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 Предисловие 

Учебно-методическое пособие предназначено для студентов 3 курса 
факультета «Мониторинг окружающей среды», специальности «Природо-
охранная деятельность»  

Актуальность данного пособия, выбор тем и последовательность их 
изучения обусловлены концепцией интегрированного обучения. 

Целью работы с пособием «English for Biological Monitoring» является 
овладение специализированной лексикой; формирование, совершенствова-
ние и развитие навыков и умений чтения профессиональных текстов; а так 
же формирование и совершенствование навыков профессионально-
ориентированного общения. 

Оригинальность данной разработки заключается в том, что в нее вклю-
чены упражнения, способствующие формированию навыков аннотирования 
и реферирования англоязычных текстов, а также задания на словообразова-
ние, перефразирование, семантизацию лексики.  

Данное пособие способствует формированию языковой и коммуника-
тивной компетенции. А именно способности к обобщению, анализу, воспри-
ятию информации, способности аргументировано и ясно излагать свои мыс-
ли, умению адекватно переводить аутентичные тексты, развитию навыков 
просмотрового и изучающего чтения.  

 Пособие состоит из 2 частей: часть I состоит из 10 разделов содержа-
щих задания и упражнения. Каждый раздел имеет четкую структуру: упраж-
нения, способствующие расширению активного и пассивного словарного за-
паса, упражнения на чтение и понимание текста, упражнения на 
формирование и совершенствование навыков говорения и незначительное 
количество письменных заданий. Новые стандарты высшего образования 
предусматривают увеличение количества часов, выделенных на самостоя-
тельную работу, именно поэтому часть II содержит тексты для самостоя-
тельного внеаудиторного чтения. Также во вторую часть пособия вошли 
приложения, включающие в себя расшифровку видеофайлов; приложения 
с набором фраз и выражений, способствующих развитию умений вести дис-
куссию, а также анализу текста; приложения со схемами и таблицами. К по-
собию прилагается коллекция видеофайлов. 

Конечным этапом работы с разделом может быть устное сообщение на 
заданную тему с использованием нового лексического материала.  

Пособие может быть также использовано на занятиях студентов других 
биологических и экологических специальностей.  
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UNIT ONE 

Environmental Issues. 

1. Look through the following internet news quotations and try to outline 
the problems to be discussed. 

Air pollution claimed 7 million lives in 2012, according to a report just re-
leased by the World Health Organization, with the vast majority of deaths occur-
ring in low- and middle-income countries. 

China's government plans to invest tens of billions of Yuan annually over the 
next six years to find a solution to soil pollution, which affects 200 million acres of 
arable land, or one tenth of the country's total, reports Beijing's Economic Observer. 

A chemical plant holding a “minor” stormwater discharge permit caused 
a major drinking water disaster in Charleston, W.Va., in February 2014, reports 
Triblife news. 

As the oil and gas industry lobbies for permission to drill offshore, scientists 
say the deafening noise from seismic oil exploration could spawn devastating con-
sequences. According to Newsweek, extreme noise pollution has been known to 
kill hundreds of whales and dolphins at a time. 

Vocabulary practice 

2. Study the following words 
1 contamination загрязнение, зара-

жение 
13 to contribute способствовать 

2 pollution загрязнение 14 sulphur  сера 
3 to disturb нарушить, мешать 15 carbon углерод 
4 to decrease уменьшать 16 excessive чрезмерный 
5 to increase увеличивать, уси-

ливать 
17 to prevent  предотвращать 

6 to impact влиять, воздей-
ствовать 

18 particulate  в форме частиц 

7 to affect воздействовать, 
влиять 

19 source источник, первопричи-
на 

8 an effect/impact воздействие, влия-
ние 

20 hazard  риск, опасность 

9 to moderate сдерживать 21 to survive  выживать, выжить 
10 consequence последствие 22 detrimental вредный; убыточный 
11 to eliminate  устранять, исклю-

чать 
23 dissolved растворенный 

12 nutrient питательное веще-
ство 

24 to correlate соотносить, находиться 
 в определенном соот-
ношении 
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3. Why do you think you know the following words without looking up? 
ecology 
balance 
material 
biological  
organism 
toxic 
atmosphere 

pesticide 
chemical 
municipal  
metal 
energy 
aquatic 
ultraviolet 

nitrogen 
phosphor 
oxygen 
organic 
industrial 
urban 
radiation  

humus 
vegetative 
bacteria 
microscopic 
chronic 
permanent 
ozone 

process 
oxidant 
smog 
crystal 
automobile 
photochemical 
climate 

4. Match the terms with their definitions. 
1 acid rain  a the washing away of soil by the flow of water 
2 deforestation  b rain containing acids that form in the atmosphere 

when industrial gas emissions (especially sulfur diox-
ide and nitrogen oxides) combine with water 

3 dumping  c an increase in the earth's average atmospheric temper-
ature that causes corresponding changes in climate 
and that may result from the greenhouse effect. 

4 fossil fuels  d Liquid and solid waste carried off in sewers or drains. 
5 global 

warming 
 e the mining of ore or coal from an open mine 

6 landfills  f The cutting down and removal of all or most of the 
trees in a forested area where the land is thereafter 
converted to a non-forest use. 

7 sewage  g a piece of land where waste materials are dumped 
8 soil erosion  h the uncontrolled spread of urban development into 

neighboring regions. 
9 strip mining  i any naturally occurring carbon or hydrocarbon fuel, 

such as coal, petroleum, peat, and natural gas, formed 
by the decomposition of prehistoric organisms 

10 urban sprawl  j disposal of waste material by burying it under layers 
of earth 

5. Complete the following sentences with the correct derivative of the word 
in bold. If needed, consult the options given in the table at the end of the vocabu-
lary section. 
1 Environmental ……….. is any discharge of material or energy 

into water, land, or air that causes or may cause acute (short-
term) or chronic (long-term) detriment to the Earth's ecological 
balance or that lowers the quality of life. 

pollute 

2 ………… suspended solids block out energy from the Sun and 
thus affect the carbon dioxide-oxygen conversion process, 
which is vital to the maintenance of the biological food chain. 

exceed 
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3 Groundwater infiltration and ………….of water supplies with 
toxic chemicals have recently led to more active control of 
landfills and industrial waste disposal. 

contaminate 

4 Less than 2 mg/l of oxygen is sufficient to cause a fish kill and 
seriously to disrupt the growth of associated organisms that re-
quire oxygen to…………. 

survival 

5 Pesticides are organic and inorganic chemicals originally in-
vented and first used effectively to better the human environ-
ment by controlling ……….life forms such as bacteria, pests, 
and foraging insects. 

desire  

6 Rapid …………and rapid population increase have produced 
sewage problems because treatment facilities have not kept 
pace with need. 

urban 

7 The non-conventional water pollutants include dissolved and 
………forms of metals, both toxic and nontoxic, and degrada-
ble and persistent organic carbon compounds discharged into 
water as a by-product of industry or as an integral part of mar-
ketable products. 

particle 

 

6. Combine the two parts of the sentences paying attention to the linking 
word.  
1 Humans also pollute the atmosphere on a 

global scale 
 a they are essen-

tial to the aquat-
ic habitat 

2 DDT is still a popular pesticide in the world  b municipal 
wastes are the 
most obvious. 

3 Many researchers attribute increased irrita-
bility, lower productivity, decreased toler-
ance levels, increased incidence of ulcers, 
migraine headaches, fatigue, and allergic 
responses to continued exposures to high-
level noises in the workplace and the gen-
eral environment 

 c its use has been 
banned in the 
United States 
since 1972 

4 Most noise sources are measured in terms 
of intensity, or strength of the sound field 

although d until the early 
1970s little at-
tention was paid 
to the possible 
harmful effects 
of such pollu-
tion. 

7 

 



 

5 Nutrients such as nitrogen and phosphorus 
may also cause overfertilization and accel-
erate the natural aging process (eutrophica-
tion) of lakes 

 e the frequency 
(pitch) of noise 
may be of ma-
jor importance 

6 The accumulations of some types of waste 
are far greater, in many instances are more 
difficult to dispose of, and present greater 
environmental hazards 
 

 f little hard in-
formation is 
available on the 
psychological 
side effects of 
increased noise 
levels. 

7. Translate the given words and phrases. Complete the sentences using 
them. 
a. bioaccumulative 
b.  radioactive nuclear wastes 
c. oxides of sulfur and nitrogen 
d. inhibits the ability 
e. accelerates chemical-biological pro-
cesses 

f. insidious and persistent toxic pollu-
tants 
g. exposure 
h. suspended solids 
i. dissolved solids 

 
1. The hard pesticides are 1. …………………….., that is, they are retained 

within the body of the consuming organism and are concentrated with each ensu-
ing level of the biologic food chain. 

2. Introduction into fresh or ocean waters of chemical, physical, or biological 
material that degrades the quality of the water ranges from simple addition of dis-
solved or suspended solids to discharge of the most 2. 
……………………………….(such as pesticides, heavy metals, and nondegrada-
ble, bioaccumulative, chemical compounds). 

3.   …………………………….cannot be treated by conventional chemical 
methods and must be stored in heavily shielded containers in areas remote from bi-
ological habitats. 

4. The increased temperature 4. ………………………………..and decreases 
the ability of the water to hold dissolved oxygen. 

5. High concentrations of 5. …………………..silt up rivers and navigational 
channels 

6. …………………., carried long distances by the atmosphere and then pre-
cipitated in solution as acid rain, can cause serious damage to vegetation, water-
ways, and buildings. 

7. Excess 7. …………………make the water undesirable for drinking and 
for crop irrigation. 
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8. The environmental effects of 8. …………to high-level ionizing radiation 

have been extensively documented through postwar studies on individuals after the 
disaster in Hiroshima. 

9. A dramatic example of this effect is DDE (a product of the breakdown of 
DDT), which effectively 9.…………………of birds to provide sufficient calcium 
deposits for their eggs. 

8. Translate into English in written form. Mind the vocabulary. 
1. Загрязнением называют поступление в окружающую природную 

среду любых твердых, жидких и газообразных веществ, микроорганизмов 
или энергий (в виде звуков, шумов, излучений) в количествах, вредных для 
здоровья человека, животных, растений и экосистем. 

2. Любые вредные компоненты и вещества, попадающие в тот или иной 
водоем, такой как реки, океаны, пруды, и ручьи, приводят к загрязнению во-
ды. 

3. Воздушное загрязнение вызывается выбросом вредных веществ в ат-
мосферу. 

4. Радиоактивное загрязнение вызывается авариями, произошедшими 
на ядерных электростанциях, неправильной утилизацией ядерных отходов, 
работами на урановых рудниках. 

5. Ключевые факторы, способствующие загрязнению почвы, – это 
сточные канавы, вредные отбросы, неправильная сельскохозяйственная дея-
тельность, использование неорганических пестицидов, вырубка леса, откры-
тые горные работы и такая человеческая деятельность как сброс отходов и 
замусоривание. 

6. Любой шум, который неприятен для человеческого слуха, является 
шумовым загрязнением.  

Additional options for ex.5 
1 pollution polluter pollutant unpolluted polluting 
2 excessive excesses excessively excessiveness exceed 
3 contamination contaminant contaminator contaminative contaminability 
4 survivor survive survivorship survivable suvivance 
5 desirous desirable undesirable desirousness desirability 
6  urbanism urbanization urbanite urbanoid urbanity 
7 partibility partible partial  particulate - 
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Reading practice 

9. Read the text. Divide it into 11 paragraphs. Choose the most suitable 
heading from list 1-12 for each paragraph. There is one extra heading you don’t 
need to use.  

Types of Pollution 

1. Air pollution 
2. Conclusion  
3. Introduction  
4. Land pollution 

5. Light pollution  
6. Noise pollution  
7. Personal pollution  
8. Pesticide Pollution 

9. Radioactive pollution  
10. Thermal pollution  
11. Visual pollution  
12. Water pollution  

 
By Melissa Mayntz 

 
There are several types of pollution, and while they may come from different 

sources and have different consequences, understanding the basics about pollution 
can help environmentally conscious individuals minimize their contribution to the-
se dangers. In total, there are nine recognized sources of pollution in the modern 

world. These sources of pollution don't 
simply have a negative impact on the 
natural world, but they can have a 
measurable effect on the health of hu-
man beings as well.  Air  pollution is 
defined as any contamination of the 
atmosphere that disturbs the natural 
composition and chemistry of the air. 
This can be in the form of particulate 
matter such as dust or excessive gases 

like carbon dioxide or other vapors that cannot be effectively removed through 
natural cycles, such as the carbon cycle or the nitrogen cycle. Air pollution comes 
from a wide variety of sources. Some of the most excessive sources include: vehi-
cle or manufacturing exhaust, forest fires, volcanic eruptions, dry soil erosion,  and  
other  natural  sources;  building  construction  or demolition. Depending on the 
concentration of air pollutants, several effects can be noticed. Smog increases, 
higher rain acidity, crop depletion from inad-
equate oxygen, and higher rates of asthma. 
Many scientists believe that global warming 
is also related to increased  air pollution. Wa-
ter  pollution  involves any contaminated wa-
ter, whether from chemical, particulate, or 
bacterial matter that degrades the water's 
quality and purity. Water pollution can occur 
in oceans, rivers, lakes, and underground res-
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ervoirs, and as different water sources flow together the pollution can spread. 
Causes of water pollution include: increased sediment from soil erosion, improper 
waste disposal and littering, leaching of soil pollution into water supplies, organic 
material decay in water supplies. The effects of water pollution include decreasing   
the quantity  of  drinkable  water  available,  lowering water supplies for crop irri-
gation, and impacting fish and wildlife populations that require water of certain pu-
rity for survival. Soil, or land pollution, is contamination of the soil that prevents 
natural growth and balance in the land whether it is used for cultivation, habitation, 
or a wildlife preserve. Some soil pollution, such as the creation of landfills, is de-
liberate, while much more is accidental and can have widespread effects. Soil pol-
lution sources include: hazardous waste and sewage spills, non-sustainable farming 
practices, such as the heavy use of inorganic pesticides, strip mining, deforestation, 
and other destructive practices, household dumping and littering. Soil contamina-
tion can lead to poor growth and reduced crop yields, loss of  wildlife habitat,  
water  and visual pollution, soil erosion, and desertification. 

Noise pollution refers to undesirable levels 
of noises caused by human activity that disrupt the 
standard of living in the affected area. Noise pollu-
tion can come from: traffic, airports, railroads, 
manufacturing plants, construction or demolition, 
concerts. Some noise pollution may be temporary 

while other sources are more permanent. Effects may include hearing loss, wildlife 
disturbances, and a general degradation of lifestyle. Radioactive pollution  is  rare  
but  extremely  detrimental, and  even  deadly, when it occurs. Because of its inten-
sity and the difficulty of reversing damage, there are strict government regulations 
to control radioactive pollution. Sources of radioactive contamination include: nu-
clear power plant accidents or leakage, improper nuclear waste disposal, uranium 
mining operations. Radiation pollution can cause birth defects, cancer, sterilization, 
and other health problems for human and wildlife populations. It can also sterilize 
the soil and contribute to water and air pollution. Thermal pollution is excess heat 
that creates undesirable effects over long periods of time. The earth has a natural 
thermal cycle, but excessive temperature increases can be considered a rare type of 
pollution with long term effects. Many types of thermal pollution are confined to 
areas near their source, but multiple sources can have wider impacts over a greater 
geographic area. Thermal pollution may be caused by: power plants, urban sprawl, 
air pollution particulates that trap heat, de-
forestation, and loss of temperature moder-
ating water supplies. As temperatures in-
crease, mild climatic changes may be ob-
served, and wildlife populations may be un-
able to recover from swift changes. Light  
pollution  is  the over  illumination of an ar-
ea that is considered obtrusive. Sources in-
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clude: large cities, billboards and advertising, nighttime sporting events and other 
nighttime entertainment. Light pollution makes it impossible to see stars, therefore 
interfering with astronomical observation and personal enjoyment. If it is near resi-
dential areas, light pollution can also degrade the quality of life for residents. Visu-
al pollution - eyesores - can be caused by  other  pollution or  just  by undesirable, 
unattractive views. It may lower the quality of life in certain areas, or could impact 
property values and personal enjoyment. Sources of visual pollution include: pow-
er lines, construction areas, billboards and advertising, neglected areas or objects 
such as polluted vacant fields or abandoned buildings. While visual pollution has 
few immediate health or environmental effects, what's causing the eyesore can 
have detrimental affects. Personal pollution is the contamination of one's body and 
lifestyle with detrimental actions. This may include: excessive smoking, drinking 
or drug abuse, emotional or physical abuse, poor living conditions and habits, poor 
personal attitudes. In some cases, personal pollution may be inflicted by caregivers, 
while in other cases it is caused by voluntary actions. Taking positive steps in your 
life can help eliminate this and other sources of pollution so you can lead a more 
productive, satisfying life. All types of pollution are interconnected. For example, 
light pollution requires energy to be made, which means the electric plant needs to 
burn more fossil fuels to supply the electricity. Those fossil fuels contribute to air 
pollution, which returns to the earth as acid rain and increases water pollution. The 
cycle of pollution can go on indefinitely, but once you understand the different pol-
lution types, how they are created, and the effects they can have, you can make 
personal lifestyle changes to combat poor conditions for yourself and others around 
you. 

10. Complete the sentences with appropriate terms. 
1. The introduction into fresh or ocean waters of chemical, physical, or bio-

logical material that degrades the quality of the water and affects the organisms liv-
ing in it is called…  

2. The accumulation in the atmosphere of substances that, in sufficient con-
centrations, endanger human health or produce other measured effects on living 
matter and other materials is called … 

3. Contamination caused by organic and inorganic chemicals originally in-
vented and first used effectively to better the human environment by controlling 
undesirable life forms such as bacteria, pests, and foraging insects is called … 

4. The discharge of waste heat via energy dissipation into cooling water and 
subsequently into nearby waterways is called … 

5. Contamination caused by any form of ionizing or nonionizing radiation 
that results from human activities is called … 

6. Excessive, harmful or annoying, generated by human activities environ-
mental noise that disrupts the activity or balance of human or animal life is called 
…. 
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7. The degradation of the Earth's land surface through misuse of the soil by 

poor agricultural practices, mineral exploitation, industrial waste dumping, and in-
discriminate disposal of urban wastes is called …. 

11. Complete the following sentences. Your answers must be related to the 
ideas contained in the text. 

1. Air pollution comes from a wide variety of sources… 
2. Causes of water pollution include… 
3. Light pollution comes from… 
4. Noise pollution can come from… 
5. Personal pollution can be caused by… 
6. Soil pollution sources include… 
7. Sources of radioactive contamination include… 
8. Sources of visual pollution include... 
9. Thermal pollution may be caused by… 

12. Correlate the following sentences with the types of environmental pol-
lution.  

1. Coal strip mining releases acid wastes that spoil the surrounding water-
ways. 

2. Composting is increasingly used to treat some agricultural wastes, as well 
as such municipal wastes as leaves and brush. 

3. Excess dissolved solids make the water undesirable for drinking and for 
crop irrigation.  

4. Increased exposure to medical X rays and to radiation emissions from mi-
crowave ovens and other household appliances, although of considerably less 
magnitude, all constitute sources of environmental radiation. 

5. Soil erosion not only despoils the Earth for farming and other uses, but al-
so increases the suspended-solids load of the waterway. 

6. Statistical studies indicate that smog is a contributor to malignancies of 
many types. Photochemical smog produces eye irritation and lacrimation and caus-
es severe damage to many types of vegetation, including important crops. 

7. The discharge of heated water into a waterway often causes ecologic im-
balance, sometimes resulting in major fish kills near the discharge source. 

8. The most readily measurable physiological effect of noise pollution is 
damage to hearing, which may be either temporary or permanent and may cause 
disruption of normal activities or just general annoyance. 

9. Untreated and partially treated sewage from municipal wastewater systems 
and septic tanks in unsewered areas contribute significant quantities of nutrients, 
suspended solids, dissolved solids, oil, metals (arsenic, mercury, chromium, lead, 
iron, and manganese), and biodegradable organic carbon to the water environment. 
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13. Read the article. Mark the statements below the text as true or false. 

The Definition of Green Living (And Greenwashing) 

http://www.sustainablebabysteps.com/definition-of-green-living.html 

Q: What is the definition of green living? 
Green living is a lifestyle which seeks to bring into balance the conservation 

and preservation of the Earth's natural resources, habitats, and biodiversity with 
human culture and communities.  

Proponents of sustainable living understand that we are neither separate from 
nor unaffected by our natural surroundings and that the direction of the human race 
is directly affected by the direction of the Earth's environment in which we live.  

Such proponents understand the need to embrace practices which have little 
or no negative impact on our environment, to reduce waste and consumption, to 
work with Nature in creating sustainable food systems and living arrangements and 
to strengthen local communities and relationships.  

In laymen's terms, living green and sustainably means creating a lifestyle that 
works with Nature and does no long-term damage.  

Of course, this definition gets confused when you considered things like spe-
cial interests, differing scientific opinions and things like "greenwashing".  

Q: What is "greenwashing"? 
The real definition of green living is often muddled with trendy, consumerist 

messages of "green" products. This is known as greenwashing: making an unnec-
essary, wasteful, unsustainable or unethically produced product or service seem 
"green" or environmentally-friendly through advertising ploys, misinformation or 
blatant dishonesty.  

As green living gains popularity, greenwashing moves in to gain a profit. 
This isn't totally a bad thing. A step in the right direction is better than no step at 
all. But it's important to differentiate between what is truly sustainable and what is 
simply "better than nothing".  

Q: Can you give an example of greenwashing? 
Here are just a few examples:  
Paper towels made completely or partially of recycled materials: Paper tow-

els, no matter what they are made of, are almost always unnecessary and wasteful. 
Compostable disposable dishes: Composting something doesn't negate the ef-

fect of continual mass production and shipment of single-use products. 
Water bottle companies producing bottles with less plastic: No amount of 

plastic bottle waste is okay, especially when much better options exist. 
A new Fall line of clothing made from organic cotton: Most highly fashiona-

ble clothing is out of fashion quickly and rarely worn long enough to be considered 
sustainable. 
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Biofuel made from ethanol: Ethanol is a corn-based product. Not only does it 

use land area that could be used for natural habitat or food production, it requires 
the use of over 1 gallon of oil to produce 1 gallon of ethanol. 

Although these examples of greenwashing may be considered a step in the 
right direction, they are not only contributing to a broad misunderstanding of the 
definition of green living but also continue to contribute to a highly wasteful life-
style that cannot be sustained in the long-term. 

Q: Does this mean there is difference between the definition of green living 
and sustainability? 

I think so. I see sustainability as the fully committed, hard-core stuff and 
green living as the path to get there.  

Another thing I tend to ask when it comes to green living is "What are we 
sustaining?" Are we trying to sustain unhealthy foods or agriculture systems, or so-
cial systems that disconnect us from each other or the things that matter to us? 
"Green" products can't bring us any more satisfaction than other products. Our 
choices need to not only be sustainable, but also sustain us on a personal or spiritu-
al level.  

Check out Green Vs. Sustainable: What are we sustaining here? to read 
more on this topic.  

Q: So, does this website encourage green living or sustainable living? 
Both.  
I don't call this website Sustainable Baby Steps for nothing. Since most peo-

ple aren't ready or able to jump into true sustainability right out of the gate, I'm an 
advocate of making the best choices you are willing to make while taking small 
baby steps toward real hard-core sustainability.  

Don't worry; this doesn't mean I'm going to be advocating recycled paper 
towels or thinned walled plastic water bottles. Nor will I be insisting everyone live 
off-grid in a yurt. (Although a gal can dream!)  

But it does mean you'll find plenty of simple ideas to move you towards a 
more environmentally-friendly lifestyle, one sustainable baby step at a time.  

Ready to Get Stepping? 
Knowing the definition of green living can be informative and helpful. 

Knowledge and awareness are important, but the most important part is not what 
you know, it's what you do with what you know.  

When deeds speak, words are nothing. 
~ African Proverb 

1. Green living is a lifestyle that attempts to reduce an individual's or socie-
ty's use of the Earth's natural resources and personal resources. 
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2. Proponents of sustainable living refuse to conduct their lives in ways that 

are consistent with sustainability, in natural balance and respectful of humanity's 
symbiotic relationship with the Earth's natural ecology and cycles. 

3. Greenwashing is a form of spin in which green PR or green marketing is 
misleadingly used to promote the feeling that an organization's products, aims 
and/or policies are environmentally friendly. 

4. Greenwashing come into practice when money or time has been spent ad-
vertising being "green" are the same as actually spent on environmentally sound 
practices. 

5. A grocery store considered to be “green” because they’ll take back your 
plastic grocery bags are truly sustainable. 

6. "Green" products can bring consumers more satisfaction than other prod-
ucts. 

7. There is no difference between “green” and sustainable living. 
8. “When deeds speak, words are nothing” means that  what you do is more 

important than what you say. 

14. Additional reading. Read the article “Environmental pollution” (ap-
pendix 1). Compare the ideas contained in it with the information you’ve already 
got. 

Speaking practice 

15. In pairs make a short dialogue discussing whether light pollution and 
personal pollution can be considered as really threatening, providing arguments 
for and against, acting as if one of you agreed that these pollutions are of a real 
type, while another disagreed. 

 Make use of the following phrases. If required consult Appendix 2 
personal point of view ageing/disagreeing giving examples 
As I see it, 
It seems to me that 
in my opinion/ to my 
mind  
the fact is that  
From my perspective 

that’s exactly my own 
view  
I’m of exactly the same 
opinion  
I agree in principle, but  
That’s not the way I see 
it  

for example / for in-
stance  
in particular / particular-
ly  
to give you an example 
of what I mean  
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16. Organise a local survey to discover whether people in your class think 
that visual pollution is worth mentioning while speaking about environmental 
pollution. Ask for reasons. Each person in the class must ask at least four other 
people and then report the results. 

17. Write out the keywords and phrases from the text (ex.9) which would 
help you to retell it. Provide a summary. 

18. Render the article (ex.13) in 5-7 sentences using Appendix 2. 

19. Watch the video. List the kinds of environmental pollution mentioned 
in it. What is missed in comparison with the texts (ex.9 and 14)? Speak on the 
difference. 

Writing practice 

18. Chose one kind of environmental pollution and report the situation 
with it in our country. Prepare a presentation on the topic. 

19. Watch the cartoon video. http://www.youtube.com/watch?v=tmhiglxga-
4 Provide it with the captions or synchronize it according to the content. 
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UNIT TWO 

Bioindication as a Component of Environmental Monitoring 
System 

1. Look through the following quotations and try to outline the problems to 
be discussed. 

Specific physiological and behavioural changes in bioindicators are used to 
detect changes in environmental health. The specific changes differ from organism 
to organism. The use of organisms as bioindicators encompasses many areas of 
science.  

