduce in an aquatic environment (Lawrence, 1966). Weed problems in the tropics are prevalent since the high temperatures enhance growth rates and shorten the life span of plants. As a consequence, there is a large accumulation of organic material which by the release of nutrients stimulates more growth. Some examples of aquatic weeds as given by (Fryer et al., 1977) include Phyramitel communis (Common-red), Spargamum erectum (Branched bur-reed), Typha latifolia and T.angustifolia (Reeds-maces), Glyceria maxima (Reed sweet grass) and Rimes hydrolapathum (Water spuck).
Weed Management refers to any deliberate effort made by man to eliminate weed seeds and stop them from growing or to stop weed growth. Consequently, aquatic weed management is the elimination or control of weeds in aquatic environment. Weed control is therefore achieved by one or a combination of the following methods which include cultural, chemical, physical, mechanical and biological weed controls (Okaro, 2001). 

However, in spite of the various aquatic weed control measures, the intent of this review work is to discuss on biological control only which involves the use of species such as tilapia, common carp, grass carp, tilaploid grass carp, stocking and the use of animals. 

CHAPTER TWO
2.0
TYPES OF AQUATIC WEEDS

There are four major types of aquatic weeds:
i. Emergent species 

ii. Floating species

iii. Submerged species

iv. Algae

(I.) Emergent species: These are those weeds with aerial stems and leaves protruding above the water surface. They are generally large kind erect plants and mostly have long, narrow leaves like grass and are commonly refer as reeds. Example of these weeds species include Phrangmites communis (common reed), Spanngimum erectum (branched bur-reed), Typha latifolia and T. agustifolia (reed-macus), Glyceria marima (reed sweet grass) etc. (Feason and Fryer 1977).
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Plate 1: Typha latifolia
Source: Wikipedia.org/wiki/typha_latifolia
(ii.) Floating species: many water weeds have leaves that float on the water surface either singly or in rosettes. They may be free floating example are; Lemna minor (duck-weed), Hydrocharis morsus-ramae (troght), Nupharlutra (yellow water lilly), calliriche spp (water startwart) etc. (Feason and Fryer 1977). 
[image: image2.jpg]



Plate 2: Lemna minor (colonizing a small pool of water)
Source: Wikipedia.org/wiki/lemna_minor
(iii.) Submerged species: These are commonly rooted in mud. Example are Mynophyllum spp (water-milfolis), Elodea canadensis (Canadian water-weeds), Potomogeon spp. (pond weeds), Ranunculus spp. (water crow foots) etc. (Feason and Fryer 1977).
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Plate 3: Elodea canadansis
Source: Www.nzflora.info/factsheet/images%5cimage120klarge.jpg
(iv.) Algae: These are known as plant weeds of simply form and are classified according to the colour of the pigment they contain. Example is Vaucheria dichotoma etc. (Feason and Fryer 1977).
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Plate 4: Vaucheria dichotoma
Source: Www.hispareseu/presentations/
Table 1: Examples of aquatic weeds as given by Fryer et al. (1977)
	BOTANICAL NAMES
	COMMON NAMES 

	Phyramitel communis 
	Common-red 

	Spargamum erectum
	Branched bur-reed

	Typha latifolia and T.angustifolia 
	Reeds-maces 

	Glyceria maxima
	Reed sweet grass

	Alisma planago- aquatic
	Water plantain

	Rimes hydrolapathum
	Water spuck

	Sagittaria sagittifolia 
	Arrow head

	Epilobium hirsutum 
	Sweet willow herd

	Elodea Canadensis
	Canadian water weed

	Ranunculus spp 
	Water crownfoot


Table 2: Types of aquatic weed as given by Makepeace et al. (1997)

	TYPES 
	EXAMPLES 

	Emergent spp
	Phragmites communis, Typha latifolia, T.angustifolia 

	Floating spp
	Lemna minor, Hydroacharis morsus-rane etc.

	Submerged spp
	Myriophyllum spp, Elodea canadesis

	Algae 
	Vancheria dichotoma etc.


2.1
IDENTIFICATION OF AQUATIC WEEDS 

Identification is the first step in managing aquatic weeds. Most control methods are aimed at specific weeds or groups of weeds with similar growth habits.

Aquatic weeds can be divided into two botanical groups: 

a. Algae and 

b. Flowering plants

Algae are usually very simple in structure with no apparent leaves or stems. However, some (for example, chara) can resemble flowering plants. Microscopic algae form scums and or colours the water green or yellow – green. Sometimes they cause red, black or oily streaks in the water called ‘‘BLOOMS’’. Blooms usually occur where abundant nutrients are reaching the water. Filamentous algae (also known as moss) form floating, mat-like growths which usually begin around the edges and bottom of ponds in the early spring. Moss is probably the most common in lakes and ponds in the Midwest (Feason and Fryer 1977).