 A bioassay involves use of a biological organism to test for chemical 
toxicity. Perhaps the oldest and most commonly known example is the canary in 
the coal mine.  

To evaluate the biological integrity or "health" of wetlands, scientists partici-
pating in BAWWG are developing biological assessment (bioassessment) meth-
ods. To conduct a bioassessment, a scientist visits a wetland and collects infor-
mation about the number of different kinds of organisms and what types of 
organisms are living there.  

Monitoring air quality using lichens is a perfect way for students to partici-
pate in original, never-been-done-before research, and get better acquainted with 
their neighborhood. Students also learn about real issues that professional scientists 
face when conducting scientific studies: that there are possible sources of error, 
that one indicator doesn’t tell you everything you need to know, that there is al-
ways the possibility for further study. 

  
Vocabulary practice 

2. Study the following words 
1 to exhibit  показывать, проявлять 

качества 
13 a habitat среда обита-

ния 
2 in response в ответ на 14 to decline ухудшаться 
3 sensitive чувствительный, вос-

приимчивый 
15 a research научное ис-

следование 
4 tolerant терпимый, толерант-

ный 
16 to sample  отбирать об-

разцы 
5 to estimate оценивать 17 an approach подход 
6 to evaluate оценивать 18 a tissue (биол.) ткань 
7 to assess оценивать 19 abundant изобилующий 
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8 macroinvertebrates беспозвоночные, ви-
димые невооружен-
ным глазом 

20 a stressor  вызывающий 
стресс фактор 

9 to measure измерять 21 a cell клетка 
10 a sentinel страж, сигнализатор 22 a species (биол.) вид 
11 a disruption разрушение 23 a substance вещество 
12 to respond реагировать, отзы-

ваться 
24 to accumulate накапливать 

3. Which of the following words can be both verbs and nouns? Mark them.  
absent   behave indicate accumulate warn stress respond 
damage function provide monitor concentrate measure present 

 4. Translate the given words. Fill in the gaps using them. 
a. measurement c. in response e. vulnerable g. media i. measures 
b. acute d. to measure f. sensitive h. sustainably j. sentinels 

 
1. Bioindicators are especially important today where there is increasing in-

terest in efforts to manage and use ecosystems 1. ……… 
2. An indicator must exhibit changes 2.………. to a stressor, but not be so 3. 

………… that changes occur when there is no cause for concern. 
3. Historically, canaries accompanied coal miners deep underground: their 

small lung capacity and unidirectional lung ventilation system made them more 4. 
…………. to small concentrations of carbon monoxide and methane gas than their 
human companions. 

4. As late as 1986, the 5. ……… sensitivity of these birds served as a biolog-
ical indicator of unsafe conditions in underground coal mines in the United King-
dom. 

5. A good indicator should be easy for scientists 6.…………., for managers 
to use in their resource management, and for conservationists to employ in species 
preservation.  

6. Ease of 7.…………..is a key characteristic; it includes such aspects as 
clarity in objectives, relationship to a problem, ease of identification of important 
features, and ease of data gathering and analysis. 

7. Managers often use indicators specifically to evaluate the effectiveness of 
particular 8.………….on the sustainability of populations or ecosystems. 

8. Three kinds of ecological indicators can be distinguished, including 
9.……….indicators (soil, air, water), ecosystem health assessments, and human 
health indicators. 

9. Animals can also serve a special bioindicator role as 10.………….. for 
health hazards. 
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5. Study the terms. Use them instead of the underlined words or phrases. 
a. reproductive success d. ingest g. scavengers j. terrestrial m. invertebrates 
b. populations e. carnivores h. habitats k. contaminants n. predators 
c. prey f. pristine i. omnivores l. sedentary o. vertebrates 
 

1. Measuring contaminants in bass is useful because of the risk that such con-
taminants affect higher-level 1. meat eating animals, such as larger fish, predatory 
birds, and humans. 

2. Fish and wildlife departments and environmental conservation programs 
have examined changes in wildlife and 2. places in which animals or plants natu-
rally grow or live as a function of predator changes, competition, invasive species, 
weather, and human disturbance. 

3. Biologists have sometimes developed bioindicators for estimating 3. suc-
cess of producing offspring, survival, and behavior without taking into account the 
effects or presence of 4. substances that pollute. 

4. Sometimes they have even ignored human effects, preferring instead to 
study 5. completely free from dirt or contamination populations removed from 
human intervention. 

5. Bass can also be directly indicative of the health and well-being of the or-
ganisms they consume (plants and animals), of their own 6. total number of indi-
viduals living in an area, of populations with which they interact with (as competi-
tors for space, food, and habitat), and of populations that 7. take them into the body 
by swallowing or absorbing.  

6. Raccoons are useful bioindicators because they occupy a variety of habi-
tats from rural to urban, are an 8. animals that feed on both animal and vegetable 
substances and eat some organisms that are both high and low on the trophic scale, 
are relatively 9. living in one place throughout the year, and are hunted and eaten in 
some parts of the United States. 

7. They are 10. inhabiting the land animals that eat prey both on land and 
from the water. 

8. Raccoons obtain contaminants from their water and food, which includes 
fruits, nuts, seeds, vegetable crops, 11. animals which have no backbone, small 12. 
animals having a backbone (frogs, snakes), fish, and anything else they can find, 
including garbage. 

9. They may also serve as 13. creatures that are hunted and killed for food for 
larger 14. creatures which hunt  other creatures for food  (including humans) and 
their  carcasses are eaten by 15. animals that feed on trash or decaying flesh. 
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6. Complete the sentences with the most suitable word.  
1. The term indicator was initially used for economic, and later social, indica-

tors and was used to refer to measures used to …………. the health of the econo-
my. 

axes   assess    access   axcess 

2. Environmental protection agencies have dealt primarily with understand-
ing how levels of contaminants in organisms, and their ………………, have varied 
over time and space, often in relation to point source pollution. 

affection   effect   effectiveness   affect 

3. Raccoons are useful bioindicators because they are ………………. and 
widespread throughout the United States. 

abundant   abandon  abandoned   abundance 

7. Complete the sentences using words in bold. Use two to five words. 
1. Because male raccoons can travel a few kilometers in their daily move-

ments, they are useful for estimating pollutants movement from contaminated sites. 
used Male raccoons …………………………… off-site movement of pol-

lutants from contaminated sites as they are capable of travelling a few 
kilometers daily.  

2. Understanding contaminant levels in their tissues can provide information 
on the health of raccoon populations themselves, on their predators (including hu-
mans), on other organisms that occupy the same trophic level. 
source Contaminant levels in their tissues can 

………………………………………. on the health of raccoon popu-
lations themselves, on their predators (including humans), on other 
organisms that occupy the same trophic level. 

3. The development of bioindicators has both a research and a management 
component, and therefore can be much improved by the inclusion of a wide range 
of stakeholders in the process. 
since ………………………………….. components in developing bioindi-

cators - a research and a management ones – this process can be much 
improved by the inclusion of a wide range of stakeholders. 

4. Nowhere is the distinction between pure research and management less 
clear than in the development of bioindicators. 
distinguished The difference between pure research and management 

…………………………………..  the development of bioindicators. 
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8. Translate into English in written form. Mind the vocabulary. 
1. Биоиндикаторы — организмы, присутствие, количество или особен-

ности развития которых служат показателями естественных процессов, усло-
вий или антропогенных изменений среды обитания. 

2. Биотестирование — метод, позволяющий в лабораторных условиях 
оценить качество объектов окружающей среды с помощью живых организ-
мов. 

3. Биомониторинг является составной частью экологического монито-
ринга состояния окружающей среды по физическим, химическим и биологи-
ческим показателям. 

4. В задачи биомониторинга входит регулярно проводимая оценка ка-
чества окружающей среды с помощью специально выбранных для этой цели 
живых объектов. 

5. Биоиндикаторы - это биологические объекты (от клеток до экосистем 
и биосферы), используемые для оценки состояния среды. 

6. Живые объекты (или системы) - это клетки, организмы, популяции, 
сообщества.  

7. С их помощью может проводиться оценка как абиотических факто-
ров (температура, влажность, кислотность, соленость, содержание поллютан-
тов и т.д.), так и биотических (благополучие организмов, их популяций и со-
обществ). 

Reading practice 

9. Read the text. Divide it into paragraphs. Headline each paragraph. 

Biomonitoring and Types of Bioindicators 

Biological indicators are species that can be used to monitor the health of an 
environment or ecosystem. They are any biological species or group of species 
whose function, population, or status can reveal what degree of ecosystem or envi-
ronmental integrity is present.  Such organisms can be monitored for changes (bio-
chemical, physiological, or behavioural) that may indicate a problem within their 
ecosystem. Bioindicators can tell us about the cumulative effects of different pollu-
tants in the ecosystem and about how long a problem may have been present, 
which physical and chemical testing cannot. Bioindicators are commonly grouped 
into accumulation indicators and response indicators. Accumulation indicators 
store pollutants without any evident changes in their metabolisms. Response indi-
cators react with cell changes or visible symptoms of damage when taking up even 
small amounts of harmful substances. A bioindicator is an organism or biological 
response that reveals the presence of the pollutants by the occurrence of typical 
symptoms or measurable responses, and is therefore more qualitative. These organ-
isms (or communities of organisms) deliver information on alterations in the envi-
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ronment or the quantity of environmental pollutants by changing in one of the fol-
lowing ways: physiologically, chemically or behaviourally. The information can be 
obtained through the study of: 

- the content of certain elements or compounds 
- the morphological or cellular structure 
- metabolic-biochemical processes 
- behaviour 
- population structure(s). 
Bioaccumulative indicators are frequently regarded as biomonitors. Bioindi-

cation is a research activity allowing us to obtain a picture of the ecological situa-
tion on the basis of its important element (e.g. species, ecological form, population, 
association or community). Bioindication is focused on searching for organisms 
that accumulate toxic substances, as their concentrations in such organisms provide 
the basis for estimating the level of environmental pollution with these substances. 
A biological monitor, or biomonitor, can be defined as an organism that provides 
quantitative information on the quality of the environment around it. Therefore, a 
good biomonitor will indicate the presence of the pollutant and also attempt to pro-
vide additional information about the amount and intensity of the exposure. The 
importance and relevance of biomonitors, rather than man-made equipment, is jus-
tified by the statement: "There is no better indicator of the status of a species or a 
system than a species or system itself." The use of a biomonitor is described as bio-
logical monitoring (abbr. biomonitoring) and is the use of the properties of an or-
ganism to obtain information on certain aspects of the biosphere. Biomonitoring is 
based on the correlation between toxic substance concentration in the environment 
and living organisms. Biomonitoring is divided into passive and active. Passive bi-
omonitoring is the use of organisms, organism associations, and parts of organisms 
which are a natural component of the ecosystem (growing naturally within the area 
of interest) and appear there spontaneously. Active biomonitoring includes all 
methods which insert organisms under controlled conditions into the site to be 
monitored. Types of bioindicators and their uses include the following: Plant Indi-
cators -- The presence or absence of certain plant or other vegetative life in an eco-
system can provide important clues about the health of the environment. 
Lichens, often found on rocks and tree trunks, are organisms consisting of both 
fungi and algae. They respond to environmental changes in forests, including 
changes in forest structure, air quality, and climate. The disappearance of lichens in 
a forest may indicate environmental stresses, such as high levels of sulfur dioxide, 
sulfur-based pollutants, and nitrogen. Animal Indicators -- An increase or decrease 
in an animal population may indicate damage to the ecosystem caused by pollu-
tion. For example, if pollution causes the depletion of important food sources, ani-
mal species dependent upon these food sources will also be reduced in number. In 
addition to monitoring the size and number of certain species, other mechanisms of 
animal indication include monitoring the concentration of toxins in animal tissues, 
or monitoring the rate at which deformities arise in animal populations. Microbial 
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Indicators -- Microorganisms can be used as indicators of aquatic or terrestrial eco-
system health. Found in large quantities, microorganisms are easier to sample than 
other organisms. Some microorganisms will produce new proteins, called stress 
proteins, when exposed to contaminants like cadmium and benzene. These stress 
proteins can be used as an early warning system to detect low levels of pollution.  

10. Complete each sentence with an appropriate term. 
1. ……………………… is a species or group of species which is representa-

tive and typical for a specific status of an ecosystem, which appears frequently 
enough to serve for monitoring and whose population shows a sensitive visible re-
sponse to changes, e.g., the appearance of a toxicant in an ecosystem. 

2. ………………………. are organisms that help study the level of pollu-
tants in the environment. Scientists can assess the accumulation of a substance, 
such as a toxic chemical, in various tissues of a living organism.  

3. ……………………….. observe species growing naturally within the area 
of interest. They are collected on the site and are analysed in the laboratory for 
their content of pollutants, e.g. (heavy) metals. This method can also be applied 
successfully in small-scale monitoring, e.g. around single emission sources or for 
the identification of pollution sources.  

4. …………………………detect the presence of air pollutants by placing 
test organisms of known response and genotype into the study area. The assess-
ment is indirect because it does not analyse the air compartment itself but the 
(bio)chemical or physiological responses of the bioindicator i.e. specific foliar inju-
ries caused by gaseous compounds or the accumulation of air pollutants in plant 
tissues. 

11. Read the article. Mark the statements below the text as true, false or 
doesn’t say (the article says nothing about it) 

Water Quality Biomonitoring 

http://www.water.ncsu.edu/watershedss/info/biomon.html 

Biological monitoring, or biomonitoring, is the use of biological responses to 
assess changes in the environment, generally changes due to anthropogenic causes. 
Biomonitoring programs may be qualitative, semi-quantitative, or quantitative. Bi-
omonitoring is a valuable assessment tool that is receiving increased use in water 
quality monitoring programs of all types.  

Biomonitoring involves the use of indicators, indicator species or indicator 
communities. Generally benthic macroinvertebrates, fish, and/or algae are used. 
Certain aquatic plants have also been used as indicator species for pollutants in-
cluding nutrient enrichment. There are advantages and disadvantages to each. Ma-
croinvertebrates are most frequently used. Biochemical, genetic, morphological, 
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and physiological changes in certain organisms have been noted as being related to 
particular environmental stressors and can be used as indicators.  

The presence or absence of the indicator or of an indicator species or indica-
tor community reflects environmental conditions. Absence of a species is not as 
meaningful as it might seem as there may be reasons, other than pollution, that re-
sult in its absence (e.g., predation, competition, or geographic barriers which pre-
vented it from ever being at the site). Absence of multiple species of different or-
ders with similar tolerance levels that were present previously at the same site is 
more indicative of pollution than absence of a single species. It is clearly necessary 
to know which species should be found at the site or in the system.  

 

blue mussel  

Sentinel organisms, or indicator species that 
accumulate pollutants in their tissues from the sur-
rounding environment or from food, are important 
biomonitoring devices. The Mussel Watch is one 
such use of a sentinel species. Filter feeders, such 
as bivalves (clams and mussels), tend to concen-
trate metals in their gills or other tissues. The 
widespread blue mussel (Mytilus edulis) accumu-
lates metals in certain tissues over time. As a re-
sult, M. edulis became a species monitored in U.S. 
waters as well as internationally for changes in 
levels of pollution. Seaweeds, (e.g., Fucus spp.) 
accumulate metals. Older algal tissue can be com-
pared to newer tissue in the same individual to de-
termine the history of contaminants in an area. 
Metals and organochlorines accumulate in finfish 
and 

territorial species or non-migratory species such as pike, largemouth bass, can be 
used for an accurate indication of mercury and organochlorine pollution in a water 
body.  

1. Bioindicators include individuals, species, or communities and are used to 
assess the quality of the environment and how it changes over time. Changes in the 
environment are often attributed to anthropogenic disturbances. 

2. The most common application of macroinvertebrates as bioindicators, due 
to their taxonomic and functional diversity, is to assess the quality of the air.  

3. The use of bioindicators is fundamentally different from classic measures 
of environmental quality. 

4. The presence or absence of certain living organisms can also act as an in-
dicator of the environmental pollution. 

5. In places where no lichens are growing it is often a sign that the air is 
heavily polluted with sulfur dioxide. 

6. Bioindicators qualitatively assesses biotic responses to environmental 
stress (e.g., presence of the lichen, Lecanora conizaeoides, indicates poor air quali-
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ty) while biomonitors quantitatively determine a response (e.g., reductions in li-
chen chlorophyll content or diversity indicates the presence and severity of air pol-
lution). 

7. Only plant species serve as reliable indices for biological monitoring of 
pollution load because of their ability to accumulate toxic substances in their tis-
sues. 

12. Complete the following sentences. Your answers must be related to the 
ideas contained in the both texts. 

1. For biomonitoring of aquatic ecosystem health scientists use…. 
2. ……………are widely used as environmental indicators or bio-indicators 

of air pollution since if air is very badly polluted with sulphur dioxide there may be 
no this organisms present. 

3. Stress proteins produced by ……………. exposed to contaminants like 
cadmium and benzene can be used as an early warning system to detect low levels 
of pollution.  

4. …………….in animal tissues can provide information on the health of the 
populations themselves, on their predators (including humans), on other organisms 
that occupy the same trophic level, and even on other parts of the ecosystem. 

5. Monitoring environmental hazards with the help of ……………………… 
provides scientists with insights on the changing geography of pollution and the 
variable effects of low doses of toxins on a large territory. 

6. The 'Mussel Watch' programme is a world-wide project using …………. 
to assess environmental impacts on coastal waters. 

13. Additional reading. Read the article “Bioindicators: Types, Develop-
ment, and Use in Ecological Assessment and Research” (appendix 1). Compare 
the ideas contained in it with the information you’ve already got. 

Speaking practice 

14. In small groups organise an interview with scientists who practice bio-
monitoring. Correlate the questions with the previous texts. The following 
phrases can be useful.  If required consult Appendix 2 

Talking of………. I would like to say/admit/emphasise….  
I would like to point out that … 
So I think there is a very good chance for me to assume that … 
It is much more likely that … 
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Although it must be admitted that …, there is no denying the fact that … 
I am convinced that … 
I firmly believe that … 

15. Write out the keywords and phrases from the text (ex.9) which would 
help you to retell it. Provide the summary. 

16. Render the article (ex.11) in 5-7 sentences using Appendix 2. 

17. Watch the video in which a biology expert Mary Poffenroth discuss-
es keystone and indicator species. Work with a partner. Each of you should con-
centrate on either keystone species or indicator species and take notes. Then look 
through the summary below.  The author has made a number of mistakes. Pre-
sent your own summary of the part you have chosen and let your partner correct 
the mistakes. S/he can ask additional questions to fulfill the missing information. 

Keystone Species vs. Indicator Species 

While all life has the right to exist, there are two groups of mammals that are 
more important to an ecosystem than other animals. These are known as keystone 
species and the indicator species. These are interchangeable terms, and each spe-
cies within these groups have a very specific role to play.  
Although the loss of either the keystone species in ecosystem or the indicator spe-
cies can’t have very serious consequences for the ecosystem it is up to humans to 
help ensure that our actions do not interfere with the health of the ecosystem by 
watching both the keystone species and the indicator species for their health and 
numbers. 

Keystone Species 
Keystone species have large influences on the environmental pollution. Like 

a "keystone" in an arch helps support the entire arch, a keystone species supports 
an ecosystem; without that species, the ecosystem will collapse.  

California sea otters* were almost hunted to extinction, for example, which 
started to cause a collapse in the ocean ecosystem. Otters eat sea urchins**, sea ur-
chins eat kelp***; without the otters, the sea urchin population declined and started 
to eat all the kelp. Kelp provides protection and spawning for fish - so a lack of ot-
ters, meant a luck to fish. Once the otters were not hunted any longer, the ecosys-
tem began to regain its equilibrium. 
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Indicator Species 
Indicator species are those plants and animals that are highly tolerant to the 

changes within the environment.  
These changes can involve the populations of other animal species to the pol-

lution levels in the air, soil or water. The increase or decrease of the species indi-
cates an exact level of pollution in the ecosystem. 
Lichens, for example, are very sensitive to sulfur dioxide and ozone. If these ele-
ments are in the air, the lichens will get sick or die off. Thus, their health is an indi-
cator for the pollution in their environment. 

*  otter - калан (морская выдра) 
**  sea urchin - морской ёж 
***  kelp- бурая водоросль, ламинария 

Writing practice 

18. Carry out a short scientific research. Find out which either keystone 
species or indicator species are used in Belarus to monitor the health of the eco-
system.  

19. Analyse all the information you have obtained from the unit, summa-
rise it and prepare the presentation on the topic “Biological Monitoring”. 
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UNIT THREE 

Butterflies as Indicators of Climate Change 

1. Look through the following quotations and try to outline the problems to 
be discussed. 

In his review on the book “Butterflies: Ecology and Evolution Taking Flight” 
Henry Horn claims that these popular insects – that is butterflies - have also helped 
professional ecologists and evolutionists to convey an understanding of their spe-
cialized interests to the general public. 

According to Biological Record Center report in 2006 butterflies are increas-
ingly being recognised as valuable environmental indicators, both for their rapid 
and sensitive responses to subtle habitat or climatic changes and as representatives 
for the diversity and responses of other wildlife. Their abundance and diversity in 
an area reflects certain condition of the biodiversity. 

“Our studies have detected changes in abundances of various insect taxa, in-
cluding butterflies, in response to silvicultural treatments. Furthermore, it was sug-
gested that sampling of insects may give enough detailed information to permit 
evaluation of the health or sustainability of the system.”-reports Kerry L. Griffis 
from Utah State University. 

Vocabulary practice 

2. Study the following words 
1 adaptation 

 
 адаптация, при-

способление 
13 to extend  

 
расширять(ся) 

2 life cycle  жизненный цикл 14 to contract  сокращать(ся) 
3 climate 

change 
 изменение клима-

та 
15 diversity  разнообразие 

4  larva  личинка 16 extinction вымирание 
5 to breed   размножаться 17 boundary граница 
6 northward, 

poleward 
 к северу, на север 18 altitude высота над уровнем 

моря 
7 upwards, 

uphill 
 вверх 19 to alter изменять 

8 whole-range 
shift 

 перемещение аре-
ала обитания 

20 distribution распространение 

9 migratory 
 

 кочующий; ми-
грирующий 

21 host plant 
 

растение, на котором 
кормятся зд. гусеницы 

10 magnitude  величина, разме-
ры 

22 abundance  множество, распро-
страненность 
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11 to stem from 
 

 происходить, 
брать начало 

23 phenology  фенология  — система 
знаний  
о сезонных явлени-
ях природы,  
сроках их наступления 
и  
причинах, определяю-
щих эти сроки. 

12 precipitation  выпадение осад-
ков 

24 to thrive процветать, преуспе-
вать 

3. Find suffixes and prefixes in the following words. Do you know any oth-
er words with the same suffixes and prefixes? Give the examples. 
migration sporadically overgrowing nonclimatic specialist closely 
poleward environment northern phenological cloudiness suitable 

4. Most of the research on the problem of using butterflies as bioindicators 
of climate change has been done by Camille Parmesan. Watch the video and 
find out why she became a biologist.  

5. Complete the table with the words below.       
  

a.  magnitude d.  extinction g.  
mean 

j.  flight m.  
destination 

p.  populations 

b.  human e.  suffer h.  
area 

k.  
weather 

n.  onslaughts q.  immediate 

c.  cloudiness f.  fluctuations i.  
lack 

l.  
margin 

o.  sporad-
ically 

r.  altitudinal 

      
1. ………….patterns 
2. ………….of biotic re-
sponse 
3. discrete …………… 
4. the ……….of suitable 
habitat 
5. 
…………………response 
6. …………periods 
7. ………….fingerprint 

8. ………….annual tempera-
ture 
9. to appear ……………… 
10. population 
……………… 
11. ………….. of occurrence 
12. anthropogenic 
……………. 
13. timing or 
………………of     
                                  migra-
tions 

14. northern 
…………….. 
15. ……………local 
extinction  
16. yearly climat-
ic……………..  
17. lower 
……………… limit 
18. increased 
………………and  
                                  
precipitation 
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6. Study the terms. Use them instead of the underlined words or phrases. 
a.  
sedentary 

c.  shifted e.  
boundaries 

g. 
poikilothermic 

i. oviposit   k. larval m. 
range 

b.  stem d.  
specialists 

f.  
migratory 

h. abundances j. 
generalists 

l. habitat n. 
decade 

 
1. Butterflies, like all insects, are 1. cold blooded organisms and climate 

change affects their rate of development, physiology, behaviour, ecology and re-
productive success. 

2. Climate change affects the survival of larval food plants through drought 
or flood, so that females are forced to fly further a field to 2. lay their eggs. 

3. For the 3. species that are able to thrive in a wide variety of environmental 
conditions and can make use of a variety of different resources this will be less of a 
problem than for 4. those that can only thrive in a narrow range of environmental 
conditions or has a limited diet, who may be unable to find suitable larval food 
plants within their restricted flight range. 

4. For the bulk of wild species that are 5. living in one place throughout the 
year, range changes 6. originate not from changes in the pattern of individual 
movement's, but from the much slower process of population extinctions and colo-
nizations. 

5. Typically, a species' range 7. moved several hundred kilometers with each 
1°C change in mean annual temperature, moving poleward and upward in eleva-
tion during warming trends. 

6. For very 8. relocating seasonally animals, such as many birds, large mam-
mals, or pelagic fishes, range movement occurs via the process of individuals mov-
ing or migration destinations changing. 

7. In order to combat the effects of climate change butterflies may also need 
to increase their range of 9. caterpillars’ food plants. 

8. There is some climatic signal in fluctuations of migrant 10. plentifulness 
among years; for example, high abundances of many migrants in 1858 and 1859 
followed 11. ten years of favorable weather. 

9. Climate largely determines the distributions of British butterflies and, apart 
from future 12. dwelling-place destruction, most species should respond to climat-
ic warming trends by expanding northward. 

10. In the southern parts of 13. the area that the species usually occupies, the-
se temperature requirements are met even when the host plants are shaded by over-
growing shrubs. 

11. Many species ranges that extend over most of Europe have their northern 
14. edges situated in Britain. 
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7. Translate the given words and phrases. Complete the sentences using 
them. 

a. track yearly climatic fluctua-
tions  

f. habitat 
destruction 

j. adaptations n. timing 

b. stemming from climate 
change  

g. whole-range 
shifts 

k. restricted 
niches  

o. 
mismatch 

c. migration destinations 
changing  

h. phenological 
shifts  

l. low dispersal p. discrete 

d. anthropogenic onslaughts i. area of 
occurrence  

m. magnitude q. invaders 

e. subtle climatic variations    
 
1. Starting with an observed distributional change and then teasing apart the-

se nonclimatic human impacts from those 1. 
…………………………………requires detailed knowledge of each species' eco-
logical specificities and sensitivities.  