Chara or Stonewort usually grow in very hard water and is likely often calcified and brittle. The plant is rooted and roots are arranged along the skin in whorls. It grows completely under water and has a musky smell. Chara can be difficult to control once it has become established and has a heavy coating of calcium carbonates. Although this plant resembles some flowing plants, it is on ALGA
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Plate 5: Chara globularis (stonewort)

Source: Https://en.m.wikipedia.org/wiki/seagrass
Sea grasses are flowing plants. They are called sea grasses because in many species, the leaves are long and narrow, grow by rhizome extension and often grow in large meadows which look like grass land.

Like the autotrophic plants, sea grasses photosynthesize so are limited in growing in the submerged photic zone and most occur in shallow and sheltered coastal waters anchored in sand or mod bottoms. Most species undergo submarine pollination and complete their entire life cycle under water. Sea grass beds are highly diverse and productive ecosystems and can harbour hundreds of associated species. Some species of organisms which include the green turtles, dugongs, fish, geese, swans, sea urchins and crabs feed on sea grasses.
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Plate 6: Sea grass bed (Cymodoceaceae spp)

Source: Https://en.m.wikipedia.org/wiki/seagrass
2.2 ENVIRONMENTAL FACTORS DETERMINING THE DISTRIBUTION OF AQUATIC WEEDS.

a. Depth of water: This restrict the distribution of those emergent and rooted floating plants that are not able to adopt to a fully submerged form and, through reducing light intensity, also submerge the range of submerged plant.

b. Rate of flow: Some plants are suitable to swiftly flowing stream, e.g. ranunculus fuitan (river water crowfoot). While others such as the shallow- rooted Elodea Canadensis (Canadian water weed), is not and is only found where the current is slow or the water is stationary.

c. Type of substrate: The substrate is considered to be the major factor determining the distribution of water weeds. Silts and mud rich in organic matter are necessary for growth of many of the more troublesome species.

d. Light: Although much aquatic plant adapted to growth at low light intensities, competition for light plays an important role in their distribution and prominence in a community. Emergent species often suppress submerged weeds without eliminating them and when the tall plants are controlled, the others quickly spread and fill the channel (Feason et al., 1977).

e. Chemical status of water: The availability of plant nutrients to effects the distribution of algae, floating and emerged plants that absorb all or some of their requirement from the water distribution of all species can also be effected by PH, hardness of the water and various types of pollution that either increase the plant nutrient status of the water or mud or introduce substance and introduced toxic to weed growth (Feason et al., 1977).

2.3
PROBLEMS CAUSED BY AQUATIC WEEDS

· Aquatic weeds interfere with or prohibit recreational activities such as swimming, fishing and beating.

· It detracts from the aesthetic appeal of a body of water.

· It interferes with a balanced fish population.

· Certain algae can give water bad tastes and odour.

· It impedes the flow of water in drainage ditches, irrigation canals and culverts.

· It impedes the flow of water vessel

· Presences of weeds reduce oxygen concentration in water bodies leading to the death of water organisms.

CHAPTER THREE

3.0
BIOLOGICAL CONTROL
Biological control is the intentional manipulation of natural enemies for the purpose of controlling weeds. Biological control of aquatic weed is however defined as the process of removing weeds growing in the body of water where they are not needed and are either partially immersed or wholly submerged through the process of biological activities (Okeke, 2015). 

Biological control of aquatic weed is very attractive because rivers and lakes are sensitive eco-system that is very important to wide life and human health. Moreover, there are three approaches to biological control (John, 2012). There are different measures in the biological control of aquatic weeds. The following species can be used for the method;

I. 
The use of tilapia 

II. 
The use of common carp

III. 
The use of grass carp

IV. 
The use of tilaploid grass carp

V. 
stocking

VI.
The use of animal  

· The use of tilapia: These are tropical fish that resemble our native sunfish, and can control certain aquatic weeds. They are divided into two, the blue tilapia and red-belly tilapia. The former feeds on algae (both planktonic and filamentous) while the later feeds on submerged vascular plant.