2. Much wild plant and animal life has a shared form of population structure 
characterized by small, 2. ………… populations with 3. …………………….. 

3. The 4. ………………….. of biotic response indicates the importance of 
the relatively small level of climate change that has already occurred. 

4. For very mobile or migratory animals, such as many birds, large mam-
mals, or pelagic fishes, range movement occurs via the process of individuals mov-
ing or 5. ………………………….. Thus, these movements actually 6. 
…………………………….., causing range changes on an annual basis. 

5. This 7. …………………between decadal climatic trends and yearly mi-
grant fluctuations is nearly impossible to interpret without considerable analysis: it 
could be due either to high sensitivity of the butterflies to 8. ……………………or 
to relative insensitivity to those variations coupled with nonclimatic factors. 

6. In the face of a local environmental change, such as a systematic change in 
the climate, wild species can move to a new place to track the environmental 
changes—either through  9.…………………..or through changes in the 10. 
…………….or destination of migrations. 

7. Other responses that have been documented are 11. 
……………………………., such that germination, breeding, and so forth are be-
ginning earlier in response to advancement of spring weather conditions. 

8. Most of the species concerned, expanding species, show two periods of ex-
tension of their 12.…………………………. : one in the 1910s, and another which 
started about 1930 and still continues, to some extent at least. 

9. The 13.…………………………….of the twentieth century have subject-
ed wild species to a suite of factors that can alter their distributions; competition 
with 14. …………………, acid rain, nitrogen rain,  15. 
………………………….and general habitat fragmentation, and land management 
changes. 
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10. Other factors affecting species living at the extremes of their ranges are 

16. ………………..to less than ideal climate conditions, 17. …………………., 
longer life cycles or restriction to a narrow range of larval food plants. 

8. Complete the sentences using words in bold. Use two to five words. 
1. Weather patterns over the last century have shown general tendency for 

warmer temperatures, increased cloudiness (especially at night), and increased pre-
cipitation 
trends  Weather patterns over the last century 

………………………………. towards warmer temperatures, in-
creased cloudiness, and increased precipitation 

2. The reports say that there are some butterflies that are successfully fitting 
to the climate change.  
adapting There are indications that some butterfly species are 

……………………………….in a positive way.  
3. The reason why a species move may be an increase in population as well 

as affected by climate change the survival of larval food plants. 
migrate  It may not be just an increase in population that 

………………………………., climate change also affects the sur-
vival of larval food plant. 

4. The researchers have proved the strong link between the magnitude of 
change in butterfly population and the weather conditions in 28 out of 31 species. 
fluctuations  A strong connection has been found between 

………………………… and the weather conditions in 28 out of 31 
species. 

5. In spite of the facilities for expansion global warming provides, new colo-
nies can be set up if suitable new habitat is available. 
facilitates  Although ………………………………., new colonies can be set 

up if suitable new habitat is available. 
6. Although butterflies have all kinds of methods to raise their body tempera-

tures to 30– 35°C for optimal growth and development (e.g. sun basking, colora-
tion, body movement), climate determines the distribution of these insects the 
most. 
factors Although butterflies have all kinds of methods to raise their body 

temperatures to 30– 35°C for optimal growth and development (e.g. 
sun basking, coloration, body movement), climate is one of the ma-
jor ……………………………………… of these insects. 
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7. Mountain species of butterflies will be forced uphill by warming tempera-

tures, risking of becoming locally extinct after the summit is reached. 
risk  Mountain species of butterflies will be forced uphill by warming 

temperatures, with the ………………………….. after the summit is 
reached. 

8. The number of butterflies of each species occurring at a certain site in a 
certain year can be described as a community. 
be  The number of butterflies of each species that ………………… at a 

certain site in a certain year can be described as a community. 
9. On a larger scale species under new climate conditions will change their 

living zone, contracting in areas that have become less suitable and expanding into 
new areas that have become suitable. 
shift  On a larger scale species under new climate conditions will 

……………………….., contracting in areas that have become less 
suitable and expanding into new areas that have become suitable. 

10. Climate change introduces a very difficult and stimulating task to our 
butterflies, but there are ways to soften negative impacts and save them in our 
countryside. 
challenge  Climate change ………………………………… to our butterflies, 

but there are ways to soften negative impacts and save them in our 
countryside. 

9. Translate into English in written form. Mind the vocabulary. 
1. Бабочки являются отличными индикаторами влияния климатических 

изменений на живую природу. 
2. Они быстро реагируют на едва различимые сдвиги в температуре. 
3. Большинство европейских видов бабочек достигли северной границы 

своего ареала благодаря скорее климатическим изменениям, чем наличию 
среды обитания или растений, на которых кормятся  гусеницы. 

4. Большинство растущих (развивающихся) видов бабочек в Британии 
распространятся к северу, если климат станет теплее, хотя характер измене-
ний варьируется в зависимости от каждого вида. 

5. Фрагментация (дробление) среды обитания затруднила особям, кото-
рые отбились от своей популяции (that wander out of their populations) поиски 
новых, подходящих мест обитания для колонизации. 

6. Распространение бабочек может быть измерено просто путем  записи 
того, где они встречаются сейчас в сравнении с историческим записями их 
распространения. 

7. Сокращенный размер популяции, вероятно, снизит генетическое 
многообразие, что может сделать вымирание более вероятным, а адаптацию 
менее вероятной перед лицом экологических изменений. 
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8. Популяция может переместиться в местном масштабе в другой мик-

роклимат, чтобы приспособится к небольшим изменениям температуры (с 
южного на северный склоны); или вид может отмигрировать полностью, 
прекратив существование популяции на одном краю ареала и колонизировав 
новое место обитания на другом. 

9. Перед лицом местных экологических изменений виды могут остаться 
на прежнем месте, но измениться, чтобы соответствовать новой окружающей 
среде или претерпеть местное вымирание. 

10. Ареал обитания вида в целом сдвигается на несколько сот километ-
ров с каждым изменением средней годовой температуры на 1°C. 

Reading practice 

10. Read the article. Mark the statements below the text as true, false or 
doesn’t say (the article says nothing about it) 

Butterflies as Indicators of Climate Change. 

Human activity over the past 200 years has had a profound influence on our 
planet, so much that it is being suggested that we are entering a new epoch: the An-
thropocene. The industrial revolution and its consequences has led to an increase in 
the amounts of carbon dioxide, methane and other greenhouse gases in the atmos-
phere causing the climate to change. These effects in recent decades are apparent at 
all levels of ecological organisation: population, life history, shifts in geographical 
ranges, changes in species composition of a habitat and changes in structures and 
functioning of ecosystems. The aspects of climate change most relevant to butter-
flies are global warming and changing rainfall patterns. 

 

Scotch Argus  

Butterflies, like all insects, are poiki-
lothermic (cold blooded) organisms 
and climate change affects their rate 
of development, physiology, behav-
iour, ecology and reproductive suc-
cess. Some species increase in popu-
lations is associated with warm, dry 
weather during egg laying, either in 
the present or previous year, while 
for others a high spring rainfall re-
sults in an increased population the 
following year. 

 

Silver-spotted Skipper 

In Britain, most butterfly species reach the limit of their range due to climate, 
many are at their northern margin, but some species, such as the Scotch Argus 
(Erebia aethiops), reach their southern margin. Other factors affecting species liv-
ing at the extremes of their ranges are adaptations to less than ideal climate condi-
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tions, restricted niches, longer life cycles or restriction to a narrow range of larval 
food plants. Such species are the ones most likely to show rapid adaptations to cli-
mate change, as has already been observed for the Silver-spotted Skipper (Hesper-
ia comma). During the late twentieth century this species had become very rare 
mainly because of loss of suitable habitat. It would only breed in very short turf on 
south facing slopes in the southern half of England. Not only has this species be-
come more numerous this century but it has now been found breeding on north fac-
ing slopes and in longer grass and is thus able to colonise areas which were previ-
ously unsuitable. 

Because of their quick response to climatic factors butterflies make admira-
ble indicators of climate change, especially as the Butterfly Monitoring Scheme 
(BMS), has accurate data sets going back to the 1970s and many hundreds of re-
corders submitting data every year. 

There was an average temperature increase across Europe of 0.8°C during 
the twentieth century and 63% of butterfly species moved their range northward. 
Over the past 20 years the average temperature in the Midlands region of the UK 
has increased by 1.5°C. Eleven species or 25% of those at their northern limit in 
the south of England are extending northwards. For example, data from the Butter-
fly Conservation National Garden Butterfly Survey shows that the percentage of 
gardens visited by Brimstone (Gonepteryx rhamni), Speckled Wood (Pararge 
aegeria), Comma (Polgania c-album), Gatekeeper (Pyronia tithonus) and Ringlet 
(Aphantopus hyperantus) has increased in counties from Derbyshire north to the 
Scottish border over the period 1995-2006. 

   

Speckled Wood  Brimstone  Gatekeeper  
 
Conversely two species at their southern limit, the Scotch Argus and North-

ern Brown Argus (Aricia artaxerxes) have contracted their ranges northwards by 
70-100 km, while the Mountain Ringlet (Erebia epiphron), a species at its lower 
altitudinal limit has moved 150m uphill. In the mountains of central Spain where 
there has been a temperature rise of 1.3°C during the past 30 years, 16 butterfly 
species have moved approximately 290m upwards. 
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Northern Brown 
Argus 

Data from the BMS 
show that many butterfly spe-
cies are flying earlier than in 
the 1970s and have longer 
flight periods. The average 
first annual sighting of the Or-
ange Tip (Anthocharis carda-
mines), a spring butterfly, was 
18 days earlier in 1998 than in 
1976.  

 

Mountain Ringlet 

Other unusual phenological events include the univoltine   Peacock   (Inachis 
io)   and  Purple Emperor (Apatura iris) producing two broods per year. 

Two migrant species, Red Admiral (Vanessa atalanta) and Clouded Yellow 
(Colias croceus) are now able to overwinter in Britain. The Red Admiral having 
been recorded in every month of the year for several years this century is now con-
sidered to be not migratory. For the past 2 years there have been reports of Painted 
Lady (Cynthia cardui) seen in February, indicating that this migrant may now be 
able to overwinter in Britain. Records of butterflies and moths made from 1982 to 
2005 at the Portland Bird Observatory in Dorset show that there has been a steady 
increase in the numbers of new species entering Britain. 

   
Purple Emperor Red Admiral Peacock 
 
The response of butterflies to weather conditions has been studied since 

1976. A strong connection has been found between butterfly population fluctua-
tions and weather in 28 out of 31 species. The northern range of most European 
butterflies is closely correlated with the June-July isotherm. Favourable conditions, 
that is, warm, dry weather will aid the expansion of populations into suitable habi-
tat where new colonies may be set up. Although global warming facilitates expan-
sion, this can only happen if suitable new habitat is available. Warren et al. found 
that of the 46 species of butterfly that approach their northern climatic range mar-
gin in Britain only a quarter increased their population abundance by moving into 
new suitable habitat. Unfortunately for many species such habitat is at best frag-
mented and at worse no longer available. For species able to fly long distances (the 
generalists) this is not such a problem but for those unable to move far (the special-
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ists) the lack of suitable habitat within range can lead to reduced genetic diversity 
and an inability to adapt which will eventually lead to the extinction of the colony. 

It may not be just an increase in population that causes a species to move, 
climate change also affects the survival of larval food plants through drought or 
flood so that females are forced to fly further a field to lay their eggs. For the gen-
eralists this will be less of a problem than for the specialists, who may be unable to 
find suitable larval food plants within their restricted flight range. In order to com-
bat the effects of climate change butterflies may also need to increase their range of 
larval food plants, as has been observed for the Comma (Polygonia c-album), 
which has expanded its range in Britain in recent years. 

 

Comma 

There are indications that some butterfly 
species are already adapting to climate change in 
a positive way. Such short-lived animals would be 
expected to adapt quickly and their success or 
otherwise is a good indicator of the effects such 
changes will have on other animals and plants. 
From research so far it would seem that the gener-
alists will thrive but that the specialists will not. 
For the specialists the unavailability or fragmenta-
tion of suitable habitat overrides any benefits due 
to climate change. 

 
1. Global warming and rainforests felling are the aspects of climate change 

most relevant to butterflies. 
2. Most British butterfly species reach the limit of their range due to climate. 
3. The mismatch between decadal climatic trends and yearly migrant fluctua-

tions is nearly impossible to interpret without considerable analysis. 
4. In the 20th century some butterfly species became very rare mainly because 

of loss of suitable habitat. 
5. Silver-spotted Skipper has now been found breeding on north facing 

slopes and in longer grass and is thus able to colonise areas which were previously 
unsuitable due to the risen ambient temperature. 

6. Typically, a species' range shifted several hundred kilometers with each 
1°C change in mean annual temperature, moving poleward and upward in eleva-
tion during warming trends. 

7. Butterfly Conservation National Garden Butterfly Survey was only carried 
out in the late 20th century. 

8. Many butterfly species nowadays are flying earlier than in the 1970s and 
have longer flight periods. 

9. For specialist species it is not a problem to move long distances to find a 
new habitat.  

10. Unfortunately, none of butterfly species are able to adapt to climate 
change in a positive way. 
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11. For the bulk of wild species that are sedentary, range changes stem not 

from changes in the pattern of individual movement's, but from the much slower 
process of population extinctions and colonizations. 

11. Complete the following sentences. Your answers must be related to the 
ideas contained in the text. 

1. Climate change affects butterflies’ rate of development, physiology, be-
haviour, ecology and reproductive success because… 

2. The factors affecting species living at the extremes of their ranges 
are………… 

3. In Europe more than a half of butterfly species moved their range north-
ward because….. 

4. Vanessa atalanta is now considered to be not migratory because…. 
5. Global warming facilitates species expansion northwards although this can 

only happen if… 
6. Unfortunately many species can not colonise a new habitat because… 
7. For the generalists finding a suitable habitat is less of a problem than for 

the specialists because… 

12. Additional reading. Read the article “Butterflies as Bioindicators for 
Climate Change Effects” (appendix 1). Compare the ideas contained in it with 
the information you’ve already got. 

Speaking practice 

13.  Discuss with your partner the following sentences and choose the correct 
information by guessing. Use the phrases of agreement/disagreement.  If required 
consult Appendix 2 
agreement disagreement 

I agree with you 100 percent. 
I couldn't agree with you more. 
 (slang) Tell me about it! 
You're absolutely right. 
No doubt about it. 
 (weak) I suppose so./I guess so. 

I don't think so. 
(strong) No way. 
I'm afraid I disagree. 
(strong) I'd say the exact oppo-

site. 
Not necessarily. 
No, I'm not so sure about that. 

 
1. One of the most common greenhouse gases is sulpher/carbon dioxide. 
2. A rise in greenhouse gases causes the Earth to retain/return more heat and 

this has a big impact on local and regional climates.  
3. Lately winters have become cooler/warmer, and springs start earlier/later. 
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4. The second type of response to climate change is the changes in the distri-

bution/abundance of plants and animals.  
5. As gradually North America warms, a lot of species are going to move to-

wards Canada/Mexico. 
6. The butterfly she studies doesn’t move very much as an individual/as the 

whole species. 
7. As a response to the 1° F temperature rise this butterfly is slowly shifting 

their habitat to more northerly/southerly and more lower/higher elevation areas. 
8. She went around to museums/libraries to see where people had recorded 

finding these butterflies in the beginning of the 20th century. 

14. Watch the video “Global Warming: Impacts on Wildlife and Society” 
(0:00 -4:20) and check your work. 

15. In pairs discuss the following statements. Do you consider them true or 
false, prove your choice, then watch the video (0:00 - 4:20) once again and check 
your answers. 

1. “Global warming” means that most places in the world are getting hotter.  
2. Spring is about 2 weeks earlier now than it was 30 or 40 years ago.   
3. She chose to work on the species of butterfly that lives only in the western 

USA but never occurs in Mexico or Canada.   
4. She found some species that gone extinct in early 1900.   
5. She spent approximately 5 years going around to as many sites as she 

could documenting whether or not the butterfly population was still there.   
6. Her ideas that the whole species are affected by recent global warming had 

a big impact on the scientific community.   

16.  Watch the second part of the video. Discuss with your partner the fol-
lowing topics. If required consult Appendix 2 

1. Organisations Camille Parmesan participates in. 
2. The aim of IPCC. 
3. Problems the IECN focused on. 
4. It the end of her interview Camille Parmesan says that we must “not just 

… kind of… wave your hands…” What does she mean? 

17. Watch the video “Adaptation of Butterflies -- Changing Planet” care-
fully trying to get as much as possible. Write out the key ideas. Watch again 
making the plan for retelling.  

18. Speak on how the climate change affects the butterfly populations us-
ing ideas from the texts (ex.10, 12 and 13) and the videos (ex.12 and 15) 
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19. Render the article in 5-7 sentences using Appendix 2. 

Poleward Shifts in Geographical Ranges of Butterfly Species Associated 
with Regional Warming 

Camille Parmesan, Jane K. Hill, Chris D. Thomas 

National Center for Ecological Analysis and Synthesis, Santa Barbara, Cali-
fornia, USA 

Environmental Research Centre, Department of Biological Sciences, Univer-
sity of Durham, UK 

Centre for Biodiversity and Conservation, School of Biology, University of 
Leeds, UK 

Mean global temperatures have risen this century, and further warming is 
predicted to continue for the next 50–100 years. 

Some migratory species can respond rapidly to yearly climate variation by al-
tering the timing or destination of migration, but most wildlife is sedentary and so 
is incapable of such a rapid response. For these species, responses to the warming 
trend should be slower, reflected in poleward shifts of the range. Such changes in 
distribution would occur at the level of the population, stemming not from changes 
in the pattern of individuals’ movements, but from changes in the ratios of extinc-
tions to colonizations at the northern and southern boundaries of the range. A 
northward range shift therefore occurs when there is net extinction at the southern 
boundary or net colonization at the northern boundary. However, previous evi-
dence has been limited to a single species or to only a portion of the species’ range. 
Here we provide the first large-scale evidence of poleward shifts in entire species’ 
ranges. In a sample of 35 non-migratory European butterflies, 63% have ranges 
that have shifted to the north by 35–240km during this century, and only 3% have 
shifted to the south. 

We analysed distributional changes broadly spread over the past century for 
non-migratory species of butterfly whose northern boundaries were in northern Eu-
rope and whose southern boundaries were in southern Europe or northern Africa.  

The northern boundary analysis used data for 52 species, of which the north-
ern boundaries have extended northwards in the past 30–100 years for 65%, been 
stable for 34%, and retracted southwards for 2%. The southern boundary analysis 
used data for 40 species, of which the southern boundaries have retracted north-
wards in the past 30–100 years for 22%, remained stable for 72%, and extended 
southwards for 5%. The proportion of stable boundaries is significantly higher 
along southern than along northern boundaries. This could be because southern 
boundaries may be determined by factors other than temperature, such as moisture, 
or by non-climatic factors, such as competition. Alternatively, the difference may 
be because southern study regions are more mountainous, and populations may 
have shifted elevation or slope aspect, rather than latitude. 
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The whole-range analysis included 35 species with data at both northern and 

southern boundaries, of which 63% shifted northwards, 29% were stable at both 
boundaries, 6% shifted southwards, and 3% extended at both boundaries. These 
patterns do not exhibit any obvious phylogenetic component. All four families or 
subfamilies that are represented in the analysis by at least three species include 
both shifting and non-shifting species. 

Nearly all northward shifts involved extensions at the northern boundary with 
the southern boundary remaining stable (about two-thirds of 22 species), or retract-
ing northwards (about one-third of 22 species). Thus, most species effectively ex-
panded the size of their range when shifting northwards. The remaining species 
shifted their entire distribution northwards, more or less without altering the range 
size. The magnitudes of these range shifts (35–240 km along a single boundary) 
are on the order* of 5–50 times the colonization distances achieved by comparable 
butterflies in single colonization events. 

Nearly all population-dynamic studies have concluded that butterflies, and 
insects in general, are sensitive to temperature. 

The summed knowledge of butterfly biology, including numerous experi-
mental studies, implies that the northward shifts represent responses to increased 
temperatures. If this is correct, it has implications for climate-sensitive organisms 
with similar population structures characterized by discrete populations and limited 
dispersal, such as many beetles, grasshoppers, rodents and frogs. 

Our data indicate that future climate warming could become a major force in 
shifting species’ distributions. But it remains to be seen how many species will be 
able to extend their northern range margins substantially across the highly frag-
mented landscapes of northern Europe. This could prove difficult for all but the 
most efficient colonizers.  

Writing practice 

20. Carry out a short scientific research. Find out what other insects are 
used as biomonitors. 

21. Analyse all the information you have obtained from the unit, summa-
rise it and prepare the presentation on the topic “Butterflies as bioindicators”. 
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UNIT FOUR 

Using Macroinvertebrates as Indicators of Ecosystem Health 
and Water Quality 

1. Look through the following quotations and try to outline the problems to 
be discussed. 

The Maine DEP's Biological Monitoring Program assesses the health of riv-
ers, streams, and wetlands by evaluating the composition of resident aquatic ben-
thic macroinvertebrate. The Biological Monitoring Program can tell how healthy 
the waterbody is based on the amount and types of aquatic macroinvertebrates liv-
ing in a waterbody.  

Local high school seniors pulled on their waders last week to assess the ma-
croinvertebrate levels of the Paint Creek River at Children's Park in downtown 
Lake Orion, the website of Lake Orion High School reports on April 09, 2014. 

According to Aurora Advocate website the Division of Watercraft's Scenic 
Rivers Program staff trains interested volunteers to take part in the Stream Quality 
Monitoring Project, evaluating the river's water quality by sampling the macroin-
vertebrates (aquatic insects, crayfish and other organisms without a backbone) that 
live in the stream. 

Vocabulary practice 

2. Study the following words. 
1 vertebrates позвоночные 12 offspring отпрыск, потомок 
2 Stream-

bottom or 
benthic 

придонные 13 stream ручей, река, поток 

3 freshwater  пресновод-
ный 

14 juvenile зд. юная особь 

4  substrate 
 

подложка 15 absorption  всасывание, впитывание, 
поглощение  

5 conventiona
l 

общеприня-
тый, тради-
ционный 

16 adsorption процесс концентрирова-
ния  вещества на поверхно-
сти 

6 brood выводок 17 ubiquitous встречающийся повсюду 
7 degradation ухудшение, 

вырождение 
18 life span продолжительность жизни 

8 density  плотность 19 periphyton перифитон*, обрастатели 
9 water flow поток; тече-

ние 
20 eutrophicatio

n 
загрязнение водоемов во-
дорослями; эвтрофикация. 
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1
0 

perennial круглогодич-
ный 

21 acidification подкисление, окисление 

1
1 

sediment осадок, отло-
жения 

22 mature  зрелый, развитой, взрослый 

* periphyton - перифитон — сообщество организмов, населяющих живые и неживые 
субстраты под водой 

Сравните с “epiphyte” -  эпифит — какое-либо растение, которое непа-
разитически произрастает на другом растении. 

3. Can you form the opposites of each of the following words just adding 
the appropriate prefix? What such prefixes do you know? Give the examples of 
word pairs: e.g. dependent-independent. 

mature vertebrate decline conventional ubiquitous tolerant healthy extinction sensitive 

4. Can you recognize what parts of speech the following words belong to 
just looking at the suffixes? Find one “odd out” and explain why. 

natural 
brackish 
absence 

hardness 
presence 
growth 

composition 
population 
alkalinity 

abundance 
diversity 
behavioural 

evenness 
condition 
maternal 

directly 
ecological 
reproductive 

adsorption  
organic 
treatment 

richness 
existence 
survival 

5. Match the terms with their definitions. 
 1 alkalinity a any mainly aquatic invertebrate usually having a seg-

mented body and chitinous exoskeleton 
2 to reveal b the act of pairing a male and female for reproductive 

purposes 
3 a drift c an animal that feeds on small particles of organic mat-

ter that have settled on the bottom of a waterbody.  
4 a riffle d the feeding relationships by which energy and nutrients 

are transferred from one species to another. 
5 a crustacean 

 
e the precipitation that runs directly off the land surface 

to stream or body of standing water. 
6 a deposit-

feeder 
f a type of scientific experiment which is typically con-

ducted to measure the effects of a substance on a 
living organism 

7 an ebb g water quality having a pH level higher than 7 
8 a flood h moving by water flow 
9 maternal i a plant, especially of a water body, which is large 

enough to be seen without a microscope 
10 an estuary j flowing back of the tide 
11 sex ratio k relating to a mother 
12 a food web l a rocky or shallow part of a stream or river with rough 

water. 
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13 surface water 
runoff 

m relation between the number of males to females 

14 mating n place where the river current meets the sea tide (as in 
the mouth of a river) 

15 a bioassay o show, exhibit, display; expose, disclose, make public 
16  a macrophyte p the rising of a body of water and its overflowing onto 

normally dry land 

6. Study the terms. Use them instead of the underlined words or phrases. 
a. precopulatory e. to breed i. juveniles l. adults 
b. robust against f. littoral zone j. acidification m. brood 
c. brood pouch or marsupium g. offspring k. lotic n. brood 
d. in vitro tests h. brackish   

 
1. Benthic species, which are of ecological importance, that live in the 1. re-

gion of the shore of a lake or sea or ocean which enable easy sampling, distributed 
over the whole region of interest, can be bioindicators. 

2. At freshwater sites in the River Hunte, the length distribution of crusta-
ceans shows distinct seasonal fluctuations, with small 2. young individuals appear-
ing in late spring (April-May) and larger 3. mature individuals appearing in winter 
(December-February). 

3. The size of 4. the group of young and mass 5. of the group of young were 
independent of spring pH and ionic content, but correlated with maternal body size. 

4. Females carrying juveniles in the 6. structure of a female crustacean, 
where embryos develop were abundant in December and in March-April. 

5. Although pairs 7. before mating were frequently observed in winter, no 
mature females carrying juveniles in the brood pouch occurred at all, and the abun-
dance of the population at these sites approached zero between February and 
March. 

6. Only G. fossarum is able 8. to reproduce in winter-cold streams, with de-
velopment times of more than 3 months (at <10 °C). 

7. Drift is a special active behavioural response of 9. living in moving water 
animals to environmental stress.  

8. G. pulex is more 10. resistant to pollution, low oxygen and low pH.  
9. Asellus aquaticus also exhibits an indirect adaptation of life history strate-

gies, what is demonstrated by less investment in reproduction, producing fewer, 
but larger 11. children at the polluted site of a stream.  

10. Tolerance to 12. decreased pH probably varies seasonally and the sum-
mer months are the most sensitive ones.  

11. Bioaccumulation of As, Cd, Cu, Pb and Zn was investigated in two 
groups of the crustaceans 

Hyalella azteca. One control group was exposed for 28 days 13. under labor-
atory conditions to sediments collected from a depositional area of a river. 
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12 An analysis of water movements during ebb and tide revealed that it 

might well be possible for juveniles (released in the 14. slightly salty water region 
of the estuary) to move upwards and reach the freshwater sites of the River Hunte. 

7. Complete the sentences with the most suitable word.  
1. Researchers ………………… the population characteristics of Gammarus 

pulex in five English streams during 1992. 
invested invited  investigated  invented 
2. ……………. of alien species may be caused by different tolerance to envi-

ronmental pollution. 
inventor  invasion inversion     invention 
3. G. pulex sometimes may be affected by the environmental 

……………….. in an area. 
constricts  constraints  constructs  contacts 
4. Another group of organisms was collected from riffles and their metal ac-

cumulation under field conditions was ………………... 
measurer measured measures   measurements 
5. Although the patterns of ………………. metals were similar in the two 

groups, metal concentrations were 50-75% lower in organisms from the control 
group, exposed in laboratory experiments. 

accommodated   assimilated   accumulated   assassinated 
6. Differences in sensitivity between populations of different sites were re-

ported and the authors ……………… that animals originating from a polluted site 
might have developed a greater metal tolerance. 

correlated  cooperated  contributed  concluded 

8. Translate the given words and phrases. Complete the sentences using 
them. 
a. temperature e. surface water 

runoff 
i. food m. marine, terrestrial and 

freshwater 
b. reproductive 
period 

f. benthic species     j. 
elimination 

  

c. egg survival g. oxygen content k. sex ratio  
d. lack of oxygen h. population 

density 
l. substrate  

 
1. One reason for using crustaceans as bioindicators is that they are a very 

successful group of animals, distributed in a number of different habitats including 
1. ………… environments. 

2. Bioindicators of water quality should be 2. ……………, distributed over 
the whole region of interest, and should be of ecological importance. 

3. The micro-distribution of various crustacean species depends on particular 
ecological preferences, such as habitat structure (including water flow, 3. 
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…………….and 4. ………. ) as well as differences in physiological tolerance to 
5.………………. ,6.  ……………. and water quality. 

4. Significant differences between populations of different streams involve 
population density, individual size and 7. ………. 

5. Toxic effects can result in the 8. ………………of local species, and inva-
sive species which are probably more resistant to pollution may fill the empty eco-
logical niches. 

6. After considering the ecological preferences of the particular species with 
respect to temperature, water flow rate, food and geological conditions, the 9. 
…………………mainly caused by organic pollution and low pH were recognized 
as the most important factors which determine the distribution of these crustacean 
species. 

7. G. fossarum has a wider optimal temperature range for 10. 
………………..and reproductive success. 

8. The 11. ……………………of G. fossarum extends from December to 
September, and that of G. roeseli from March to September. 

9. It was suggested that the 12. ………………………..is possibly more a 
function of food availability than of direct physiological effects of alkalinity and 
hardness of water on the crustaceans. 

10. Gammarus pulex is used as an indicator of pesticide stress related to 13. 
………………… in small rural rivers. 

9. Complete the sentences using words in bold. Use two to five words. 
1. Compared to the upstream reference site, scope for growth was reduced at 

all sites in the direction of a stream's current from the pollution source. 
decreased    Scope for growth, in comparison to the upstream location, was 

………………….. ……………………from the pollution source. 
2. Researchers found out two ways of significant reducing the feeding rate of 

crustaceans: by long exposure to low concentrations of lindane (a pesticide) and by 
short exposure to its high concentrations. 
significantly  It was found out that the feeding rate was 

………………………….by long exposure to low concentrations 
of lindane or by short exposure to high concentrations. 

3. Differences in sensitivity between populations of different sites were re-
ported and the authors concluded that animals originating from a polluted site have 
been developing a greater metal tolerance. 
stemming  Populations of various sites showed differences in sensitivity and it 

was assumed that a greater metal tolerance have been  
………………………. from a polluted site.  
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4. G. pulex is capable of recolonising the site within some days or weeks. 
again  G. pulex is …………………………………. the site within some 

days or weeks. 
5. It was concluded that long-term monitoring of contaminated rivers should 

not only rely on short-term sediment bioassays, but should also include the evalua-
tion of long-term bioaccumulation in the field 
consideration It was inferred that long-term monitoring of contaminated rivers 

should not …………………………………. short-term sediment 
bioassays, but should also pay attention to the evaluation of long-
term bioaccumulation in the field 

6. Either aqueous-phase or the sediment can be an important source of con-
taminants for organisms in natural systems. 
both       ……………………………. and the sediment can be an important 

source of contaminants for organisms in natural systems.  

10. Translate the sentences into English. 
1. Многие биоиндикаторы качества воды представлены насекомыми, 

находящимися в личиночной стадии. 
2. Очень хороши для тестирования организмы бентоса -  беспозвоноч-

ные животные,  которые живут на дне водоемов. 
3. Их легко собирать,  многие из них достаточно крупны и хорошо раз-

личимы даже без увеличительных приборов. 
4. Для изучения рек и ручьев большое значение имеют перифитонные 

организмы, которые дают картину общего состояния воды за достаточно 
длительный промежуток времени, предшествующий исследованию. 

5. Распространение различных видов ракообразных зависит от индиви-
дуальных экологических предпочтений, таких как структура мест обитания, 
различия в физиологической толерантности к содержанию кислорода, темпе-
ратуре и качеству воды, а так же наличие или отсутствие хищников. 

6. О чистоте водоемов можно судить по видовому разнообразию беспо-
звоночных животных.  

7. Если в воде много чувствительных к загрязнению организмов и они 
разнообразны - речка здорова, и -  наоборот,  присутствие большого числа 
толерантных организмов свидетельствует о неблагоприятной экологической 
обстановке. 

8. Основными      источниками     загрязнения   водоемов     являются 
хозяйственно-бытовые (муниципальные), промышленные и сельскохозяй-
ственные стоки. 

9. Если мы хотим получить представление об общем состоянии реки, 
следует обращать внимание на видовое разнообразие в местах с быстрым те-
чением.  
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10. Если же нас интересуют разовые или местные загрязнения необхо-

димо исследовать обитателей дна в местах со слабым течением. 

Reading practice 

11. Read the text. Divide it into 4 paragraphs. Choose the most suitable 
heading from list 1-5 for each paragraph. There is one extra heading you don’t 
need to use.  

1. Benthic invertebrates differ in their sensitivity to water pollution. 
2. Benthic invertebrates provide information about the quality of a stream 

over long periods of time. 
3. Benthic species are an important part of the community of life found in 

and around a stream.  
4. Stream-bottom macroinvertebrates are relatively easy to identify. 
5. Stream-bottom macroinvertebrates are relatively easy to collect. 

Why Study the Stream-Bottom Macroinvertebrates? 

Stream-bottom macroinvertebrates 
are a link in the aquatic food chain. In most 
streams, the energy stored by plants is 
available to animal life either in the form of 
leaves that fall in the water or in the form of 
algae that grows on the stream bottom. The 
algae and leaves are eaten by macroinver-
tebrates. The macroinvertebrates are a 
source of energy for larger animals such as 
fish, which in turn, are a source of energy 

for birds, raccoons, waters snakes, and even fishermen. Some stream-bottom ma-
croinvertebrates cannot survive in polluted water. Others can survive or even thrive 
in polluted water. In a healthy  stream, the stream-bottom  community  will  in-
clude  a variety of pollution-sensitive macroinvertebrates.In an unhealthy stream, 
there may be only a few types of nonsensitve macroinvertebrates present. It may be 
difficult to identify stream pollution with water analysis, which can only provide 
information for the time of sampling. Even the presence of fish may not provide 
information about a pollution problem because fish can move away to avoid pol-
luted water and then return when conditions improve. However, most stream-
bottom macroinvertebrates cannot move to avoid pollution. A macroinvertebrate 
sample may thus provide information about pollution that is not present at the time 
of sample collection. Useful stream-bottom macroinvertebrate data are easy to col-
lect without expensive equipment. The data obtained by macroinvertebrate sam-
pling can serve to indicate the need for additional data collection, possibly includ-
ing water analysis and fish sampling. 
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12. Read the article. Mark the statements below the text as true, false or 
doesn’t say (the article says nothing about it) 

Benthic Macroinvertebrate Communities:  
An Indicator of Ecosystem Health and Water Quality in Lake Saint-Pierre 

Water quality is often assessed using conventional methods that measure a 
series of physical and chemical parameters which are then compared to proven 
quality criteria or standards. The traditional approach can be beneficially comple-
mented by biological monitoring, which involves using living organisms such as 
microorganisms, plants or animals to measure the effects of water pollution. For 
instance, biological monitoring takes into consideration the combined effects of 
chemicals, the effect of contamination peaks as well as the impact of ecological 
disturbances such as eutrophication, the presence of exotic species or habitat deg-
radation. 

Measurement methods based on biological assessment use living organisms 
to provide an overview of environmental conditions and stresses. Various groups 
of species have been used in such assessments, although benthic macroinverte-
brates continue to be among the most useful. Visible to the naked eye, benthic in-
vertebrates are small animals with no backbone that live on the bottom of lakes and 
rivers. They include organisms such as shrimp, worms, crayfish, aquatic snails, 
mussels and the aquatic larval stage of various insects such as libelluids (dragon-
flies), ephemeropterans (mayflies), trichopterans (caddisflies) and dipterans (mos-
quitoes, black flies), which are sensitive to changes in water and aquatic ecosystem 
quality.  

    
a shrimp  mussels      a dragonfly larva            a caddisfly larva 

 
There are several advantages of using benthic invertebrates as bioindicators. 

First, they are sedentary organisms that are continuously exposed to the effects of 
pollution. They have a relatively long life cycle (one to three years in the water of 
temperate regions of the Northern Hemisphere), which makes it possible to take 
account of environmental stressors and their cumulative impacts over time. In addi-
tion, benthic invertebrates are made up of a highly diversified group of organisms, 
thus offering a window into how different species react and respond to different 
types of perturbations. Macroinvertebrates are also found in the vast majority of 
aquatic ecosystems in Canada and occupy an important role in food webs, where 
they play an essential ecological role. Lastly, macroinvertebrates are commonly 
used in many countries, making it possible to transpose and adapt experimental 
protocols tested in the Canadian context. 
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Macroinvertebrates have been used to assess water quality since the begin-

ning of the second half of the 20th century. The studies involved observing the ef-
fect of organic pollution on the proliferation or decline of indicator species such as 
freshwater shrimp (gammarids) or snails. This approach was subsequently refined 
in order to more effectively consider macroinvertebrate communities by observing 
the number of species (diversity) and the species present (composition), and then 
comparing disturbed sites (test sites) with reference sites, which have experienced 
little or no disturbance from human activity, in order to establish biological as-
sessment criteria. 

1. Biomonitoring is a conventional method of water quality assessment. 
2. Biomonitoring involves using living organisms such as microorganisms, 

plants or animals to measure the effects of water pollution. 
3. Eutrophication is the process by which a water body becomes enriched in 

dissolved nutrients (as phosphates) that stimulate the growth of aquatic plant life 
usually resulting in the depletion of dissolved oxygen. 

4. Water quality measurement methods based on biological assessment most-
ly use benthic macroinvertebrates. 

5. Macroinvertebrates including the aquatic larval stage of various insects are 
studied mostly in the riffles. 

6. Benthic invertebrates are migratory organisms that are continuously ex-
posed to the effects of pollution. 

7. Macroinvertebrates that are found in the vast majority of aquatic ecosys-
tems in Canada are shrimp, worms, crayfish, aquatic snails, mussels, mosquitoes, 
caddisflies and dragonflies. 

8. Unfortunately, the studies of macroinvertebrates as bioindicators are con-
ducted only in aquatic ecosystems in Canada.  

9. In order to establish biological assessment criteria the researchers observe 
only species diversity and composition. 

13.  You are going to read the article about macroinvertebrate indicators. 
Six sentences have been removed from it. Choose from the sentences A-G the 
one which fits each gap (1-6). There’s one extra sentence you do not need to use. 
Pay attention to the linking words.  

A. Consequently, bioindication is fundamentally different from classic 
measures of environmental quality and offers numerous advantages. 

B. Finally, the overall objective of bioindicators is to use a single species or 
group of species to assess the environment and how it changes over time; yet, this 
can be a large oversimplification of a complex system. 

C. From a management perspective, bioindicators inform our actions as to 
what is biologically sustainable and what is not. 

D. Furthermore, bioindicators are able to capture indirect biotic effects of 
pollutants, while many physical or chemical measurements cannot. 
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E. In addition to their tremendous biodiversity, macroinvertebrates play criti-

cal roles in stream and river ecosystems. 
F. This taxonomic and functional diversity can capture the myriad of re-

sponses to different stressors and disturbances. 
G. Yet, bioindicators are not without faults. 

Bioindicators: Using aquatic macroinvertebrates to assess the status 
and trend of stream and riparian ecosystems. 

by Scott Miller, BLM/ USU National Aquatic Monitoring Center 
Volume 22, Number 2, Spring/Summer 2011 

http://coloradoriparian.org/bioindicators-macroinvertebrates-assess-stream-health/ 
 
Aquatic macroinvertebrates are animals that do not have a backbone, can be 

seen with the naked eye and spend at least part of their lives in water. In general, 
members of the taxonomic class Insecta in their larval stage comprise the over-
whelming diversity of aquatic macroinvertebrates in North America, which is con-
servatively estimated at approximately 11,000 unique species. [1]  

Aquatic macroinvertebrates are preferred over other freshwater organisms as 
bioindicators because they possess many of the hallmark traits of good bioindica-
tors. Specifically, they:  

1. Are relatively long-lived and thus integrate conditions through time and 
space; 

2. Are ubiquitously found in perennial stream systems;  
3. Exhibit a variety of life history strategies (e.g., mode of respiration, repro-

ductive output, feeding strategies)  
4. Can be sampled and identified in an efficient and cost-effective manner.  
Whereas regulators traditionally conducted chemical assays and directly 

measured physical parameters of stream systems (e.g., thermal regime, salinity, nu-
trients), bioindication uses macroinvertebrates, periphyton or fishes to assess the 
cumulative impacts of both chemical pollutants and habitat alterations over time. 
[2] First, bioindicators add a temporal component corresponding to the life span or 
residence time of an organism in a particular system (~ 1 year for many macroin-
vertebrates), allowing the integration of current, past or future environmental con-
ditions. In contrast, many chemical and physical measurements only characterize 
conditions at the time of sampling, increasing the probability of missing sporadic 
pulses of pollutants. [3] Clearly, a pipe dumping phosphorus-rich sewage into a 
lake will adversely impact the ecosystem. Intuitively, we may guess that excess 
phosphorus directly increases growth and reproduction of some species. Chemical 
measurements, however, may not accurately reflect a reduction in species diversity 
or how growth and reproduction of other species may decline due to competitive 
interactions. 
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There are numerous benefits of using aquatic macroinvertebrate as bioindica-

tors of freshwater biological integrity. [4] Like the canaries in the coal mine, we re-
ly upon the sensitivity of some bioindicators to function as early-warning signals. 
In some instances, we cannot discriminate natural variability from human impacts; 
thus, limiting bioindicators’ applicability in heterogeneous environments. Accord-
ingly, populations of indicator species may be influenced by factors other than the 
disturbance or stress (e.g., disease, parasitism, competition, predation), complicat-
ing our picture of the causal mechanisms for change. [5] Consequently, practition-
ers should not view chemical, physical and biological monitoring as mutually ex-
clusive, but as complementary and necessary for accurate stressor identification. 

Like all management tools, we must be conscious of its defects; however, the 
limitations of bioindication are clearly overshadowed by their benefits. From an 
investigative perspective, bioindicators are a culmination of all ecological 
knowledge from cells to ecosystems. They bring together information from the 
biological, physical and chemical components of our world that manifest as chang-
es in individual fitness, population density, community composition and ecosystem 
processes. [6] Without the moss in the tundra, the cutthroat trout* in the mountain 
stream and the canary in the coal mine, we may not recognize the impact of our 
disturbances, before it is too late. 

cutthroat trout* - вид форель  

14. Look through the text once again. Complete the sentences below. Your 
answers must be related to the ideas contained in the text. 

1. Aquatic macroinvertebrates are animals that……… 
2. Insects in their larval stage comprise……………. 
3. Aquatic macroinvertebrates are preferred over other freshwater organisms 

as bioindicators because…….. 
4. Identifying characteristics of good bioindicators which macroinvertebrates 

possess are……. 
5. Bioindication uses macroinvertebrates to assess the cumulative impacts 

of……….. 
6. Bioindicators add a temporal component to water assessment while many 

chemical and physical measurements only characterize…. 
7. There are a number of drawbacks of using aquatic macroinvertebrates as 

bioindicators of freshwater quality. They are……… 
8. Bioindicators are a culmination of all ecological knowledge from cells to 

ecosystems because…… 
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15. Additional reading. Read the article “Crustaceans as Bioindicators” 
(appendix 1). Compare the ideas contained in it with the information you’ve al-
ready got. 

Speaking practice 

16. Watch the whole video “Biotic Index: Macroinvertebrates” to get the 
general idea of it. 

Mind the words. 
1 a riffle 

 
порог (в реке), стрем-
нина 

11 hip boots 
(waders) 

очень высокие бо-
лотные сапоги  

2 rocky shallow 
water 

каменистый мелко-
водный поток 

12 a D-frame 
net 
 

сачок в форме бук-
вы D 

3 a shelter убежище, укрытие 13 a baster пробирка с резино-
вой грушей 

4 a sloping 
sandy bank 

покатый песчаный бе-
рег 

14 a beaker 
 

мензурка, лабора-
торный стакан 

5 an undercut 
bank 

подмытый берег 15 to jab толкать, тыкать, 
пихать 

6 a snag сучок, коряга, пенек 16 to dislodge выгонять, удалять 
7 a log бревно 17 to scoop up сгребать, вычерпы-

вать 
8 a magnifying 

loupe (glass) 
лупа, увеличительное 
стекло 

18 to kick  
 

ударять ногой, пи-
нать 

9 tweezers пинцет 19 to shuffle  шаркать; переме-
шивать 

10 a tray поддон, поднос 20 to scrape скрести, обдирать 

17. Discuss with your partner the following sentences and choose from the 
underlined words or phrases those which you think make sense. Use the phrases 
below. If required consult Appendix 2 
personal opinion  agreement disagreement 
If you ask me... 
The way I see it... 
If you want my honest 
opinion.... 
I am 
sure/certain/convinced 
that... 

I’m of your opinion. 
That sounds logical to 
me.  
 I’m convinced that ... 
You have a point 
there. 

I don’t quite agree...  
As far as I can see it is not 
right ...  
You have to admit that ... 
It is not very likely ... 
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1. There are a variety of habitats within streams that provide food and offer 

shelter and attachment sites for macroinvertebrates: riffles/ rocky shallow water/ 
reefs/ sloping sandy banks/ undercut banks/ leaf packs/ snags/ tree roots/ rocks/ 
macrophyte beds/ logs. 

2. Keep in mind that you should attempt to sample: 
• from a minimum of one/two/three habitat(s) to ensure accurate site as-

sessment; 
• from habitats with the most/least diversity first. 
3. To monitor the biotic index, you need several pieces of equipment: a re-

cording form/hip boots/ a D-frame net/ Wellingtons/ a pen/ a spoon/ a magnifying 
glass/scissors/ a brush/ a tray/ a white ice cube tray a beaker/ white dish pan. 

18. Watch the video from 1:16 to 3:27 and check your choice.  

19. In pairs summarize the given information. Feel free to add details to 
your partner’s report. 

20. Split into 3 groups. Each group should fill the gaps with the suitable 
words or phrases in one of the following texts. Watch the video from 3:27 to 6:31 
to see whether you right or wrong.  
a. upstream c. two 

minutes 
e. pour the 
contents 

g. D-frame 
net 

i. kick the 
bottom 

b. riffle 
sampling 

d. rub 
rocks 

f. 
macroinvertebrates 

h. dish pan j. biotic index 
sample 

 
A complete 1. ……………consists of three subsamples collected from dif-

ferent habitats in the stream. The tricky part is that when you collect in a riffle, you 
need to collect at both the downstream and 2. ………ends of the riffle and com-
bine those samples together to make one subsample. 

When you’re collecting from a riffle, you want to approach from the down-
stream end and move upstream placing your 3. ………..on the bottom of the 
stream. Then, moving to the upstream side of the net, begin to 
4. ………………….of the stream to dislodge macroinvertebrates. You can also 
5. ……… so that the macroinvertebrates are dislodged from the rocks and flow in-
to the net. You want to do this combination of kicking and/or rubbing rocks for 
6. ……………. At this point, you’ll scoop up your net, come over to the side of the 
stream and 7. …………….of the net into the 8. ………….. which has about an 
inch of water in it. You can rinse the net into the water. Then, check the net for any 
remaining 9. ……. which you can pick from the net and place into the dish pan. 
Once you’ve done this, you’ll move to the upstream end of the riffle. Replace your 
net on the bottom. Kick for two minutes once again or rub rocks. Then, pour the 
contents of the net into the dish pan. Now that we’ve done 10. ………………, 
we’re going to move onto other habitats. 
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a. vegetation c. scrape e. undercut bank g. another habitat 
b. underneath d. dislodge f. jabs  

This habitat is an example of an undercut bank. You can see a little bit about 
it by seeing the        1. ………. that’s overhanging that bank. When you’re sam-
pling in an 2. . ………….. area, you’re going to use the net a little bit differently 
than you did in the riffle. In this case, you’ll take the D-frame net and put it 3. 
…………. the undercut bank and 4. …………along the top of the undercut bank 
to 5. ………. macroinvertebrates. You’ll do twenty 6. ………..into the undercut 
bank to equal one subsample. 

After you’ve done that, you’ll take it out as before and you’ll dump the con-
tents of the D-frame net into the dish pan as you did in the riffle. Now that we’re 
done with an undercut bank, we’ll move onto 7. ………... 

a. scrape along c. dump them into e. habitats g. log   
b. jab underneath d. pour the contents f. leaves  

 
This is an example of a snag. It’s a 1. …. that’s entered the stream that’s 

providing 2. ……………..for macroinvertebrates to attach to. Like an undercut 
bank, you use your D-frame net to 3. ……………….the snag and 4. 
……………….the bottom of it to dislodge the macroinvertebrates. You’ll do 
twenty jabs to equal one subsample at a snag. Once you’ve done the twenty jabs, 
like before, you’ll take the contents of the net and 5. …………………….the dish 
pan. Let’s go check out one more habitat. 

The last habitat type we’ll look at today is how to sample from a leaf pack. 
To do this, you’ll position your net downstream from the leaf pack and dislodge 
the 6. ………….so that as many as possible flow into the net. Once you’ve done 
this, you’ll do like before – 7. .……………………of the net into your dish pan. 

21. Each group presents the information it has found. As a class summa-
rise the ideas. If required consult Appendix 2. Pay attention to how to indicate 
more information: 

• Besides - Making an additional point 
• Furthermore 
• In addition 
• Moreover 
• Likewise 
• Also 
• As well 
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22. Watch the video from 6:30 to 7:40 just to get acquainted with the con-
tent. 

23. In pairs watch the video from 7:40 to 8:25. Ask and answer the ques-
tions. 

1. What do you need a spoon or a baster for? 
2. What should you put in the different cubes of an ice tray? 
3. What should you do with the biotic index recording form? 
4. Is it important how many similar individuals you have collected? Why? 

24. In pairs. Watch the video from 8:25 to 9:10. Discuss the four reasons 
why macroinvertebrates are excellent bioindicators. Mind the phrases: 

giving reasons linking arguments 
…the reason for this is ... 
…this is due to ... 
…this is why… 
… as a result……. 

First of all, I think ... 
Another significant point is that ... 
Another aspect/point is that ... 
It is important to mention that... 

 

25. As a class. Watch the video from 9:10 to 10:50, then take the “Key to 
Macroinvertebrate Live in the River” papers and in pairs play a short game: 1 
person is keeping in mind a macroinvertebrate from the chart (as if he/she had 
caught it in the imaginary stream) and another one by asking questions is trying 
to guess which one it is. Then swap the roles. 

For example: 
• Does it have a shell?  
• No, it doesn’t! 
• Does it have legs? 
• No, it doesn’t!    

After that the whole class lists the names of guessed macroinvertebrates 
and using the Recording Form for the Citizen Monitoring Biotic Index define 
the water quality of their imaginary stream and report the results providing ex-
planations.  

! You can find the “Key to Macroinvertebrate Live in the River” and the 
Recording Form for the Citizen Monitoring Biotic Index in the Appendix 4. 

26. Render the article in 5-7 sentences using Appendix 2. 
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Clam Cleanup 
Biologists Clam up Waterways to Determine Sources of Pollution 

Science Daily 
January 1, 2009  

Many of our streams and rivers are contaminated with pollutants like pesti-
cides, lead, arsenic and PCBs. It's a problem that's costly to clean up. Scientists are 
using a new, inexpensive way to fix the problem. 

Lurking in many rivers and streams are contaminants. Some you can see, and 
some you can't. Hidden chemicals ruin waterways and everything in it. To clean 
things up, biologists are teaming up with local high school students to dredge up 
clams to use as tiny detectives. They help by finding the source of toxic leaks. 

"We're using them as pollutant traps," said Harriette Phelps, Ph.D., a biolo-
gist at the University of the District of Columbia in Washington, D.C. 

Students put the clams in streams that 
lead to rivers. Clams then suck in water 
swept down from industrial parks and high-
ways. 

"It's been a great experience to actually 
come and see them and be the ones to pick 
them up out of the water," student Caitlin 
Virta said. 

Clams clean the water as they feed, absorbing toxins in their tissues. The 
clams are collected back from streams. Then, scientists pry open the clams and de-
tach them from their shell. Later, lab tests reveals the clam's secret -- the kinds and 
quantities of pollutants in the water. 

"We can trace them back to sources, and then hopefully we can go from there 
and get rid of the sources," Dr. Phelps said. 

The clams detected a banned pesticide in Maryland, believed buried years 
ago and now slowly leaking. "I thought it was really cool how you could tell the 
health of a stream from analyzing clam leftovers," Virta said. 