· The use of common carp: Example of common carp is Israeli carp and is recommended for filamentous algae control.
· The use of grass carp: This is also called white amour. It was introduced by USA in 1960s for aquatic weed control.
· Troploid grass-carp: This was used in 1980’s by the biologist to control aquatic weeds. In this can consume more than their weight of fresh vegetation in just a single day.
· Stocking: Most of the aquatic submerged weed can be controlled by with a stocking when a pond is stocked, it generally prevent the growth of aquatic weeds (Awinash, 2003).
· The use of animal:  Animals are allowed to browse around the aquatic environment. This is used in the reduction of aquatic weed within an aquatic environment. 
3.1
BIOLOGY OF AQUATIC WEED IN RELATION TO THEIR CONTROL
Most of the troublesome water weeds are perennials but they vary in the way in which they survive in the winter. Many of them are sensitive to post any aerial shoot that are destroyed as soon as the air temperature drops to freezing. The rhizomes and roots of these plants remain dormant throughout the winter and re-grow when conditions are again favourable. Many of the submerged plant e.g. Myriophyllum verticillatum (whorled water milfoil) begin to die back before the first frost and produced special winter buds (turions) which remains in the mud at the bottom of the channel until the spring. Others like Callistridunu tagnalis (common water starwort) sometimes continues to grow through the winter (Feason et al., 1979).
In the spring the water weeds usually lay behind terrestrial plant in starting new growth because the water at the bottom of the pool or channel takes longer to reach a temperature that favour plant growth. But once growth has started it continues very rapidly and within few weeks Ranunculus aquatilis for example, can produce stems 6pm long. Blanket weed composed of filamentous algae normally sinks in the winter and gradually decomposes but new growth develops rapidly in the spring from any living material on the bottom and sides of the channel. It is believed to be able to withstand dehydration to some extent when it is left on the bank after the water level has been lowered; however, this has to be confirmed (Fryer et al., 1977).
CHAPTER FOUR

4.1
APPROACHES TO THE BIOLOGICAL CONTROL 
There are certain approaches to biological control and they are as follows:

· IMPORTATION: This involves the introduction of host-specific natural enemies of alien weeds. And this particular method is mostly used in biological control of aquatic weeds. Natural enemies from the native range of pest are identified, collected imported, reared and released. Classical biological control also entails several key steps like overseas research, quarantine research, release, establishment and technology transfer. Relatively, few biological agents that are initially considered actually make it to the release stage. Even fewer of those released successfully establish and control the weed (Debach and Rosen, 1991).

· CONSERVATION: This involves the preservation and maintenance of the natural enemies that occur in an area. Reducing insecticide use and providing flowers as nectar sources for wasps that need his food. This is an example of the conservation method of biological control of aquatic weed.  

· AUGMETATION: This entails the periodic release of natural enemies that do not naturally occur in sufficient number to provide pest control. Augmentative release may be designed to ‘seed’ natural enemy population or as inundator release that overwhelm weed populations. In Texas for instance, because the problems are exotic species. Importation of host specific enemies has been necessary for the success of biological control of aquatic weeds (Rees et al,. 1996).

4.1
FACTORS DETERMINING THE CHOICE OF CONTROL MEASURES 
i. The choice of control required

It is important to remove all weeds growth from a water course. The amount that is to be controlled will depend upon local conditions of flood risk and the importance of fishing and other interests that might conflict with weed control. The different degree of weed control met with may be considered in four categories based on the relative importance of these factors. They are:
a. Complete eradication: This means where land drainage is paramount or long term eradication of all weed growth. This is only likely where there is a very high rate of flooding of; for example, urban areas usually in these situations the channels would be limed and the need of weed control reduced.

b. Selective control: That is the control of one or more species leaving other that not troublesome.

c. Controlled growth: That is the removal of excessive growth at least for part of the year without seriously reducing the plant cover. This is the commonest objective and applies to both banks and channels of almost all unlined water courses where the surface drainage is the main reason for weed and fishing is also importance.

d. Occasional control: that is the periodic treatment necessary for the management of fish and other wild life habitats. This is usually applicable to lakes and ponds.

ii. The suitability of available techniques:

There are some other important points that must be considered when selecting the most suitable method of aquatic weed control.

The first is whether the treatment will achieve the required degree of weed control. In cases where complete eradication is required a total, persistent herbicide may be all that is needed to main a wild life habitat in satisfactory. Some will need complete control of all plants while others will meet selective control of troublesome species only; some will need long term control while other will need temporary defoliation only. In all these situation, it is essential to know the how the different plant species react to the different treatment in order to judge which will be the most lively to give the desired result.(Fryer et al 1977).

Local practical consideration such as the accessibility of the weeds, the availability of labour and cost of each operation are factors that must also be taken into account. The effect on the efficiency of the treatment of certain conditions of water course such as flow, below the point of treatment must be borne in min. (Fryer, et al 1977).

CONCLUSION
In spite of these merits and demerits in the biological control of aquatic weeds, the decision to use biological control is seen in a step i.e. the potential aspect of the weed, the risk of the environment, the consequences of doing nothing will be considered and the alternative control measure that is available.
The social value and scientific information at all influence in the opinion taken. Because ones this organism for the control are released, there may be little good alternative to reverse the decision so decision are taken seriously. This is further complicated by the fact that message becomes available. We should also note the regulation that permit the release as new message becomes available. We should also note the regulation that permit the release of organisms. Finally, it is recommended that the adoption of this measure in the control of aquatic weeds will help to eradicate unwanted weeds within the aquatic environment and create avenue for easy flow of water and other important activities that go on in the body of the water.
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