It's a cool way to clean up the environment. 
Clams are filter-feeders, meaning they draw water into their shells, remove 

the food they find, and then draw in more food-rich water to continue feeding. This 
means that lots of water works its way through their shells. The muscle of the clam 
gathers not only food, but other material suspended in water during this process, 
which can lead to the accumulation of toxins and pollutants. Bioaccumulation is 
the term for toxins and pollutants that collect in the tissue of an organism. Biomag-
nification is a related term, referring to the transfer of such substances from prey to 
predator. If a prey animal bioaccumulates toxins in its body, then its predator, after 

58 

 



 
consuming many of the smaller animals will accumulate many, many times the 
amount of the toxin in any one of their prey. 

http://www.sciencedaily.com/videos/2009/0110-clam_cleanup.htm 

Writing practice 

25. Carry out a short scientific research. Find out what macroinvertebrate 
species are intrinsic to Belarus, how do they used to monitor the quality of water 
bodies.  

26. Analyse all the information you have obtained from the unit, summa-
rise it and prepare the presentation on the topic “Macroinvertebrates as bioindi-
cators” 

Or choose one of the following topics:  

“Using Benthic Invertebrates as Bioindicators” 

“How to Sample Macroinvertebrates” 

“Water Quality Monitoring Using Marine Macroinvertebrates” 
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UNIT FIVE 

Monitoring Lichens as Indicators of Air Quality 

1. Look through the following quotations and try to outline the problems to 
be discussed. 

On March 29, fourth grader Ashleigh Smith from Chesterbrook Academy 
Elementary School in Cary won the Elementary Division of the 2014 North Caro-
lina Science and Engineering Fair held at Meredith College for her project titled 
“Using Lichens as Indicators of Air Pollution.” Smith examined air pollution in 
different environments and discovered that lichens can be used to determine air 
quality. Over a period of four months, Smith discovered that environments lacking 
in lichens are more polluted, Cary Citizen website reports. 

According to Alain Belliveau, a Canadian naturalist, scientific report, lichens 
face indirect threats like rapid climate change and the presence of air pollutants 
coming from the U.S. and Ontario. Lichens, like people, are dependent on good air 
quality and they accumulate air pollutants. With too many pollutants accumulated, 
they get sick and die. 

 “Because they don't have a way to filter out pollutants, lichens are con-
sidered a good air-quality indicator. They're particularly susceptible to sulfur diox-
ide and less abundant in industrial areas,” - said Joe Walewski, director of natural-
ist training at Wolf Ridge Environmental Learning Center and author of "Lichens 
of the North Woods." 

Vocabulary practice 

2. Study the following words. 
1 a lichen лишайник 13 ambient окружающий 
2 symbiotic симбиозный 14 a specimen образец, экземпляр, 

проба 
3 fungus, 

pl. fungi 
грибок 15 to fertilize удобрять, обогащать 

почву, оплодотворять 
4 alga,  

pl.algae 
водоросль 16 mapping нанесение на карту; 

отображение 
5 crusty на́кипные 17 ecological 

integrity* 
экологическая целост-
ность 

6 leafy листоватые 18 coniferous хвойный 
7 shrubby кустистые 19 deciduous лиственный 
8 to dissolve растворять, раство-

ряться 
20 a plot участок земли, делянка 
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9 to retain удерживать, сохра-
нять 

21 a deposition отложение, осадок. 

10 vascular сосудистый, васку-
лярный 

22 to extirpate искоренять, истреблять 

11 adverse неблагоприятный, 
вредный 

23 relevant уместный, относящий-
ся к делу 

12 to 
intercept 

перехватить, за-
держивать 

24 airborne  переносимый по воз-
духу 

 
* A living system exhibits integrity if, when subjected to disturbance, it sustains and 

organizes self-correcting ability to recover toward a biomass end-state that is normal for that 
system. 

3. Do you know the pronunciation of the following words? Check your an-
swers using a dictionary. 
vascular 
unique 
heterogeneity   
epiphytes 
antibiotics 

extirpate 
vehicular 
criteria 
significant 
cyanobacterium 

deciduous 
aerosol 
assign 
symbiotic 
photosynthesis 

coniferous 
prevailing 
perturbation 
moisture 
molecules  

4. Match the terms with their definitions. 
 1 spatial a free from extremes; mild; or characteristic of such weath-

er or climate 
2 temporal b  comprising far northern regions 
3 temperate c relating to the study of the distribution of plants 
4 boreal d a plant which grows on another plant but is not a parasite 
5 vehicular e relating to, occupying, or having the character of space 
6 gaseous f outer covering of a tree 
7 floristic g the state of being diverse and not comparable in kind 
8 epiphyte h caused by or resulting from the operation of a vehicle 
9 heterogeneity i existing as or having characteristics of a gas 
10 a bark  relating to the sequence of time 

5. Complete the table with the words below.      
a.  relevant d.  number g. symbiotic   j.  nutrients  m. criteria   p. pollutants   
b.   extinction e.  integrity h.   area k.  species n.   particles q.   heterogeneity 
c.   bole f.   warning i. vehicular l.   monitoring o.   wind  
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1. maintaining ecological 
……… 
2.  ………………and 
measurable    
                                        
indicator 
3. airborne …………….. 
4. to trap airborne ……. 
5. to intercept 
……………. 

6. a tree or shrub …….. 
7. 
…………………relationship 
8. early ……………..system 
9. protected ………… 
10. extirpated 
……………… 
11. 
……………………traffic 

12. lichen 
………………plot 
13. meet the ……………. 
14. prevailing …………. 
15. habitat …………….. 
16. on the brink of 
…………… 17. to assign  
a ………..  

6. Complete the sentences with the most suitable word.  
1. Lichens ………………….. air and rain-borne nutrients, absorbing them 

for their use. 
interact   intercept   interfere   intercross   
2. Nova Scotia …………………. an ideal region to monitor impacts of pol-

lutants on ecosystems. 
proves   provides   province  provant 
3. Recently, lichens have been used in ………………… climate changes in 

Europe and the US. 
accounting   accessing    assessing  assassin   
4. Studies from a variety of areas ……………. that cyanolichens can con-

tribute significant quantities of nitrogen to forest ecosystems 
reverse   reveal   revel     revet 
5. Lichens are …………….. in their ability to be used as indicators for such a 

broad range of issues. 
unique   unit   unite    unific 
6. Boreal felt lichen, a globally rare species, has had more than a 90% 

………... in the last two decades in Nova Scotia. 
decline  declaim  declare  declaw 

7. Use the given terms instead of the underlined phrases.  
a. abundance c. distribution e. sensitive g. felling i. vascular 

plants 
b. perturbation d. plot f. moisture h. tolerate j. dissolved 

 
1. Distributions of certain lichen species are a response to a regional 1. mod-

erate degree of wetness and temperature changes. 
2. The studies have shown strong correlations of lichen 2. number of crea-

tures of a certain species found within a given area to ecosystem biodiversity and 
productivity. 

3. Mapping 3. position, arrangement or frequency of occurrence (as of the 
members of a group) over an area of climate sensitive species provides an indica-
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tion of climatic conditions, and monitoring over time reveals climate change ef-
fects.   

4. Trees and other 4. plants with specialized cells to transport water or miner-
al salts and sugars within its tissues are affected by pollution but are much slower 
to show impacts than lichens. 

5. Indicator lichens must be relevant, telling us something useful about a sys-
tem, and they must be sensitive so that they indicate 5. the act that causing disturb-
ance before significant impact occurs to the rest of the ecosystem. 

6. The method determines presence and abundance of macro-lichens on all 
standing woody plants within a 6. marked area of study. 

7. Activities such as 7. cutting down trees, local vehicular traffic, the use of 
fertilizers or pesticides can affect presence and/or abundance of lichens. 

8. A few lichen species can 8. be capable of continued exposure to toxins 
without adverse reaction quite high levels of pollution and are commonly found on 
pavements, walls and tree bark in urban areas. 

9. Lichens are 9. incapable of continued exposure to toxins without adverse 
reaction to sulphur dioxide because their efficient absorption systems result in rap-
id accumulation of sulphur. 

10. The algal partner seems to be most affected by the sulphur dioxide which 
is 10. become incorporated into a liquid so as to form a solution in water they ab-
sorb. 

8. Translate the given words and phrases. Complete the sentences using 
them. 

a. protected areas e. ecological 
integrity 

i. early warning 
indicators 

m. monitor 
impacts 

b. industrial emissions f. prevailing 
winds 

j. lichen communities n. vascular 
plants 

c. brunt of pollutants g. monitoring 
plots 

k. airborne nutrients  o. be extirpated 

d. on the brink of ex-
tinction 

h. meet the 
criteria 

l. coniferous and 
deciduous 

 

 
1. Lichens 1. ……………………… as useful indicators for assessing im-

pacts of both air pollution and climate change.  
2. Hundreds of studies have linked 2. …………………. to air quality, and 

several long-term lichen monitoring programs in Europe and the US are using li-
chens to assess climate change. 

3. The Protected Areas Branch of the Nova Scotia Department of Environ-
ment and Labour will establish a province wide network of lichen 3. 
………………… within protected areas involving partners from industry, gov-
ernment and academia.  
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4. A primary objective of most 4. ………………… is to protect natural pro-

cesses and biological diversity. 
5. Air quality and climate change are two significant issues affecting 5. 

………………….. of protected areas with which managers must deal. 
6. Nova Scotia provides an ideal region to 6.  ……………….. of pollutants 

on ecosystems. 
7. The Maritime Provinces of Canada are uniquely situated within storm 

tracks and 7. ……………. which transport 8. …………………. from central and 
eastern North America. Thus, Nova Scotia receives the 9. ……………………. 
from industrialized areas of North America. 

8. The use of lichens as 10. ……………………… of air pollution, particu-
larly acidifying or fertilizing sulfur and nitrogen-based pollutants, has been docu-
mented in hundreds of scientific papers. 

9. Lichens’ sensitivity to air quality stems from their reliance on 11. 
……………………. and water, as well as lack of protective structures such as cu-
ticles found in 12. ……………………... 

10. Boreal felt lichen, a globally rare species, is believed to 13. 
………………… from New Brunswick and 14. ………………………….. in Eu-
rope. 

11. In order to sample the minimum 16 trees, 0.031 and 0.039 ha plots are 
needed in 15.…………………..old growth forests, respectively. 

9. Complete the sentences using words in bold. Use two to five words. 
1. The concentration of pollutants in tolerant lichens surviving in contami-

nated areas is a result of accumulation of substances from rain and capture airborne 
particles. 
trap  Tolerant lichens surviving in polluted areas accumulate 

……………………………… airborne particles, thus some pollu-
tants can become concentrated in the lichens. 

2. Forest bird diversity, as some researchers have suggested, may be associ-
ated with lichen diversity. 
been It has ………………….that forest bird diversity may be associated 

with lichen diversity. 
3. Shrubby, hairy and leafy lichens become abundant only under good air 

quality conditions.  
clean  If …………………, shrubby, hairy and leafy lichens become abun-

dant. 
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4. Although the measures to reduce airborne pollutants have been taken, air 

quality problems continue to be an issue and are anticipated to be for the next 20 to 
50 years. 
despite   ……………. reducing airborne pollutants, air quality problems con-

tinue to be an issue and are anticipated to be for the next 20 to 50 
years. 

5. Lichens provide a practical way to monitor complex ecological conditions 
or they can serve as early warning mechanisms. 
either  Lichens ………………………… as early warning mechanisms or 

to monitor practically complex ecological conditions. 
6. For estimating either the air pollution or the climate change lichens can be 

useful as they satisfy the requirements for being a good indicator. 
meet  Lichens ……………………as useful indicators for assessing im-

pacts of both the air pollution and the climate change.  
7. Lichens intolerant to air pollution, such as Usnea species, are seldom 

found in urban areas, while tolerant ones, such as Parmelia and Physcia species, 
are often found abundant there. 
encountered  You can easily meet tolerant to air pollution lichen species like 

Parmelia and Physcia in urban areas, but hardly any of intolerant 
ones (e.g. Usnea species) ………………………...  

8. The cause of problems for bark-living lichens is air pollution and acid 
deposition, particularly because the tree bark has often become more acidic. 
led   Air pollution and acid deposition ……………………… for lichens 

living on a bark, particularly because the tree bark has often become 
more acidic. 

9. In some areas, although gaseous sulphur dioxide levels have fallen, the 
bark of older trees is too acidic for recolonisation, so the new growth develops on 
twigs and younger trees. 
spite  …………………………. in gaseous sulphur dioxide emissions, the 

bark of older trees is too acidic for recolonisation, so the new growth 
develops on twigs and younger trees. 

10.  Translate the following sentences into English. 
1. Является возможным соотнести разнообразие лишайников и качества 

воздуха, поскольку лишайники проявляют различные уровни терпимости 
(толерантности) к загрязнению воздуха. 

2. Путем определения наличия или отсутствия, а так же изобилия каж-
дого вида лишайников на делянке, зоны относительного разнообразия ли-
шайников, которые часто называют «индекс чистоты атмосферы» могут быть 
нанесены на карту. 

65 

 



 
3. Если воздух сильно загрязнен диоксидом серы, лишайников может и 

не иметься в наличии, а могут быть найдены только зеленые водоросли. 
4. Наиболее чувствительные лишайники это кустистые и  листоватые, в 

то время как на́кипные являются наиболее терпимыми (толерантными). 
5. Лишайники являются медленнорастущими организмами, и у них 

займет год или два, чтобы заселить заново ствол дерева или другую подлож-
ку после снижения уровня загрязнения воздуха. 

6. Новая Шотландия может обеспечить систему раннего оповещения о 
влиянии загрязняющих веществ на экосистему для всей остальной Северной 
Америки. 

7. Поскольку экосистемы являются такими сложными, краткосрочные 
исследования часто не в состоянии обнаружить долговременные тенденции, 
такие как изменения климата. 

8. Лишайники представляют значительную долю (пропорцию) биоло-
гической вариативности (разнообразия) во многих экосистемах. 

9. Исследование, проводимое в северных лесах Скандинавии, показало 
возросшее разнообразие пауков сопутствующее возросшему разнообразию 
лишайников. 

10. Лишайники также дают (предоставляют) пищу животным и жилище 
(среду обитания) беспозвоночным. 

11. Некоторые виды лишайников связывают (фиксируют) азот посред-
ством симбиотических отношений с цианобактерией. 

Reading practice 

11. Read the text. Divide it into 6 paragraphs. Choose the most suitable 
heading from list 1-7 for each paragraph. There is one extra heading you don’t 
need to use.  

Lichens 

1. Types 
2. Introduction  
3. What is a lichen? 
4. Where do they grow?  
5. Why are lichens useful? 
6. How are lichens collected? 
7. Why are lichens sensitive to air pollution?  
Lichens are such a familiar part of our landscape that often we don't even no-

tice them. But lichens deserve attention. These mysterious organisms are plants but 
not vascular. They are biologically fascinating and come in a great variety of col-
ours and sizes. Lichens also provide vital information about the health of our envi-
ronment. A lichen consists of two or more partners that live together symbiotically, 
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with both of them benefiting from the alliance. One partner is a fungus. The other 
is either an alga (usually a green alga) or a cyanobacterium, which is sometimes 
called a blue-green alga although it is more closely related to bacteria than algae. 
The alga or cyanobacterium is able to use sunlight to produce essential nutrients by 
photosynthesis that feed both partners. The fungus creates a body, in which they 
both live. The fungus also produces chemical compounds that may act as sun-
screen to protect the photosynthetic partner. Lichens are not parasitic; they do not 
feed on their substrate. There are about 30,000 species of lichen worldwide. Some 
are almost invisible to the naked eye and grow as a crust on rocks, trees or soil. 
Others are called beard lichens and these can be bushy or trailing, sometimes grow-
ing up to three metres in length, and others are lobed and leaf-like. Colours range 
from dull grey-browns to brilliant yellows and bright orangey reds. There are  three 
main  groups  of lichens. Crustose (crusty)  

   
leafy     crusty    shrubby 
lichens are, as their name suggests, encrusting forms which spread over and 

into the surface of their habitat. They cannot be removed from the surface without 
breaking apart into fragments. Foliose (leafy) lichens are lichens with leafy lobes, 
which spread out in a horizontal layer over the surface. They are attached by root-
like threads and can be easily removed with a knife. Fruticose (shrubby) lichens 
are shrubby forms with many branches. They can be removed from the surface by 
hand. There are many gradations of form in between these three main groups and a 
lichen may not always fit clearly into one or other of these artificial categories. Li-
chens grow just about everywhere. They cover 8 per cent of the land surface, in-
cluding some of the most extreme environments on Earth. Lichens flourish on 
rocky coasts and mountain summits, in icy polar regions and steamy tropical rain-
forests. Some prefer a single type of habitat such as limestone or sand dunes, while 
others are widespread and grow on different trees, soil and rocks. Since lichens 
lack roots, surface absorption of rainfall is the only means of obtaining vital nutri-
ents which are dissolved in rainwater. Lichens lack protective surfaces that can se-
lectively block out elements including pollutants that are dissolved in rainwater. 
Lichens act like sponges, taking in everything that is dissolved in the rainwater, 
and retaining it. Since there is no means of purging the SO2, the sulfur content ac-
cumulates within the lichen and reaches a level where it breaks down the chloro-
phyll molecules which are responsible for photosynthesis in the algae. In the case 
of lichens, when the photosynthetic process stops in the algae, the algae die and 
this leads to the death of the fungus. Lichens are incredibly useful because they tell 
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us about the health of our environment. Lichens are very sensitive to air pollution - 
the smaller the variety of lichens in an area, the more polluted it is. In the past, sul-
phur dioxide from coal burning and industry was the worst pollutant. It killed li-
chens, so industrial areas with high levels of sulphur dioxide became lichen de-
serts. Nowadays, the major pollutants are nitrogen compounds from road traffic 
and intensive farming. These compounds don't destroy all lichens because some 
species positively thrive on nitrogen. So different pollutants create different pat-
terns of lichen growth and, by understanding them, scientists are able to assess the 
health of our environment. Some lichens grow very slowly so that they can tell you 
about the history of the substrate and the environment where you find them. They 
have been used as indicators of ancient woodlands that have never been clear-
felled. Lichens are also useful to their neighbours, recycling nutrients used by other 
plants and providing homes for spiders, mites, lice and other insects. Humans ex-
tract the most incredible range of wool dyes from lichens and also eat some of the 
edible species, while drug companies use lichens to make antibiotics or sunscreen 
cream. 

 12. Mark the statements below as true, false or doesn’t say (the article says 
nothing about it) 

1. A lichen is not a plant; it is a stable symbiotic association between a fun-
gus and algae and/or cyanobacteria. 

2. Cyanobacteria and a blue-green alga is the same thing. 
3. The fungi produce nutrients by photosynthesis. 
4. The fungi build the structure of the lichen body, within which they provide 

conditions for a long term, stable association with their algae. 
5. Most lichens are temperate or arctic, though there are some tropical and 

desert species. 
6. It is easy to remove any lichen with a knife without destroying it. 
7. Lichens can grow on almost every surface - trees, soil, rocks or even on 

sand dunes. 
8. In contrast to vascular plants lichens lack protective surfaces that can se-

lectively block out elements including pollutants that are dissolved in rainwater. 
9. If alga dies because of stopped photosynthesis, the fungus keeps on living 

on its own. 
10. The older the lichen is the better bioindicator it can be. 
11. Sulphur dioxide kills lichens while some lichen species positively thrive 

on nitrogen compounds. 
12. Before the advent of modern dyes lichens were extremely important 

sources of dyes for clothing. 

13.  You are going to read the article about lichen indicators. Six sentences 
have been removed from it. Choose from the sentences A-G the one which fits 
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each gap (1-6). There’s one extra sentence you do not need to use. Pay attention 
to the linking words.  

A. Field studies, where ambient pollutant concentrations were measured, 
show that sensitive species are damaged or killed by annual average levels of sul-
fur dioxide as low as 8-30 μg/m3 

B. Lichens are also used as pollution monitors because they concentrate a va-
riety of pollutants in their tissues. 

C. Lichens depend on precipitation, water seeping over substrate surfaces, 
atmospheric gases, and other comparatively dilute sources for their nutrition. 

D. The presence of only crustose lichens in the area means that the air quality 
is poor. 

E. These properties make them useful for spatial and temporal evaluation of 
pollutant accumulation in the environment. 

F. They have species-specific response patterns to increasing levels of at-
mospheric pollutants, ranging from relative resistance to high sensitivity. 

G. This information can demonstrate whether air pollutants cause undesira-
ble changes in species composition or presence/absence of lichen species within 
terrestrial plant communities. 

Lichens as Air Pollution Indicators 

Lichens are composite organisms formed by a fungus and a green alga and/or 
a blue-green bacterium. Lichens have been used worldwide as air pollution moni-
tors because relatively low levels of sulfur, nitrogen, and fluorine-containing pollu-
tants (especially SO2 and F gas, and acidic or fertilizing compounds), adversely af-
fect many species, altering lichen community composition, growth rates, 
reproduction, physiology, and morphological appearance. [1] 

The most commonly used lichen biomonitoring methods are community 
analysis, lichen tissue analysis, and transplant studies.  

Lichens are long-lived and can be monitored in any season. Many lichens 
have extensive geographical ranges, allowing study of pollution over large areas. 
[2] Epiphytic lichens (those that grow on other plants) are often best suited to the 
study of air pollution effects on lichen communities, lichen growth or physiology, 
and to the study of pollutant loading and distribution. Because they lack roots and 
are located above the ground, epiphytic lichens usually receive greater exposure to 
air pollutants and do not have access to nutrients in the soil. [3] Therefore tissue 
content of epiphytic lichens largely reflects atmospheric sources of nutrients and 
contaminants. Lichens on soils and rock substrates are more likely to be influenced 
by elements and chemicals from these substrates, but otherwise share morphologi-
cal and physiological characteristics of epiphytes.  

Under certain conditions, lichen floristic and community analyses can be 
used in conjunction with measured levels of ambient or depositional pollutants ac-
cumulated by lichens to detect effects of changing air quality on vegetation. [4] 
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Lichens exhibit different levels of sensitivity to pollution. [5] In general, air 

pollution sensitivity increases among growth forms in the following series: crus-
tose (crusty), foliose (leafy), fruticose (shrubby), though there are exceptions to 
this gradation. To estimate air quality in the area the modified Hawskworth-Rose 
Index is often used. 

According to the Index if no lichens present the air quality is very poor. [6] 
Crustose and foliose lichens show moderate to good quality (based on number of 
different lichens) while fruticose, foliose and crustose lichens indicate a very good 
air conditions. 

14. Look through the text once again. Complete the sentences below. Your 
answers must be related to the ideas contained in the texts. (Ex.11 and 13) 

1. Lichens are….. 
2. Lichens have been used worldwide as air pollution monitors be-

cause…………and ……… 
3. Lichen biomonitoring methods include…………… 
4. Lichen habitats are…... 
5. The best lichens – indicators of air pollution effects are…………… 
6. Epiphytic lichens receive greater exposure to air contaminants be-

cause……… 
7. The concentration of pollutants in lichen tissues expresses air pollution be-

cause ………. 
8. Lichens response to increasing levels of atmospheric pollution can 

range…… 
9. According to the modified Hawskworth-Rose Index we can estimate the 

air quality using lichens in the following way…. 
10. The unique biochemical compounds produced by lichens have made 

them useful to people in the following spheres…… 

15. Rearrange the following sentences so that they’d compose a sensible 
text. The first sentence is underlined for you. Translate it. 

Zonation of Lichens 

            
Lecanora conizaeoides          Usnea articulate         Teloschistes flavicans        Parmelia caperata 

 

70 

 



 
1. A lichen zone pattern may be observed in large towns and cities or around 

industrial complexes which corresponds to the mean levels of sulphur dioxide ex-
perienced.  

2. Also tiny recolonising specimens can be difficult to spot and identify. 
3. During the early and mid-twentieth century, air pollution levels were much 

greater than they are today in towns and cities of the UK.  
4. For example if there are no lichens present, the air quality is very poor, 

whilst generally only crusty lichens such as Lecanora conizaeoides can tolerate 
poor air quality.  

5. From the 1970s onwards, sulphur dioxide levels have been falling marked-
ly in the central and outer areas of cities, that’s why there may be no differentiation 
between levels in central and outer areas of many cities.  

6. If sulphur dioxide conditions are falling, lichens rarely colonise the area in 
exactly the same sequence.  

7. In areas where the air is very clean, rare species such as 'the string of sau-
sages' Usnea articulata or the golden wiry lichen Teloschistes flavicans may grow. 

8. In moderate to good air, leafy lichens such as Parmelia caperata can sur-
vive.  

9. Lichens are slow growing and may take a year or two to recolonise bark or 
other substrates following a reduction in air pollution levels.  

10. Particular species of lichen present on tree bark can indicate the typical 
sulphur dioxide levels experienced in that area.  

11. Sulphur dioxide levels were highest in the inner city areas becoming less 
polluted out towards the edges of the urban areas.  

12. The fall in sulphur dioxide levels between the 1970s and the 1990s has 
led to a number of lichens recolonising in areas from which they had previously 
been eliminated. 

16. Additional reading. Read the article “Lichen Indicators of Ecosystem 
Health in Nova Scotia’s Protected Areas” (appendix 1). Compare the ideas con-
tained in it with the information you’ve already got. 

Speaking practice 

17. Discuss the following questions. Make use of the following phrases. If 
required consult Appendix 2 

1. From your point of view how can volunteers help in air quality surveys? 
2. If having lots of free time would you go and help with gathering of sam-

ples as a volunteer? Would you, if it were frogs, algae, spiders? Why? 
3. What role do lichens play in air quality monitoring? 
4. What other living being are used to assess air quality? Why?  
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giving the opinion  exemplification 
It seems to me that… 
The way I see it… 
I am not quite sure but… 
I personally believe… 

for example, … 
for instance, … 
in this case, … 
to illustrate … 

18. Watch the video “Lichens” once or twice if needed. Complete the sum-
mary using the following words and phrases. 

a. patterns of white lines on the surface e. photosynthetic
  

i. air quality m. a fungus 

b. green on top and white on the bottom f. trunks of trees j. sunscreen n. an alga 
c. olive-green to brown g. algal cells k. nitrogen o. fix 
d. twigs and branches h. UV radiation l. symbiotic  

Lichen is a composite organism consisting of 1. ………and 2. 
………….growing together in a  3. …….. relationship. 

The algal cells are 4. …………….and provide the nutrients for the fungus 
through photosynthesis. 

The fungus surrounding the 5. …………………….produces an orange or 
yellow colored pigment, parietin, that gets deposited as tiny crystals in the top layer 
of the upper cortex. Parietin synthesis is enhanced by 6. …….…and stimulated by 
photosynthesis.  

This pigment is unique to lichen associations and acts as a 7. 
………………….. 

Leafy Xanthoria thrives in areas with 8. …………pollutants. This lichen is 
common in big cities and near major roads. 

Xanthoria parietina can 9. …………. atmospheric nitrogen, complementing 
the activities of the green alga, and can be used as a monitor for nitrogen in the at-
mosphere. 

Evernia is a bushy lichen 10. ………………………………………..that is 
sensitive to air pollution, so is usually found in clean air environments. 

It is abundant on branches and twigs of trees and shrubs in the countryside. 
Parmelia with 11. ……………………………….is indifferent to air pollu-

tants and can be found growing in both polluted and clean air environments.  
Melanelixia grows in both polluted and clean air environments. Like Par-

melia it can be found on trees in towns and in the countryside. 
Upper surface of Melanelixia is 12. ……………………………or reddish-

brown, smooth and shiny on the lobe ends, lower surface is usually black, some-
times brown or even tan on the lobe ends. 

Lichens that live on 13. ………………..indicate the state of air pollution in 
the past while those living on 14. …………………….are monitors of preset air 
quality. 

The lichen species found in the area of Southern London directly indicates 
that the 15. …………..… there is getting better. 
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19. Work in small groups. Imagine that one of you is a friend/neighbour of 
the others who took part in the volunteer survey (according to the video “Li-
chens”). Ask questions about the survey and discuss its results.   

20. Watch the video “Tree Lichen Monitoring” for the first time to get ac-
quainted with the content. Mind the words. 
1 horse chestnut   конский каштан 5 root  
2 ash tree ясень 6 twig  
3 maple tree клен 7 branch   
4 bark кора 8 trunk  
* McMaster University - Privately endowed university in Hamilton, Ontario, Canada. 

21. With a partner study the following words and phrases. Consult the dic-
tionary if you don’t know their meaning. Read the transcript and fill in the miss-
ing information. Watch the video to check your work. 

a. maple and ash trees f. utilizes the 
methodology 

k. horse 
chestnut 

p. to 
monitor 

u. 
unique 

b. overall airborne 
pollution 

g. backs of insects l. 
neighbourhood 

q. 
boundaries 

v. 
options 

c. photosynthetic agent 
  

h. a measuring device m.lichens 
growth 

r. the poles w. roots 

d. opposite branching i. height and weight n. disease bark s. trunks x. radius 
e. data recording sheet j. deciduous parts o. exact 

location 
t. fungus y. twigs 

 
transcript  
Meet Josh. Josh is concerned about his 1. ………..air quality. He doesn’t 

have the money to do expect air quality testing, however he does have 2. ………..  
Hey Josh, have you heard of lichen testing? Lichens? Do you know what 
they are? 

Lichens are 3. ……….in a sense that they are not a plant or an animal. They 
are a composite of 4. ……. and 5. ………….. There’re 14 000 different types of 
lichens which are all ranging in colour, size and shape. They can be found every-
where from 6. ………..to the tropics even on the 7. ………………. You can 
measure them in 2 ways: by 8. ……………….or by radius. 9. ……… is easier. 
Since some lichens grow slowly between 2 to 3 mm per year, testing 10. 
………………..only needs to be done annually.  

Lichens are great biomonitors and have been used in several studies 11. 
…………..air quality. They have no 12. ………, and no 13. …………………. 
Everything they used to grow comes from the air.  
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This specific study 14. ………………………..of McMaster’s Dr. George 

Soldier. Soldier found the relationship between the two types of lichens found on 
15. …………………….., and between nitrogen dioxide and sulpher dioxide which 
are indicators of  16. …………………………………. 

Essentially areas of high SO2 and NO2
 have low levels of this lichen and are-

as of low levels of SO2 and NO2
 have high levels of this lichen. Basically the more 

of these two types of lichen is present the better the air quality. 
So Josh! Are you ready to go to test some lichen? 
Only two materials are required. First is 17. …………………..consisting of 

4100 centimeter square quadrants glued together, second is a 18. 
……………………..and pen.  

Let’s get started! 
Planning your route is the first step. Create 19. ……………….so you avoid 

missing streets or trees. This will keep you on track and help keep you safe. 
Now it’s time to find yourself some maple and ash trees. Either one will do 

the trick. You just need to know what to look for. What’s the easiest way to tell – 
look up! 

With the exception of 20. ……………………, maple and ash trees are the 
only trees in Ontario with 21.………………. . Have a look! Can you see how the 
22.  …….have a mirror image of each other as they stem from the branch? That’s 
we’re looking for. Don’t worry if not of them are opposite. As long as one trunk 
has an opposite pair you’ve got yourself a maple or an ash. Alternatively, no one 
intended, check off these other trees. See how the twigs alternating out of the 
branch given there’s no opposite pairs to be found – these trees are not right for the 
study. 

So now that you determine if it’s a maple or an ash, ask yourself: “Is the tree 
suitable?” 

You want to avoid 23. ………………….., acroshape 24. …………….and 
trees within a hundred meters of the major road. 

Found a good tree, Josh? Great. Record its 25. …………………..so you re-
member where it is.  

Hold up your measuring device to the tree lightly pressing it against the bark, 
make sure it’s in the centre of the tree, and the bottom of the device is about 1 me-
ter from the ground. 

Now let’s look for a lichen. How much do you see? Feel free to get a closer 
look if you need to. Remember we’re looking for both lichen species. 

Grading how much lichen you see is really the key to the study. Starting at 
the top quadrant grade how much lichen you see for each species. Zero indicates 
no lichen, 1 indicates one or two colonies less than 1 centimeter wide, 2 indicates a 
few lichen colonies with less than ten percent quadrant coverage, and 3 indicates 
ten percent coverage or more in the quadrant.  

Here some examples of Millegrana species – the gray-ashy one. 
Record your answers. 
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Although this process can be subjective, trust yourself - it gets easier with 

practice. 
Measurements need to be taken on all directions of the tree. With four quad-

rants per side of the tree you’ll end up with sixteen measurements for each lichen 
type. 

Are you done there, Josh? Great. 
Send your results to Environment Hamilton. They’ll take care of the simple 

data launching 
And that’s it! 
Are you liking lichen, Josh? – yeah!  

22. In the same pairs pretend to be Josh and his close friend. Discuss 
Josh’s experience.  

23. Find the handouts (Appendix 4) one per person; rearrange them so 
that they compose a transcript for the video. Read your piece of the text for the 
several times so that you can synchronize the video. 

24. Render the article in 5-7 sentences using Appendix 2. 

 

 

www.ec.gc.ca 

Monitoring Lichens as Indicators of Air Quality 

Lichens have been recognized as bio-indicators of 
air pollution. It is possible to correlate lichen diversity 
and air quality because lichen species exhibit varying tol-
erance levels to air pollution. 

For example, lichens intolerant of air pollution, 
such as Usnea species, are seldom found in urban areas, 
while tolerant lichens, such as Parmelia and Physcia spe-

cies, are often found growing in great abundance in urban areas. 
With over 3,600 species of lichens in North America and over 30,000 world-

wide, learning to identify a great number of lichens can be intimidating and diffi-
cult. In consultation with expert lichenologists in Canada and the United States, 
suites of only 20-30 arboreal (tree-trunk-dwelling) lichens, exhibiting a range of 
tolerance levels, have been selected for the following lichen identification field 
guides: mixed hardwood forest, boreal forest, west coast forest; and identifying li-
chens of Nova Scotia. 
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Focusing only on arboreal lichens grow-

ing on particular tree species allows for a 
much easier comparison of different geo-
graphic areas. By determining the presence or 
absence and abundance of each lichen species 
in the suite, zones of relative lichen diversity, 
which are often expressed as an “index of at-
mospheric purity,” can be mapped. 

One of the first such published studies in Canada was conducted in the city of 
Montreal in the late 1960s. 

Since then, lichen biomonitoring studies have experienced exponential 
growth in countries around the world and there are now well over 1,500 papers and 
several books published on this subject. 

The specific monitoring method chosen depends upon the research question 
and the resources available. A 2003 workshop of lichen experts recommended sev-
eral lichen monitoring methods for the Ecological Monitoring and Assessment 
Network (EMAN). Testing and subsequent research led EMAN to recommend the 
following protocols: 

Mapping lichen diversity: Recording changes in arboreal species diversity in 
fixed plots over time, either through the use of grid or transects samples, using a 
standardized method develop by lichenologists. 

Metal analysis: Determining the elemental content of lichen tissue in relation 
to differing pollutant concentrations. 

The protocols can be used in tandem to get a more complete picture of the 
impact of air quality in the region. Additional methods for biomonitoring using li-
chens can be found in Monitoring with Lichens – Monitoring Lichens (Nimis et al. 
eds., 2002). 

Writing practice 

26. Carry out a short scientific research. Following the instructions given 
in the video “Tree Lichen Monitoring,” monitor local lichens and report the state 
of air quality in your locality. 

27. Analyse all the information you have obtained from the unit, summa-
rise it and prepare the presentation on the topic “Lichens as bioindicators”. 
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UNIT SIX 

How can Frogs Be Used as Bio-indicators? 

1. Look through the following quotations and try to outline the prob-
lems to be discussed. 

Mason Ryan, an amphibian expert at the University of New Mexico, said 
that frogs can be good indicators of what’s wrong in the environment. He doesn’t 
know what’s specifically happening at the New Mexico park (there are several re-
ports of dead and deformed frogs found in a pond in the park), but the frogs could 
help tell the story. 

The 30th of April is “Save the Frogs Day”, organized and created by conser-
vation biologist Dr. Kerry Kriger, who claims that frogs are subject to all the usual 
environmental woes—habitat loss, pollution, global warming, overcollection, inva-
sive species.  

"Clean air and clean water cannot be replaced by money. The future of the 
planet is not negotiable. Save the frogs and you'll save yourselves."-- SAVE THE 
FROGS! Board Member Dr. Jean-Marc Hero. 

Vocabulary practice 

2. Study the following words. 
1 a tadpole головастик 11 human-

induced 
вызванный че-
ловеком 

2 spawn  икра 12 salinity соленость 
3 metamorphosis метаморфоза, трансформа-

ция 
13 mortality смертность 

4 susceptible восприимчи-
вый,чувствительный 

14 acute острый, резкий 

5 an amphibian земноводное 15 to disrupt разрушать, 
подрывать 

6 abnormality 
 

ненормальность, аномалия; 
уродство  

16 lethargy 
 

вялость, апа-
тичность 

7 a malformation порок развития 17 saturated пропитанный, 
интенсивный 

8 a deformity 
 

уродливость, деформация, 
изъян, порок 

18 to deplete истощать, ис-
черпывать 

9 permeable проницаемый 19 motility подвижность 
1
0 

vulnerable 
 

уязвимый 20 adverse неблагоприят-
ный, вредный 
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3. Do you know the pronunciation of the following words? Check your an-
swers using a dictionary, mind the stress. 
abnormality 
synergistic 
fungicide 

deformity 
embryo 
ultraviolet 

immune  
endocrine  
mutation 

metamorphosis 
malformation 
simultaneously 

permeable 
spawn 
pathogenic 

 

4. Complete the following sentences with the correct derivative of the word 
in bold. If needed, consult the options given in the table at the end of the vocabu-
lary section. 
1 Environmental …………. may cause such  

……… frog development as missing, extra  
or ………… body parts. 

stress 
normal 
usual 

2 During the ……………., the ………… tried to collect 50-100 
newly metamorphosed frogs of one species from a single pond 
and document visible ……….. 

assess 
research 
abnormal 

3 Some frog species ……… small, temporary ponds and the  
………. forested area, which are usually suffered by many  
stressors such as UV-radiation, the use of pesticides and 
………  
chemicals, …………, and climate change.  

habit 
surround 
industry 
urban 

4 Water quality ………….. has been linked to severe physical  
………… reported in dozens of amphibian species from  
………….. aquatic habitats. 

degrade 
formation 
diversity 

5 Heavy metals were found to have negative impacts on devel-
opment, ………….., ……….. and  ……………… of frogs. 

grow 
survive 
behave 

6 Amphibians may experience ………… deformities and  
increased mortality due to ………….. 

development 
acidify  

7 Although acute ………. to some PANs (polycyclic aromatic 
hydrocarbons)  
was not noted, it is possible that chronic ……… 
could result in………….. 

toxic 
expose 
mortal 

8 Increasing levels of ultraviolet radiation owing to ozone 
………… are  
…………. to many amphibian species. 

deplete 
harm 

5. Use the given terms instead of the underlined phrases.  
a. deformities d. susceptible to g. fungicides j. pesticides m. eutrophication    
b. herbicides e. tadpole h. spawn k. lethargy n. survivorship 
c. salinity f. reproduction i. vulnerable 

to 
l. extinction o. human induced 
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1. Since they move between three distinct habitat types (breeding, summer 

foraging, and overwintering)  every  season  to  keep  their  life  cycle, the northern 
leopard frog is particularly    1. likely to be influenced or harmed by contamina-
tion, disease, habitat loss, fragmentation and degradation.  

2. Frogs are especially  2. capable of being physically hurt by environmental 
disturbances, and thus frogs are considered accurate indicators of environmental 
stress: the health of frogs is thought to be indicative of the health of the biosphere 
as a whole. 

3. Their 3. mass of eggs deposited by frogs are laid in water or in moist areas, 
and their larvae are aquatic. 

4. Ribeiroia trematodes, the  well-noted parasite  in northern leopard frogs, 
are known to cause limb 4. physical abnormalities in earlier life stages. 

5. Amphibians require aquatic habitats for 5. the process of generating off-
spring, so they will be directly affected by changes in water quality due to climate 
changes or human uses. 

6. Many frog species are threatened by forest losses, urban sprawl, draining 
of swamps, changes to the water table with resultant 6. relative proportion of salt 
in a solution, erosion, and water pollution. In short, they have an inability to adapt 
to 7.  caused by men changes. 

7. Agricultural sprays such as 8. chemical substances  that  destroys  plants or  
inhibits  their growth, 9. chemical substances that destroys or prevents the growth 
of fungi and 10. toxic substances used to kill pests are all contributing to declines, 
primarily at the embryo and tadpole level immediately after hatching. 

8. Exposure to pesticides, even at low levels common in agricultural areas, 
resulted in 11. aquatic larval stage of frogs mortality and reduced growth. 

9. Runoff from agricultural lands can result in 12. excessive growth of aquat-
ic vegetation which can cause frog winterkill in wetlands used for overwintering. 

10. Nitrates, found in fertilizers, have also been linked to decreased tadpole 
13. number or proportion of survivors as well as 14. reduced activity levels, weight 
loss and abnormalities.  

11. Frogs have survived for 360 million years (and were on Earth long before 
the dinosaurs) and yet one-third or more of frog species are in danger of 15. dying 
out. 

6. Find the odd word which does not suit to the place provided. 
1. Agricultural practices in southern Canada have ………… 59% of wetland 

basins and 78% of wetland margins. 
influenced   impacted     collided  affected  
2. Runoff from agricultural lands can result in excessive growth of aquatic 

vegetation which can cause winterkill in wetlands used for overwintering and in-
creased ………………….. 

malformations  deformities   abnormalities   distortions 
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3. He also ………….. results of other studies which found that common 

frogs are also sensitive to nitrogenous fertilizers and polychlorinated biphenyls. 
cited   summoned  referred to   quoted   
4. Heavy metals, …………………… cadmium and copper were found to 

have negative impacts on development, growth, survival and behaviour of northern 
leopard frogs. 

particularly   partially   especially   specifically 
5. …………………… salinity from road salts is acutely toxic to adult north-

ern leopard frogs. 
excelling   excessive  extreme   exceeding 
6. In the event that one of these habitats is lost from the landscape and no lo-

cal alternative is present, a local ………………. could occur. 
extirpation   extinction   destruction   uprooting 
7. Distribution and abundance of northern leopard frogs are said to be 

………….. in part by the pH of available breeding sites across the landscape.  
determined   governed   proved   controlled  
8. The researchers reported that sperm ………………. decreases with the pH 

of breeding ponds, which in turn reduces the percentage of spawn which are ferti-
lized during breeding. 

mobility   mutability   motility   movability 
9. Because amphibians are ……………. tied to an aquatic environment, the 

quality of the water in which they live can affect their growth, development, and 
survival. 

firmly   sexually   closely    tightly  
10. For example, ambient (natural) but increasing levels of ultraviolet (UV) 

radiation owing to ozone …………….. are harmful to many amphibian species. 
exhaustion   deterioration   depletion    depression 

   

7. Translate the given words and phrases. Complete the sentences using 
them. 
a. physical 
malformations 

e. waterborne chemicals i. population 
declines 

b. immune and endocrine f. lethal j. acutely toxic 
c. metamorphosis g. developmental 

abnormalities 
k. survival rates 

d. disrupting the structure h. mortality rates l. permeable skin  
 
1. Frogs and other amphibians live most of their lives in water, making them 

very sensitive to          1. ……………., which are absorbed through amphibians' 2. 
……………... 

2. Many species have suffered dramatic 3. …………………..since the 
1980s, including disappearances from pristine habitats. 
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3. Water quality degradation has been linked to severe 4. 

…………………………(including missing, malformed, and extra limbs) reported 
in dozens of amphibian species from diverse aquatic habitats across North Ameri-
ca.  

4. Depending on the concentrations of insecticides and the species involved, 
some of these substances may be 5. …………, may affect growth and develop-
ment, or may affect 6. ……… 

5. Atrazine, a commonly used herbicide, is reported to be 7. 
…………………….and causes feminization of amphibians. Atrazine, along with 
other pesticides have been found to disrupt the  8. …………………system of frogs 
of all life stages. 

6. Several studies have shown that UV radiation may not kill developing am-
phibian embryos but may cause   9. …………………..and changes in behavior. 

7. The larvae of some frog species may have increased 10. …………..under 
acid conditions because their salamander predators show reduced predation at low 
pH.  

8. Some PAHs are capable of 11. …………………of DNA causing muta-
tions, moreover a study on toxicity of frogs to PAHs revealed 12. …………..of 
nearly 50% within the first few hours of a 96 hour exposure trial. 

8. Complete the sentences using words in bold. Use two to five words. 
1. Two of the most common forms of environmental contamination are pesti-

cides (herbicides, fungicides, insecticides) and polycyclic aromatic hydrocarbons 
(PAHs) which are found in crude oil and petroleum wastewater. 
as Polycyclic aromatic hydrocarbons (PAHs) which are found in crude 

oil and petroleum wastewater, ………………………..(herbicides, 
fungicides, insecticides) are two of the most common forms of envi-
ronmental contamination. 

2. Other forms of environmental contamination which impact the northern 
leopard frog include heavy metals and salinity.  
among   Heavy metals and salinity ………………………… of environmen-

tal contamination which impact the northern leopard frog. 
3. Agrochemicals such as pesticides are known to cause a wide range of ef-

fects on wildlife including reproductive disorders, reduced growth rates and physi-
cal and behavioural abnormalities. 
result Reproductive disorders, reduced growth rates and physical and be-

havioural abnormalities are ……………………………. of effects 
on wildlife of agrochemicals such as pesticides. 
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4. Water salinity was also found to reduce activity levels and weight of tad-

poles and caused physical abnormalities.  
resulted  Water salinity …………………….. activity levels and weight of 

tadpoles and caused physical abnormalities. 
5. Die-offs of frogs in southwest Ontario in the years 2001 and 2002 were al-

so confirmed to be the result of ranavirus.  
resulted  It was confirmed that the die-offs of frogs in southwest Ontario in 

the years 2001 and 2002 ………………………. infection. 
6. It is stated that lipophilic PAHs probably enter the body of northern leop-

ard frogs through their permeable skin. 
likely  It is stated that the permeability of amphibian skin is what 

…………………….. lipophilic PAHs to enter the body of northern 
leopard frogs. 

7. The structure of DNA can be destroyed by some PAHs causing mutations. 
of  Some PAHs …………………………. disrupting the structure of 

DNA causing mutations. 
8. The most common forms of habitat fragmentation in the range of the 

northern leopard frog are roads, cultivation and industrial development.  
also  Not only are the roads common forms of habitat fragmentation in 

the range of the northern leopard frog 
………………………………….. industrial development. 

9. A study on toxicity of common frog to three PAHs (naphthalene, phenan-
threne and pyrene) revealed that about 50% of frogs had died within the first few 
hours of a 96 hour exposure trial. 
rates  A study on toxicity of common frog to three PAHs (naphthalene, 

phenanthrene and pyrene) revealed ……………………………. of 
nearly 50% within the first few hours of a 96 hour exposure trial. 

10. Amphibians are important indicators of water quality, and are considered 
a sentinel species, meaning that what affects amphibians presently may affect other 
animal species in the future.  
early  Having in mind that what affects amphibians presently may affect 

other animal species in the future, amphibians can be used 
………………………………………. of water quality. 

11. Both the three habitat types of the northern leopard frog and the dispersal 
corridors which they use to move between them are important.  
not  ……………………. the three habitat types of the northern leopard 

frog important but also are the dispersal corridors which they use to 
move between them. 
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12. It is thought that chytridiomycosis, which was first discovered in Panama 

and Australia in 1998 and since than has spread to five continents, is the cause of 
mass mortalities in North America. 
responsible  Chytridiomycosis was first discovered in Panama and Australia in 

1998. Since then, it has spread to five continents including North 
America where it has been …………………….. mass mortalities. 

13. Provided that you put exposed frogs into clean water, naphthalene accu-
mulation in body tissues is easily eliminated 
once  Naphthalene accumulation in body tissues is easily 

………………………………………. are introduced to clean water. 

9. Translate the texts into English. 
1. Драматическое снижение и вымирание популяций лягушек по всему 

миру и высокая частота физических и репродуктивных аномалий может быть 
связана с сельскохозяйственной активностью, наряду с другими факторами, 
особенно использованием агрохимикатов, таких как пестициды.  

2. Причины снижения популяций лягушек включают в себя разрушение 
среды обитания, химическое загрязнение, в особенности пестицидами, воз-
растающее ультрафиолетовое излучение, климатические изменения, новояв-
ленные экзотические хищники, болезни, в особенности патогенные  грибки.  

3. Большинство лягушек нуждаются в соответствующей (подходящей) 
среде обитания как наземной, так и водной, и имеют проницаемую кожу, ко-
торая может легко впитывать токсичные химикаты.  

4. Оказалось, что лягушки чувствительны в первую очередь к сельско-
хозяйственным пестицидам, гербицидам, фунгицидам и тяжелым металлам, 
которые способствуют ухудшению состояния особенно на уровне эмбрионов 
и головастиков. 

5. Причины, по которым лягушки являются хорошими биоиндикатора-
ми, включают в себя: 

• амфибии дышат через кожу, поэтому они более подвержены изме-
нениям воды и воздуха, вызванными загрязнением; 

• амфибиям необходима водная среда обитания для воспроизводства, 
поэтому они напрямую подвержены изменениям качества воды из-за клима-
тических изменений и человеческой деятельности; 

• амфибиям необходимо передвигаться между разными средами оби-
тания, такими как водоемы и наземные участки; 

• загрязнение воды может быть причиной появления пороков разви-
тия. Причины, вызывающие такие пороки, включают в себя паразитов, хи-
мические вещества и ультрафиолетовый свет. 
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Additional options for ex.4 
1 stressy stressful stressor stressless stressfulness 
1 normality normalise abnormality abnormal normalisation 
1 usually usualness unusual - - 
2 assessee assessment assessor assessable unassessed 
2 researcher researchist researchable researching researched 
2 normality norm  abnormality normal normalisation 
3 habitant inhabit unhabitable habitable habitancy 
3 surrounder surrounding surrounded - - 
3 industrialisation industrial industrialist industrious industriousness 
3 urbanism urbanisation urbanite urbanoid urbanity 
4 degrader degraded degradednes degradation undegraded 
4 form formed  malformed formation malformation 
4 diverse diversely diversify diverseness  diversion 
5 grower growing growable growth grownup 
5 survival  survive survivorship survivable survivance 
5 behavioural  behaviour  misbehaviour behave behaving 
6 develop development developmental developer developing 
6 acid acidic acidify acidification acidity 
7 toxin toxicity toxicology intoxication toxicant  
7 exposer exposure exposing exposed exposition 
7 mortal immortal mortality immortality - 
8 deplete depleted depletion depleting - 
8 harmful harming harmless harmed - 

Reading practice 
Amphibian Population Declines 

10. Read the text. Divide it into 6 paragraphs. Choose the most suitable 
heading from list 1-7 for each paragraph. There is one extra heading you don’t 
need to use.  

1. Acidification 
2. Effects of Ultraviolet Radiation  
3. Malformations and Deformities  
4. Nitrates and Nitrites 
5. Toxic Substances 
6. Eutrophication  
7. Water Quality Factors  
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 It is known that amphibians are important 

predators and prey in many ecosystems, thus de-
clines in their populations may affect many other 
species that live within the same ecological 
community. Amphibians have permeable, ex-
posed skin and spawn that may readily absorb 
toxic substances from the environment. Their 

spawn are laid in water or in moist areas, and their larvae (tadpoles) are aquatic. 
Because amphibians are closely tied to an  aquatic  environment, the   quality   of  
the water  in  which they live can affect their growth, development, and survival. 
Because pollutants, waterborne pathogens, and global environmental changes can 
all affect water quality, these factors can in turn affect amphibians. Amphibians are 
important indicators of water quality, and are considered a sentinel species, mean-
ing that what affects amphibians presently may affect other animal species in the 
future. A number of studies have shown that acidification of fresh water (that is, a 
reduction in pH to acidic levels) via acid rain, acid snowmelt, or other modes of 
pollution are harmful to amphibian growth and development. Some species are 
more tolerant of acid conditions than others. Thus, depending on the species, the 
amount of acidity, and other environmental variables, amphibians may experience 
developmental deformities and increased mortality due to acidification. Acidifica-
tion can potentially affect amphibian populations and the communities in which 
amphibians live.   Many chemical products used in agriculture and industry pollute 
aquatic habitats, causing potentially 
severe damage to ecosystems. For 
example, the increase in concentra-
tion of nitrate in surface water on 
agricultural land due to numerous 
sources may be hazardous to many 
species of fish, wildlife, and even 
humans. Data suggest that nitrogen-
based fertilizers may be contrib-
uting to amphibian population de-
clines in agricultural areas. Furthermore, significant larval mortality occurred at the 
recommended limits of nitrite concentration for drinking water. However, some 
species appear to be more sensitive than others to nitrate and nitrite pollution. Just 
as amphibian species display variation in sensitivity to nitrate-related compounds, 
they also show variation in tolerance to other toxic substances that may be found in 
water. Insecticides such as organophosphates, carbamates, and synthetic pyre-
throids, which are used mainly in crop production, have a wide array of effects on 
amphibians. Depending on the concentrations used and the species involved, some 
of these substances may be lethal, may affect growth and development, or may af-
fect metamorphosis. Scientists believe that certain compounds found in agricultural 
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Saprolegnia 

fertilizers, pesticides, and herbicides  are  contrib-
uting  to   the  decline  of  many  amphibian  popu-
lations  in  the United States and other countries 
with large-scale, chemically enhanced agriculture. 
Yet synthetic chemicals are only one among several 
human and environmental factors linked to amphib-

ian impacts. Ambient (natural) but increasing levels 
of ultraviolet (UV) radiation owing to ozone deple-

tion are harmful to many amphibian species. Although UV may not kill developing 
amphibian embryos it may cause developmental abnormalities and changes in be-
havior. Certain pollutants in the water may interact with UV radiation in a way that 
increases their toxicity to amphibians. The adverse effects of UV radiation can be 
enhanced in the presence of toxic substances and pathogens. For example, different 
species of amphibians show variation in sensitivity to aquatic pollutants known as 
polycyclic aromatic hydrocarbons (PAHs), which are found in locations contami-
nated with petroleum products or urban runoff.  PAHs  are  extremely  toxic to  
amphibians  when  they  are  simultaneously exposed to UV radiation. UV radia-
tion also increases amphibian mortality when a pathogenic fungus known as 
Saprolegnia is present. Water quality degradation has been linked to severe physi-
cal malformations (including missing, malformed, and extra limbs) reported in 
dozens of amphibian species from diverse aquatic 

habitats across  North  
America. Deformities  in  
amphibians  and  other  
aquatic creatures  some-
times can be attributed to 
chemical contaminants. 
Other causes may include 
ultraviolet radiation or bio-
logical factors such as parasites or infection. One likely 

scenario for increased malformations is that trematode parasites that cause limb de-
formities in developing tadpoles have increased with their intermediate snail hosts. 
Snail populations may have  increased  with  increased algal growth, their main 
food. In certain regions, excessive algal growth may be occurring because of eu-
trophication of water from nitrogen-based fertilizer use on nearby lands. Obvious-
ly, amphibians are being subjected to a variety of human-induced insults that are 
related to water quality. Special attention must be given to the presence of pollu-
tants, pathogens, and global environmental changes    that   may    affect amphibian 
growth and development, increase mortality, and eventually lead to unnatural and 
accelerated population declines. 
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11. Mark the statements below as true, false or doesn’t say (the article says 
nothing about it) 

1. Frogs are definitely not vegetarians by any means. 
2. Tadpoles on the contrary are vegetarians. 
3. Scientists consider frogs a sentinel species. 
4. Low water Ph doesn’t disturb amphibians at all. 
5. Agricultural fertilizers affect only mature frogs. 
6. Agricultural fertilizers, pesticides, and herbicides can either kill amphibi-

ans or affect their metamorphosis. 
7. Fungicides are reported to be highly toxic to juveniles. 
8. UV radiation does not kill frog spawn but it may cause developmental ab-

normalities and changes in behavior. 
9. The more toxic substances there are in the water the more adverse effects 

of UV radiation can be. 
10. Pathogenic fungus causes a skin infection in keratinized skin of adult and 

metamorphosed young-of-the-year and to a much lesser extent, tadpoles. 
11. Parasites are known to cause limb deformities in earlier life stages. 

12. Read the text. Complete the sentences below it. Your answers must be 
related to the ideas contained in the texts (ex.10 and 12) 

Potential Threats and Sensitivities of Northern Leopard Frog 

Northern leopard frogs and amphibians in gen-
eral are sensitive to a wide range of threats. Since they 
move between three distinct habitat types (breeding, 
summer foraging, and overwintering) every season to 
keep their life cycle, the northern leopard frog is par-
ticularly susceptible to contamination, disease, habitat 
loss, fragmentation and degradation.  

Contaminants  
Different types of contaminants have different lethal and sub-lethal effects on 

northern leopard frogs. Two of the most common forms of environmental contam-
ination are pesticides (herbicides, fungicides, insecticides) and polycyclic aromatic 
hydrocarbons (PAHs) which are found in crude oil and petroleum wastewater. 
Other forms of environmental contamination which impact the northern leopard 
frog include heavy metals and salinity.  

Agrochemicals such as pesticides are known to cause a wide range of effects 
on wildlife including reproductive disorders, reduced growth rates and physical 
and behavioural abnormalities. Pesticides also deplete prey populations for adults 
and juveniles which can ultimately lead to trophic cascades. The researchers used 
lab experiments on northern leopard frog tadpoles to measure the lethal and sub-
lethal effects of Endosulfan and Mancozeb, two common pesticides. Exposure to 
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both pesticides, even at low levels common in agricultural areas, resulted in tad-
pole mortality and reduced growth. Atrazine, a commonly used herbicide, is re-
ported to be acutely toxic and causes feminization of amphibians. Atrazine, along 
with other pesticides have been found to disrupt the immune and endocrine system 
of northern leopard frogs of all life stages. Runoff from agricultural lands can re-
sult in excessive growth of aquatic vegetation which can cause winterkill in wet-
lands used for overwintering and increased deformities. Nitrates, found in fertiliz-
ers, have also been linked to decreased tadpole survivorship as well as lethargy, 
weight loss and abnormalities. 

 

common frog (Rana temporaria) 

The researchers state that the permea-
bility of amphibian skin is what likely al-
lows lipophilic PAHs to enter the body of 
northern leopard frogs. Some PAHs are ca-
pable of disrupting the structure of DNA 
causing mutations. A study conducted by 
Marquis on toxicity of common frog (Rana 
temporaria) to three PAHs (naphthalene, 
phenanthrene and pyrene) revealed mortali-
ty rates of nearly 50%  

within the first few hours of a 96 hour exposure trial. He also cited results  of  other  
studies  which  found  that  common frogs  are  also  sensitive to nitrogenous ferti-
lizers and polychlorinated biphenyls. The researchers did not report mortality from 
exposure to naphthalene alone, but instead their study focused on uptake, accumu-
lation and elimination. They found that naphthalene exposure caused a reduction in 
excretion of CO2 but after eight hours, excretion rates returned to normal levels. 
They also reported that naphthalene accumulation in body tissues was easily elimi-
nated once exposed frogs were introduced to clean water. Although acute toxicity 
was not noted, it is possible that chronic exposure could result in mortality. The 
differences between these two studies may suggest a synergistic effect of multiple 
PAHs on frogs.  

Heavy metals, specifically cadmium and copper were found to have negative 
impacts on development, growth, survival and behaviour of northern leopard frogs. 
Zinc was also found to have a negative association with northern leopard frog dis-
tribution. Excessive salinity from road salts is acutely toxic to adult northern leop-
ard frogs. Salinity was also found to reduce activity levels and weight of tadpoles 
and caused physical abnormalities. 

 
1. The quality of the water in which frogs live can affect 

…………………………………. 
2. At any stage of their development frogs can readily absorb toxic substanc-

es from the environment because …………………… 
3. Due to acidification amphibians may experience ……………………. 
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4. Certain human-made substances such as ……………………………. are 

contributing to the decline of many amphibian populations. 
5. The toxicity of polycyclic aromatic hydrocarbons (PAN) to frogs increases 

when………….   
6. Forms of environmental contamination which impact the northern leopard 

frog include……………….. 
7. Chemical compounds (such as pesticides) are known to cause a wide range 

of effects on frogs such as…………………… 
8. Common agricultural herbicides along with pesticides cause 

…………………….in frogs. 
9. Agricultural fertilizers may cause ………………….. 
10. Synergistic effect of multiple PAHs on frogs can be the follow-

ing………………. 

13.  You are going to read the article about water requirements of frogs. 
Six sentences have been removed from it. Choose from the sentences A-G the 
one which fits each gap (1-6). There’s one extra sentence you do not need to use. 

A. A research conducted found that adults and juveniles were also suscepti-
ble to low pH, especially upon emergence from overwintering. 

B. Distribution and abundance of northern leopard frogs are said to be gov-
erned in part by the pH of available breeding sites across the landscape. 

C. Overwintering ponds should contain 7-10 ppm of dissolved oxygen to fa-
cilitate overwintering. 

D. Physical conditions such as water quality, salinity, acidity and temperature 
are essential to the well-being of frogs. 

E. Prolonged exposure to high levels of hardness can cause lesions on the 
skin of amphibians. 

F. The researchers also reported that at low pH (5), only 50% of fertilized 
spawn developed into embryos. 

G. The researchers found that CO2 in a water body is responsible for animal 
mortalities which include a mass mortality of toads. 
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Northern Leopard Frog: Water Quality and Management 

 

Northern leopard frog 

Northern leopard 
frogs require certain water 
quality parameters in the 
habitats that sustain them. 
The most notable and 
seemingly most researched 
among them is pH. The re-
searchers found that north-
ern leopard frogs are more 
sensitive to low pH than 
other members of the same 
genus. [1]  

 

Northern leopard frog 
spawn 

The researchers reported that sperm motility decreases with the pH of breed-
ing ponds, which in turn reduces the percentage of spawn which are fertilized dur-
ing breeding. [2] Also embryo development did not occur when the pH was low-
ered slightly to 4.8. They found that the synergistic effects of pH and UV radiation 
can be detrimental to embryo development. A neutral pH is preferred by northern 
leopard frogs and is said to be optimal for sperm motility. [3] Acid precipitation 
has been found as a cause of the lowered pH of lakes and wetlands in North Amer-
ica. It was also mentioned that hardness, alkalinity, ammonia, nitrites, nitrates and 
dissolved oxygen are important abiotic factors which influence northern leopard 
frogs.  

Hardness represents the mineral ion content of water. [4] Alkalinity interacts 
with pH to stabilize it and should be closely monitored. Ammonia, nitrites and ni-
trates are broken down by natural nitrifying bacteria under balanced conditions. At 
elevated pH, more ammonia remains in its un-ionized toxic form. Dissolved oxy-
gen in wetlands utilized by northern leopard frogs should be 80% saturated or 
higher which is temperature and elevation-dependent. [5] CO2 is a natural by-
product of respiration and decomposition. Excessive releases of CO2 could drasti-
cally lower the pH of wetlands. [6] As a result of their semi-permeable skin, am-
phibians typically cannot live in an environment with a higher concentration of sa-
linity then their own body fluids.  
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14. Additional reading. Read the articles “Northern Leopard Frog Survey 
and Wetland Assessment” and “Frogs and Toads as Biological Indicators in 
Environmental Assessment” (appendix 1). Compare the ideas contained in it 
with the information you’ve already got. 

Speaking practice 

15. In pairs watch the video “Frogs - Nature Talks” making notes on the fol-
lowing questions. Discuss them with a partner. If required consult Appendix 2. 

• What percentage do frogs and toads make of amphibian species? 
• What is the reason for increasing frog disappearance? 
• What clues about the health of our planet do frogs provide? Why? 

16. In the same pairs report what new you have found out about frogs. Feel 
free to add details to your partner’s statements. Use the following phrases. 

I’d like to add that ... 
Another point is that ... 
Furthermore ... 
besides,  
what is more… 

17. As a class, watch the whole video “Disappearing frogs” to get the gen-
eral idea of it. 

18. In pairs watch the first part of the video. [0:00- 3:25] and discuss the 
questions. 

1. What is Vance Vredenburg’s occupation? 
2. What alarming things have Vance’s team found in Sierra Nevada? 
3. Why do they think the frogs have been disappearing? 
4. What are they (Vance Vredenburg and Karen Swain) looking for now? 

Why? 
5. What will they do if they find a red legged frog? 

19.  Watch the video [3:25 - 5:35] and complete the following sentences. 
1. Bob Drewes says that a problem of frogs is a problem of:  
- ecology 
- ecosystem 
- environment 
2. Bob Drewes claims that something is happening to: 
- global cosmetics industry  
- global structure 
- global reexamination  
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3. According to Drewes humans have generated a problem with: 
- human health 
- land and water 
- frog suicide   
4. ……… mention that frogs can serve as sentinels.  
- Bob and Vance 
- Karen and Vance  
- Bob and the narrator  

20. In small groups discuss the following questions. Use the given prompts.  
If required consult Appendix 2 

• Why can frogs tell us a lot about what's going on in the ecosystem? 
• What are the threats that frogs are facing nowadays?  

introducing a 
point stating something as a fact drawing 

conclusions 
First of all I’d 
like to point out.. 
The main prob-
lem is ... 
To start with, … 

As everyone knows ... - It is gener-
ally accepted that ... 
There can be no doubt that ... 
It is generally accepted that ... 

It follows from this 
that ... 
Finally, I would 
like to say ... 
Taking everything 
into consideration / 
account I can say 
that ... 

21. Render the article in 5-7 sentences using Appendix 2. 

Why We Must SAVE THE FROGS! 

http://savethefrogs.com/why-frogs/index.html 

“When we save the frogs, we’re protecting all our wildlife, all our ecosys-
tems and all humans.”  

-- Dr. Kerry Kriger, Founder & Executive Director of SAVE THE FROGS!, 
Washington DC, Save The Frogs Day, April 29 2011 

"And what is there to life if a man cannot hear the lonely cry of a whippoor-
will or the arguments of the frogs around a pond at night?" -- Chief Seattle, 1854 

Frogs are an integral part of the food web 
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Tadpoles keep waterways clean by feed-

ing on algae. Adult frogs eat large quantities of 
insects, including disease vectors that can 
transmit fatal illnesses to humans 
(i.e. mosquitoes/malaria). Frogs also serve as 
an important food source to a diverse array of 

predators, including dragonflies, fish, snakes, birds, beetles, centipedes  and  even  
monkeys.  Thus,  the  disappearance  of  frog populations disturbs an intricate food 
web, and results in negative impacts that cascade through the ecosystem. 

Frogs are bioindicators 

Most frogs require suitable habitat in both the terres-
trial and aquatic environments, and have permeable skin 
that can easily absorb toxic chemicals. These traits make 
frogs especially susceptible to environmental disturb-
ances, and thus frogs are considered accurate indicators of 
environmental stress: the health of frogs is thought to be 
indicative of the health of the biosphere as a whole. Frogs 

have survived  in  more  or  less  their current  form  for 250 million  years, having 
survived countless ice ages, asteroid crashes, and other environmental disturb-
ances, yet now one-third of amphibian species are on the verge of extinction. This 
should serve as an alarm call to humans that something is drastically wrong in the 
environment. 

Frogs are important in medical research that benefits humans 

Frogs produce a wide array of skin secretions, many of which have signifi-
cant potential to improve human health through their use as pharmaceuticals. Ap-
proximately 10% of Nobel Prizes in Physiology and Medicine have resulted from 
investigations that used frogs. When a frog species disappears, so does any prom-

ise it holds for improving 
human health.  

A group of Russian re-
searchers found over 76 dif-
ferent antimicrobial peptides 
on the skin of the European 
Common Brown Frog (Rana 
temporaria). "These peptides 

could be potentially useful for the prevention of both pathogenic and antibiotic re-
sistant bacterial strains" the scientists concluded. The   Northern 

Gastric Brooding Frog (Rheobatrachus vitellinus) lived exclusively in the 
Eungella Range in Queensland, Australia. These amazing frogs could actually shut 
down their gastric juices while rearing their young inside their stomachs!    

93 

 

http://phys.org/news/2012-12-frog-in-bucket-of-milk-folklore-potential-antibiotics.html%23jCp
http://phys.org/news/2012-12-frog-in-bucket-of-milk-folklore-potential-antibiotics.html%23jCp


 
They therefore held great promise for advances in human medicine, as re-

search on these frogs may have resulted in a cure for peptic ulcers, which affect 25 
million people in the United States alone. Unfortunately, the gastric-brooding frogs 
vanished within a few years of being discovered by scientists. The health of hu-
mans and frogs is clearly intertwined.  

Ethics 

Frogs are an integral part of our existence on this planet and have every bit as 
much right to exist as do we. Moreover, if we allow one-third of the world's am-
phibians to disappear, we set a bad precedent: perhaps future generations will use 
our irresponsible actions to justify allowing another third of amphibians or a third 
of the birds or reptiles to disappear. We caused the problem, so it's our responsibil-
ity and moral duty to make the necessary sacrifices and changes to SAVE THE 
FROGS! 

Please help SAVE THE FROGS! by donating, becoming a member, spread-
ing the word, and/or volunteering for us. 

Writing practice 

22. Carry out a short research. Search for information about “Frogs are 
Green” movement. Report the results. 

23. Analyse all the information you have obtained from the unit, summa-
rise it and prepare the presentation on the topic “Frogs as bioindicators”. 
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UNIT SEVEN 

Tiny Water Flea's Promising Role: Environmental Monitor 

1. Look through the following quotations and try to outline the problems to 
be discussed. 

Prof. Teresa Crease, Integrative Biologist, is part of an international team that 
has sequenced the entire genome of Daphnia pulex, whose roughly 31,000 genes 
are the most of any organism yet sequenced. Ten years after publication of the hu-
man genome with its 23,000 genes, this is the first crustacean whose genetic code 
has been sequenced. Published last week in Science, the paper attracted headlines 
around the world, from major scientific journals to the Toronto Star and CBC 
News. 

According to “Environmental Inquiry” – Authentic scientific research for 
high school students - Daphnia are sensitive to dissolved oxygen, pH, and chemi-
cal contaminants; nevertheless it is not difficult to maintain healthy cultures. 

Environmental Toxicology and Chemistry Journal reports that toxicity bioas-
says were conducted to quantify water quality conditions under which silver, as 
silver nitrate, is toxic to rainbow trout, fathead minnows and Daphnia magna by a 
group of scientists in 1999. 

Vocabulary practice 

2. Study the following words. 
1 a flea блоха 11 chitin хитин 
2 a carapace щиток ракообразных 12 to hatch вылупиться (из яиц, 

икры) 
3 transparent прозрач-

ный,просвечивающий 
13 gestation беременность 

4 to resurrect воскресать, возрождаться 14 dormant находящийся в спяч-
ке 

5 extra-
cellular 

внеклеточный 15 to enhance увеличивать, усили-
вать, усугублять 

6 to withstand выдержать, противостоять 16 a brood выводок 
7 a primary 

producer 
первичный продуцент 17 a brood 

chamber 
выводковая камера 

8 a consumer консумент 18 circulatory  кровеносный 
9 saturation насыщение 19 to inhibit препятствовать, 

сдерживать, подав-
лять 

10 hemoglobin  гемоглобин 20 minute  мелкий, мельчайший 
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3. Do you know the pronunciation of the following words? Check your an-
swers using a dictionary, mind the stress. 
a.  carapace d.  circulatory g. antennule j.  predators m. metabolism 
b.   hemoglobin e.  hypoxic h. antennae k.  transparent n.   microscope 
c.   chitin f.   armour i. gestation l.   molecule o.   disturbance 

4. Do you know the following words? If yes, can you say why? Which word 
is “one odd out”? Why? 
organ 
antennae 

period 
circulatory  

synthesize  
genome 

hemoglobin 
molecule 

filter  
technique 

5. Match the terms with their definitions. 
 1 filter feeder a an animal that sucks blood 
2 arrested 

development 
b liquid found between the cells of the body that pro-

vides much of the liquid environment of the body 
3 bloodsucker 

 
c body protection 

4 hypoxic 
conditions 

d an animal that obtains its food by filtering organic 
matter or minute organisms from a current of water 

5 interstitial fluid 
 

e a small antenna, especially either of the first pair of 
antennae in a crustacean. 

6 armour f a sharp hard animal spinal appendage 
7 antennule g a lack of oxygen in a biotic environment 
8 tail spine h protective sharp head covering 
9 pointy helmet i methods on the forefront of technology 
10 tooth-like neck 

spikes 
j a sharp-pointed neck projection looked like teeth 

11 cutting-edge 
techniques 

k delayed series of changes which animal and vegetable 
organisms undergo in their passage from the embry-
onic state to maturity 

6. Complete the following sentences with the correct derivative of the word 
in bold. If needed, consult the options given in the table at the end of the vocabu-
lary section. 
1 During asexual …………. eggs develop in the females  

bodies without male ……………….  
breed 
fertilise 
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2 

Due to its transparent carapace, this species tends to be the color of what it is currently eating. 

Increased water …………… may result in Daphnia mortality 
and  
……………………. in reproductive success.  

salt 
alter 

3 
If conditions are not favorable, or if they have been produced sexually, eggs will be released into an ephippium, a hard, protective casing, where eggs enter diapause before hatching when conditions are more favorable.  

Daphnia may be used in certain environments to test the water 
toxicity which makes them an ……….. species, particularly use-
ful because of its short lifespan  
and …………… capabilities. 

 
indicate 
reproduce 

4 During ……………. weather conditions Daphnia  
can ………… resting eggs, which can withstand time, heat, cold, 
and drought. 

favour 
product 

5 Under …………… environmental conditions Daphnia  
can increase hemoglobin  …………... 

stress 
produce 

If conditions are not favorable, or if they have bee n produced se xually, eggs will be relea sed into a n ephi ppium, a har d, prote ctive casing, where eggs enter dia pause before hatching whe n conditions are more favora ble.  

7. Use the given terms instead of the underlined phrases. 
a. hypoxic 
conditions 

d. carapace g. gestation j. hatch m. resurrected 

b. primary 
producers 

e. respiration h. transparent k. mature n. cutting-edge 

c. brood chamber f. circulatory i. withstand l. Daphnia  
 
1. Water fleas are small crustaceans that live in fresh water such as ponds, 

lakes, and streams. 
2. Due to their clear 2. hard outer chitinous covering, they will appear red 

when hemoglobin production has increased. 
3. Their outer covering is 3. able to be seen through with clarity, so many in-

ternal organs can be seen, especially the beating heart.  
4. Females are usually larger than males and have 4. an egg pouch under their 

outer carapace where eggs are carried. 
5. After staying dormant in lake sediment for decades Daphnia populations 

can be 5. brought back to life and compared with modern hatchlings. 
6. Daphnia can detect the presence of chemicals released by predators and in 

response can grow larger head and tail spines or develop through a shorter 6. peri-
od during which an embryo grows. 

7. When Daphnia are exposed to 7. a reduced concentration of dissolved ox-
ygen in a water body the reaction is to increase hemoglobin production. 

8. Daphnia eat the 8.  organisms that produce bio-mass from inorganic com-
pounds such as algae, yeast, and bacteria but are the prey of tadpoles, salamanders, 
newts, aquatic insects, and many types of small fish. 
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9. Within closed 9. blood-pumping system hemoglobin serves as an oxygen 

carrier, removes carbon dioxide produced by metabolism, and regulates the pH of 
the blood.  

10. Using 10.  modern techniques, they were able to find out how the water 
flea genome reacts to various environmental stresses. 

11. Invertebrates, such as Daphnia, obtain oxygen for 11.  breathing through 
diffusion. 

12. D. pulex seems to do well at almost any temperature above 10oC. Moina 
12. remains undamaged or unaffected by extremes even more, resisting daily varia-
tions of 5-31oC.  

13. Daphnia 13.  become fully developed in just a few days, so it does not 
take long to grow a culture of test organisms.  

14. Fertilized eggs are released from the female's body and will have to go 
through several cycles of freezing and thawing before the embryos 14. emerge 
from eggs. 

8. Translate the given words and phrases. Complete the sentences using 
them. 
a. get fertilized d. without breeding g. genome j. live embryos 
b. predators e. brood chambers h. no longer viable k. stressed 
c. distinguish f. hemoglobin i. filter feeder l. adaptability 

 
1. In fact, Daphnia is a 1. …………. and a crustacean, not a flea. 
2. In a good environment, most Daphnia are female and will reproduce 2. 

………….., through a natural form of cloning. When reproducing this way, the 
eggs do not 3. …………, so the young are exact copies of their mothers. 

3. The unfertilized eggs develop into 4. ………..inside the female's body, and 
the young are released into the environment within two to three days. 

4. It is difficult to 5. ………………male and female Daphnia. They are basi-
cally identical except that males are generally smaller in size, have larger anten-
nules, and the first legs have a firm hook used in hugging the female during copu-
lation. 

5. If the 6. …………are full of embryos or eggs with no protective coating, 
you can conclude that the Daphnia are not 7. …………….. 

6. But perhaps the most impressive example of the water flea's 8. ………..is 
its armour. When D. pulex senses chemicals in the water given off by 9. 
………such as fish, it starts growing defenses, including long tail spines, a pointy 
helmet, and tooth-like neck spikes. 

7. The minute creatures – Daphnia - boast the largest 10. ……………..of any 
animal studied. 
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8. The red water fleas aren’t bloodsuckers; they produce more 11. 

…………………, the protein that binds oxygen and turns blood red, when they 
live in low-oxygen waters. 

9. Even after the dormant eggs are 12. ………………their DNA remains for 
hundreds or thousands of years. 

9. Complete the sentences using words in bold. Use two to five words. 
1. Owing to their jumping swimming style Daphnia are known as ‘water 

flea’. 
due  Daphnia are commonly called ……………………….. jerky swimming 

motions. 
2. Although some Daphnia species can be identified without a microscope, 

the others can’t. 
eye Some types of Daphnia can be ……………………………….., while 

others must be identified with a microscope. 
3. Through a microscope you can measure their heart rate or observe whether 

or how much they have been eating. 
rate Through a microscope you can measure both their heart rate 

………………………….. 
4. Daphnia can’t tolerate changes in water toxicity, which can be monitored 

through changes in heartbeat. 
to Daphnia …………………………. in water toxicity, which can be 

monitored through changes in heartbeat.  
5. The enlarged head and tails spines of D. lumholtzi inhibit predation by 

fish.  
hard  It’s ……………………………….. on D. lumholtzi with enlarged head 

and tails spines. 
6. In all arthropods and most mollusks there is no distinction between blood 

and interstitial fluid.  
don’t The researchers ………………………………. blood and interstitial 

fluid in all arthropods and most mollusks. 
7. You can’t encounter Daphnia in sea waters because they are typically 

freshwater organisms. 
species Daphnia are typically freshwater organisms and there 

………………………….. of the Daphnia. 
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8.  Daphnia’s ability to survive in an oxygen poor environment is in their 

ability to synthesize hemoglobin. 
having ……………………………………. synthesize hemoglobin Daphnia 

wouldn’t survive in hypoxic conditions. 
9. A pH level between 6.5 and 9.5 for Daphnia is acceptable. 

withstand .............................................................. a pH level between 6.5 and 9.5. 
10. In contrast to their tolerance of low oxygen, Daphnia are very sensitive to 

disturbances of the ionic composition of their environment. 
however Daphnia is ……………………………………….. they are very sen-

sitive to disturbances of the ionic composition of their environment. 
11. Daphnia fit the stressful conditions by producing both male and female 

embryos. 
adapt  When the environment becomes stressful, Daphnia 

…………………………………… well as female embryos. 
12. In addition, the fertilized eggs are enclosed in tough shells which help to 

protect them until the environment once again betters. 
order  ………………………………………... until the environment once 

again becomes favorable fertilized eggs are enclosed in tough shells. 

10. Translate the texts into English. 
1. Дафния проявляет некоторое количество естественных реакций на 

стрессовое состояние окружающей среды и часто используется как биоинди-
катор здоровья водоёмов. 

2. Водяная блоха получила свою кличку из-за того, что первые 
наблюдатели все время натыкались (наталкивались) на кроваво-красные 
экземпляры.  

3. Первые экземпляры были найдены красными, из-за удивительной 
способности этого животного производить больше гемоглобина в ответ на 
нехватку кислорода в воде (гипоксию). 

4. При неблагоприятных условиях окружающей среды Daphnia может 
повысить производство гемоглобина, что позволяет ей выжить в условиях 
гипоксии.  

5. Если состояние воды возвращается к норме, то Daphnia может сни-
зить производство гемоглобина. 

6. Дафния  может так же переключаться туда и обратно (to switch back 
and forth) между половым и бесполым  способом размножения, и, размножа-
ясь бесполым путём, может решать иметь ли все мужское или все женское 
потомство. 

7. Ставши взрослыми, эти особи размножаются и производят оплодо-
творенные яйца, заключенные в прочные защитные оболочки. 
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8. Колебания в популяции Дафнии могут вызывать чрезмерный рост 

водорослей, радикальное снижение популяции рыб, и может даже влиять на 
бóльших животных, которых едят люди. 

9. Дафния является достаточно стойкой по отношению к фосфору и 
может переносить его концентрацию от 5 до 7  миллионных долей. 

10. Аммиак (Ammonia), как правило, высоко токсичен для всех орга-
низмов, даже в небольших количествах, но в щелочных условиях токсич-
ность радикально увеличивается, и это может коренным образом ослабить 
воспроизводство Дафнии, но фактически не повлияет на здоровье самих жи-
вотных. 

Additional options for ex.5 
1 breed breeder breeding bred inbreed 
1 fertile fertility fertilisation fertiliser fertilised 
2 salted saline salinity salt - 
2 alterity alteration altering alterable alterant 
3 indicator indicated indication indicative indicating 
3 reproducer reproduced reproduction reproducibility reproducible 
4 favoured unfavourable favourable favourite  favourless 
4 produce producer production productive producible 
5 unstressed stressful stressor stressless stressfulness 
5 product producer production productive producible 

Reading practice 

Seeing Red 

11. Read the text. Mark the statements below as true, false or doesn’t say 
(the article says nothing about it) 

Daphnia are freshwater zooplankton found in ponds and lakes all over the 
world. 

Daphnia are commonly called ‘water flea’ due to their jerky swimming mo-
tions. Some types of Daphnia can be seen with the human eye, while others must 
be identified with a microscope. Depending on the species they can range in size 
from 0.5mm to 1cm. Their outer covering, or carapace (the thick shell that covers 
the back of animals and serves to protect or isolate from external influence), is 
transparent, so many internal organs can be seen, especially the beating heart. On 
the head there is a compound eye and a pair of antennae, which are used for 
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swimming. Females are usually larger than males and have a brood chamber under 
their outer carapace where eggs are carried. 

Daphnia exhibit a number of natural responses to envi-
ronmental stress and are often used as a bioindicator of water 
body health. Daphnia can detect the presence of kairomone 
chemicals (a subclass of pheromone, defined as an interspe-
cific secretion which benefits the receiver) released by preda-
tors and in response can grow larger head and tail spines or 
develop through a shorter gestation period. They are extreme-
ly sensitive to changes in water toxicity, which can be moni-
tored through changes in heartbeat or Daphnia death. When 
Daphnia are exposed to hypoxic conditions (a reduced con-
centration of dissolved oxygen in a water body leading to 
stress or even death in aquatic organisms) the reaction is to 

increase hemoglobin production. Due to their clear outer carapace, they will appear 
red when hemoglobin production has increased.  

Daphnia are also an extremely important part of aquatic food chains. They 
eat primary producers such as algae, yeast, and bacteria but are the prey of tad-
poles, salamanders, newts, aquatic insects, and many types of small fish. Fluctua-
tions in Daphnia populations can cause algae overgrowth, a drastic drop in fish 
populations, and can even affect larger animals caught or eaten by humans. 

 

Daphnia. pulex 

The most common bioindicator spe-
cies of Daphnia are D. pulex and D. magna 
(the larger of the two). At present the only 
method available to assess Daphnia popula-
tions in the wild is microscopic identifica-
tion after aquatic sampling. This method is 
time consuming when large samples must 
be processed.  

Invertebrates, such as Daphnia, obtain 
oxygen for respiration through diffusion. 
These animals’ hearts, generally found in  

 

Daphnia magna 

 

the upper central portion of the back, pump blood forward to the animal's brain 
through thin-walled  vessels  and  somatically  through  channels  or spaces in the 
tissues. Oxygen molecules along with water and other dissolved macromolecules 
are carried throughout the Daphnia. Under stressful environmental conditions 
Daphnia can increase hemoglobin production allowing it to survive in hypoxic 
conditions. If water conditions return to normal, Daphnia can lower hemoglobin 
production. 

daphnia 
carrying eggs 
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1. Daphnia can live in both freshwater and brackish water bodies. 
2. Daphnia is called water flea as it looks like a real flea. 
3. Using a microscope you can see daphnia’s heart beating. 
4. Male daphnia do not normally take care of their offspring. 
5. Daphnia enlarge its head and tail spines in reaction to predators’ presence 

nearby. 
6. Larger head and tail spines prevent daphnia from swallowing.  
7. Daphnia become red when it is ashamed. 
8. Water toxicity can kill daphnia. 
9. The reduced daphnia population can threaten the wellbeing of fish popula-

tion. 
10. The reduced daphnia population can provoke eutrophication. 

12. Read the text. Divide it into 6 paragraphs. Choose the most suitable 
heading from list 1-7 for each paragraph. There is one extra heading you don’t 
need to use.  

Daphnia Physical Requirements 

1. Acidity  
2. Dissolved minerals 
3. Hardness 
4. Oxygen 
5. PH and ammonia 
6. Salinity 
7. Temperature 
Daphnia are typically freshwater organisms and there are no marine species 

of the Daphnia genus. 99% of them are found in freshwater, and the remaining few 
species are mostly found in brackish, not sea water. Some species have been ob-
served in salinities up to 4 ppt*, while salinities of 1.5 to 3.0 ppt are common in 
ponds. Daphnia are generally tolerant of poor water quality, and dissolved oxygen 
varies from almost zero to supersaturation. Their ability to survive in an oxygen 
poor environment is in their ability to synthesize hemoglobin. The production of 
hemoglobin may be promoted by high temperatures, and a high population. A pH 
between 6.5 and 9.5 is acceptable, with the optimum being between 7.2 and 8.5. 
Ammonia is generally highly toxic to all organisms, even in small amounts, but in 
alkaline conditions, the toxicity is radically increased, and this will drastically im-
pair Daphnia reproduction, but will not affect the actual health of the animals 
themselves. In general, the more extreme the pH, the higher the toxicity of dis-
solved minerals and gases. In contrast to their tolerance of low oxygen, Daphnia 
are very sensitive to disturbances of the ionic composition of their environment. 
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They become immobile and eventually die with the addition of salts like sodium, 
potassium, magnesium, and calcium. Low concentrations of phosphorus (less than 
0.5 ppm) will stimulate reproduction, but concentrations higher than 1.0 are lethal 
to the young. Daphnia magna are quite resistant to phosphorus and can withstand 
concentrations as high as 5-7 ppm. Daphnia are not affected by the addition of ni-
trogen in fertilizers for the promotion of algae growth. Concentrations of only 0.01 
ppm copper will result in reduced movement in Daphnia. They are extremely sen-
sitive to metal ions like copper and zinc, pesticides, detergents, bleaches and other 
dissolved toxins. For this reason, they are often used to test waste-water from in-
dustry. Municipal and well water may be contaminated enough to kill the culture. 
A small degree of temporary and permanent hardness in the water usually encour-
ages growth and reproduction because Daphnia make use of calcium and other 
minerals in their chitinous carapaces. D. magna tends to prefer harder water (170 
mg carbonate hardness) and D. pulex a little less hard (90 mg carbonate hardness). 
Daphnia have a wide tolerance to temperature. The optimum temperature for 
Daphnia magna is 18-22 oC. D. pulex seems to do well at well at almost any tem-
perature above 10oC. Moina withstand extremes even more, resisting daily varia-
tions of 5-31oC; their optimum being 24-31oC.  
*ppt- parts per thousand or parts per trillion  

13.  You are going to read the article about water fleas. Six sentences have 
been removed from it. Choose from the sentences A-G the one which fits each 
gap (1-6). There’s one extra sentence you do not need to use. 

Adaptations of Daphnia to Environmental Stress 

   
Female with asexual 
(unfertilized) eggs that 
will develop into live em-
bryos before 
 being released from the 
mother's body 

Female with empty brood 
chamber 

Female with sexual 
resting eggs encased in 
tough shells. These will 
be released from the 
female and will hatch 
when environmental 
conditions become fa-
vorable. 
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A. Both these signs are used to measure stress. 
B. Daphnia body is enclosed by a transparent shell-like structure, called car-

apace, which is mostly made of chitin.  
C. If you see eggs encased in protective shells that is a sign of unfavorable 

environmental conditions. 
D. In addition, the fertilized eggs are enclosed in tough shells which help to 

protect them until the environment once again becomes favorable. 
E. They are basically identical except that males are generally smaller in size. 
F. They mature in just a few days, so it does not take long to grow a culture 

of test organisms.  
G. When reproducing this way, the eggs do not get fertilized, so the young 

are exact copies of their mothers. 
Daphnia, popularly known as water fleas, are small crustaceans that live in 

fresh water such as ponds, lakes, and streams. They serve as an important source of 
food for fish and other aquatic organisms. Daphnia are excellent organisms to use 
in bioassays because they are sensitive to changes in water chemistry and are sim-
ple and inexpensive to raise in an aquarium. [1] 

Because Daphnia are transparent, it is possible to conduct bioassays using 
endpoints other than death. For example, through a microscope you can measure 
their heart rate or observe whether they have been eating. [2] 

In a good environment, most Daphnia are female and will reproduce without 
breeding, through a natural form of cloning. [3] The unfertilized eggs develop into 
live embryos inside the female's body, and the young are released into the envi-
ronment within two to three days. 

When the environment becomes stressful, Daphnia adapt by producing male 
as well as female embryos. Once they become mature, these individuals breed and 
produce fertilized eggs that are encased in tough protective shells. These are re-
leased from the female's body and will be able go through several cycles of freez-
ing and thawing before they hatch. 

It is difficult to distinguish male and female Daphnia. [4] They have larger 
antennules (a small antenna, especially either of the first pair of antennae in a crus-
tacean), and the first legs have a stout hook used in clasping the female during mat-
ing. Rather than trying to identify males to detect stressful environments, it is much 
simpler to inspect the brood chambers of females.  

[5] If the brood chambers are full of embryos or eggs with no protective coat-
ing, you can conclude that the Daphnia are not feeling stressed. 

Why do Daphnia respond to stress by reproducing sexually rather than 
through cloning? In this way, they produce young that are not exact copies of their 
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mothers, and some of the babies may be better adapted than others to the stressful 
environment in which they must live. [6] This is a useful adaptation for organisms 
that live in ponds or other water bodies that may dry up for part of the year: alt-
hough the adults will die, their eggs are adapted to surviving until the environment 
once again becomes favorable. 

14. Complete the sentences below. Your answers must be related to the ide-
as contained in the texts (ex.11, 12 and 13) 

1. Daphnia carapace is ………….. 
2. You can see daphnia’s heart beat because………………… 
3. Daphnia becomes red if……………………., because…………………. 
4. Daphnia is a consumer because…… 
5. Daphnia can tolerate ……………… conditions and is sensitive to 

………………………… 
6. ……………………………..kill Daphnia. 
7. Daphnia reproduce by cloning if………………. 
8. Daphnia reproduce sexually if………………. 
9. Daphnia reproduce sexually because……………… 
10. To detect stressful environments you should …………………………. 

15. Additional reading. Read the article “Tiny Water Flea's Promising 
Role: Environmental Monitor” (appendix 1). Compare the ideas contained in it 
with the information you’ve already got. 

Speaking practice 

16. In pairs watch the video “Observing Daphnia heart rate” and discuss 
the following statements. Which of them are correct? Which are not? Prove your 
point of view. Make use of the phrases below. 

 If required consult Appendix 2. 
expressing agreement expressing doubt expressing opinion 
I quite agree 
That sounds logical to 
me.  
That’s true  

I doubt that very much, 
because… 
It is not very likely ... 
It is not as simple as it 
seems. 

I might be wrong but ... 
If I am not mistaken ... 
From what I know ... 

 
1. Mary conducted the experiment on two types of daphnia. 
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2. To carry out the experiment you need to make the controlling measure-

ment first. 
3. You have to cut the end of the pipette off because Daphnia magna is too 

big. 
4. You have to remove all the water from the slide, before placing it under 

the microscope. 
5. For being precise you have to count daphnia’s heart rate 15 times. 
6. For measuring the effects of cold temperatures on Daphnia you'll need to 

store water during a spring time in a special jar. 
7. The temperature is measured in the smaller cup. 
8. Distilled water is poisonous to daphnia. 
9. Using chemicals or liquids to observe the change in daphnia heart rate is 

forbidden as it kills daphnia for certain. 
10. After the experiment you can use the rest of your daphnia as fish food. 

17. With a partner discuss which of the given sentences (A-K) suits best to 
each gap (1-9) in the transcript. There are two extra sentences you don’t need to 
use. Watch the video to check your answers. 

A. Daphnia are easy to culture, requiring only water containing bacteria or 
their equivalent for food. 

B. Do not use a cover slip as this will crush the Daphnia. 
C. Do not use the distilled water either. 
D. First locate the heart on a diagram of daphnia anatomy. 
E. If Daphnia are left for a long period of time in test substances that are not 

water, they may die before you're able to observe their heartbeat.  
F. Multiply this number by four and you have the heart rate for one minute. 
G. Pour spring water into the small cup and add several Daphnia from the 

cultures jar using the pipette. 
H. The use of Daphnia magna as an experimental animal for such purposes is 

advantageous in many respects. 
I. This process can be repeated for warmer temperatures. 
J. Today I'll show you how to set up the popular heart rate measurement ex-

periment using Daphnia magna. 
K. Turn on the microscope and using the lowest power objective locate the 

Daphnia on the side. 
Hi. I’m Mary Haugen, a biologist from Carolina Biological Supply Compa-

ny. 
1…………………………………………………. 
We offer two types of Daphnia. Daphnia pulex are smaller and are often used 

in feeding studies, whereas  
Daphnia magna are larger and have a heart that is easier to view with a mi-

croscope.  
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To begin you'll need a few supplies: a light microscope, concavity slides, a 

pipette, scissors, a culture of Daphnia magna, a stopwatch and a diagram of daph-
nia anatomy. 

To understand the effect temperature change has on heart rate you’ll need a 
baseline for comparison. 

2…………………………………………………….. 
Do not force large Daphnia through a narrow pipette tip. 
If necessary use scissors to remove the end of the pipette at a 45 degree an-

gle. 
Use a pipette to capture a single Daphnia, place the Daphnia in a well of the 

concavity slide. 
3…………………………………………………………… 
The Daphnia must have water around it to survive observation; however you 

can remove excess water with the pipette. 
4……………………………………………………………… 
Increase magnification until the heart is located just under the anterior dorsal 

surface behind the ice pop. 
Using the stopwatch count the heart beats for 15 seconds. 
5……………………………………………………………… 
To make watching, timing and counting easier you can tap out the beats us-

ing a marker and a sheet of paper.  
When measuring the effects of cold temperatures on Daphnia you'll need a 

few more supplies than you already have set up.  
Obtain a thermometer, ice, bottled spring water and 2 clean cups, so that one 

fits inside of the other. 
6………………………………………………………………… 
Place the thermometer inside the small cup noting the temperature. Add ice 

to the bottom of the large cup, then set the small cup inside at the larger cup. 
Add spring water into the larger cup. We use spring water throughout this 

setup since tap water contains chlorine which is toxic to Daphnia. 
7………………………………………………………………… 
Weigh and monitor the temperature as it decreases. 
To prevent heating the cool Daphnia too quickly turn the microscope light off 

until you're ready to observe the heartbeats. 
8…………………………………………………………………. 
Use a hot pot or microwave to heat the water till hot but not boiling, use cau-

tion when handling hot water and use heat proof containers. 
If using different chemicals or liquids to observe the change in heart rate, 

simply apply a drop of the liquid directly to the Daphnia while it is on the slide. 
9………………………………………………………………………. 
When finished, the culture can be poured down the drain and rinsed with hot 

tap water or you can feed them to freshwater fish in a classroom aquarium. 
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There are many ways to conduct this experiment but we hope this gives you 

a good starting point 
Visit Carolina.com/Daphnia to see all of our related products.  

18. In small groups underline the keywords and phrases from the tran-
script which would help you describe the procedure. Tell how to conduct the ex-
periment using sodium solution. Feel free to add details to your partner’s state-
ments.  

19. As a class, watch the video “Daphnia Heartbeat” and synchronize it.  

20. Render the article in 5-7 sentences using Appendix 2. 

Environmental Inquiry 

Authentic Scientific research for high school students 
http://ei.cornell.edu/toxicology/bioassays/daphnia/default.html 
Daphnia Bioassays Using Salt (NaCl) 

In conducting a bioassay, populations of organisms are exposed to various 
concentrations of a chemical to determine its toxicity. A specific response or end-
point is selected for measurement. Example endpoints for Daphnia include death, 
increased heart rate, or decreased appetite. In this experiment, we will measure 
Daphnia death rates at various concentrations of salt.  

It is best to use Daphnia that are the same age, preferably newborns, to min-
imize biological variability among the test organisms. At each concentration, the 
number dead are recorded after a specified period of time. Once the general range 
of sensitivity is determined, further experiments can be carried out using smaller 
differences between the solution concentrations.  

Equipment  

• dissecting microscope 
• analytical balance 
• culture vessel approximately 10 gallons or greater 
• water chemistry kits (pH, hardness, dissolved oxygen) 

Materials  

• thermometer 
• transparent cups or beakers 
• microscope slide 
• 10 mL pipette 
• pipette with 5 mm diameter opening 
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• spring water or unpolluted stream water 
• Daphnia magna culture, mixed age 
• Chem Wipes or other tissues 
• food: possibilities include Roti-Rich (Ward Scientific), dried yeast, or 

unicellular algae such as Selenastrum 
• NaCl  

Procedure  

Making the Solutions 

First, make a 0.2M NaCl solution by mixing 11.69 g NaCl with enough dis-
tilled water to make 1 liter. Then label a series of beakers with the following con-
centrations: 0.2M, 0.1M, 0.075M, 0.05M, and 0.025M. Make up these concentra-
tions from the 0.02M solution using the proportions listed in Table 1:  

Table 1. Solution Concentrations  

Solution 
Concentration 0.2 M NaCl (mL) Distilled Water (mL) 

 100%   100    0  
 50%   50.0   50.0  
 37.5%   37.5   62.5  
 25%   25.0   75.0  
 12.5%   12.5   87.5  
 Control   0   100  

Carrying Out the Bioassay  
1. Prior to conducting the bioassay, check the Daphnia to ensure the culture 

is healthy. 
2. Working in groups of 2-4 students, select your test organisms. Although 

you may use mixed age populations for bioassays, it is better to use only young in-
dividuals in order to minimize biological differences among the test organisms. 
Because the appearance of resting eggs indicates a poor culture environment, do 
not use Daphnia with resting eggs. To obtain a good supply of young Daphnia, 
begin 24 hours in advance by removing females bearing embryos from the stock 
culture and placing them in 400-mL beakers containing 300 mL of spring or 
stream water and the appropriate amount of food. Five beakers, each containing 
10 adults, usually will supply enough young individuals for one toxicity test. When 
you are ready to begin your bioassay, choose young (small) Daphnia from these 
cultures. 
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3. Introduce the same number of neonates (at least 10) into each test vessel 

and control using a plastic, disposable pipette with a 5-mm diameter. Be sure to re-
lease the young below the surface to avoid killing them by trapping air under their 
carapaces. Record the time and number of young introduced into each labeled ves-
sel. 

4. Prepare a table that records the percent concentration, the time (1 hr, 
24 hrs, 48 hrs), and the total number of dead at each time interval. As close to one 
hour as possible, but prior to the end of the period, record the number dead at each 
concentration. Remember Daphnia molt to grow, so neonates will molt as they de-
velop. Therefore, do not count the molt castings, which appear as clear shells of the 
Daphnia on the bottom of each cup. Remove dead Daphnia and molt castings at 
each monitoring interval. 

5. Ideally it is best to check again in 4 hours and again after 24 hours. If 
schedules do not permit, just check at approximately one and 24 hours. Continue 
observations for a minimum of 48 hours or as long as there is not more than 10% 
death in the control population. Do not feed animals during tests. Steps 4-6 will 
take about 15 minutes of two consecutive class periods. 

6. At the end of the bioassay, test the water to determine the pH, hardness, 
and dissolved oxygen content. Count and record how many Daphnia in each dish 
have died, then analyze your data.  

Writing practice 

21. Carry out a short research. Search for information about how to raise 
Daphnia in an aquarium. Write down simple instructions for teenager amateurs. 

22. Analyse all the information you have obtained from the unit, summa-
rise it and prepare the presentation on the topic “Daphnia as bioindicators”. 
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UNIT EIGHT 

Using Snails in Heavy Metal Toxicity Bioassays 

1. Look through the following quotations and try to outline the problems to 
be discussed. 

US National Center for Biotechnology Information website has provided the 
article by Gormot, A, a French researcher, called “Effects of heavy metals on snail 
development. Use of snails as bio-indicators of heavy metal pollution for the 
preservation of human health” 

The scientists from Nigeria report that an array of toxicopathic organ or tis-
sue alterations were observed in this terrestrial snail, Archachatina marginata 
found in metal laden environment. These changes represent a biological end-point 
of contaminant exposure and as such this study reinforces the application of snails 
as a powerful tool for monitoring anthropogenic contamination of terrestrial envi-
ronments.  

According to Chemistry Central Journal the snail glands accumulate high 
amounts of heavy metals, and therefore, this organ can function as a reliable bi-
omarker for tracking heavy metal bioavailability in soil. Long-term exposure to 
heavy metals via contaminated food might influence the variability of shell traits in 
snail populations. Therefore, the Roman snail (Helix pomatia) is potential to be 
used in environmental monitoring studies as bioindicator of heavy metal pollution. 

Vocabulary practice 

2. Study the following words. 
1 a snail улитка 11 via посредством; путем; через 
2 gastropod моллюск из семей-

ства брюхоногих 
12 to excrete  

 
выделять 

3 elimination устранение, исклю-
чение 

13 viability жизнеспособность 

4 digestive пищеварительный 14 an agent вещество 
5 epithelial эпителиальный 15 to maintain поддерживать, сохранять 
6 ingestion  прием пищи  16 to reveal показывать, обнаружи-

вать 
7 trace  незначительное ко-

личество 
17 internal внутренний 

8 a gland железа 18 a refuge убежище, пристанище 
9 to culture выращивать, разво-

дить 
19 to facilitate способствовать 

10 to thrive процветать 20 a decomposer редуцент 
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Mind, please, that “acclimatization” is an American equivalent of British “adapta-
tion . 

3. Do you know the pronunciation of the following words? Check your an-
swers using a dictionary, mind the stress. 

a.  bioavailable d.  digestive g. diurnal j.  gastropod m. in situ 
b.   epithelial e.  viability h. retardation k.  extirpation n.   excrete 
c.   ingestion f.   decomposer i. capsule l.   toxicity o.   fluorescent 

4. Match the terms with their definitions. 
 1 route of 

exposure 
a changes of some bodily organs in response to an exter-

nal impact 
2 bioavailable 

metals 
b  shallow glass dish used in laboratory experiments and 

examinations 
3 organotropism c a small smooth rounded rock 
4 distilled water d active during the day 
5 diurnal  e a delay in the development 
6 Petri dish  f water from which mineral deposits and chemical agents 

have been removed 
7 an egg 

capsule 
g a chemical element present in extremely small quanti-

ties 
8 growth 

retardation 
h a way by which one substance permeates another 

9 stone pebbles i metals that are able to be absorbed into a living system 
10 biotope j a protective case enclosing eggs 
11 trace elements k the rate of excreting waste products 
12 elimination 

kinetics 
l small individual community 

13 absorption 
flows 

m the way by which a chemical comes into contact with 
an organism 

14 microcosms n the region of a habitat associated with a particular eco-
logical community 

5. Make nouns from the following verbs (table 1) and verbs from the given 
nouns (table 2). What can you see? 

1 
facilitate demise provide  interfere eliminate   thrive 
culture trace  monitor survive alter interfere 

2 
flood adaptation decomposer growth maintenance  variability  
logging indicator absorption sustenance excretion extirpation 

113 

 



 

6. Use the given terms instead of the underlined phrases. 
a. substrate d. culture g. inhibit j. freshwater m. organotropism 
b. maturation e. kinetics h. bioavailable k. prior to n. trace metals 
c. emergence f. extirpation i. distilled 

water 
l. decomposers  

 
1. Using snails in toxicity bioassays is an attractive method since they are 

easy to 1. grow in a controlled environment for scientific study in the laboratory, 
and can be fed on artificial diets with the desired amounts of metals, and respond 
quickly to metal contamination in the range of sublethal doses. 

2. Gastropod uptake via the foot epithelium cannot be ignored because of the 
large wet surface in contact with polluted 2. material on which an organism lives, 
grows, or feeds. 

3. Snails are capable of accumulating 3. able to be absorbed into a living sys-
tem metals in their organs and they present an important 4. changes of some bodily 
organs in response to an external stimulus (e.g. for the digestive glands and kid-
ney). 

4. The study tested the toxicity of Cd on the viability and 5. the process dur-
ing which the organism grows and develops of the newly hatched juvenile fresh-
water snails Physa acuta. 

5. The egg capsules were transferred to new Petri dishes containing 6. condi-
tioned water from which mineral deposits and chemical agents have been removed, 
small pieces of cleaned pebbles but no lettuce. 

6. The egg capsules were observed daily until hatching and 7. appearance of 
juvenile snails. 

7. The scientists analysed the accumulation and elimination 8. rate of change 
of cadmium in H. aspersa over a laboratory experiment.  

8. The native mollusks had evolved to co-exist with the native vegetation, 
and the changes have resulted in the local 9. extinction of the terrestrial molluscan 
fauna. 

9. The scientists do not know the mechanisms that 10. limit the range or ex-
tent of the growth of snails fed on metal-supplemented food. 

10. This study showed that under natural conditions, P. ovata is capable of 
bioaccumulating             11. metals in extremely small quantities to elevated levels 
especially Fe and Zn up to 10 times higher than that found in the sediment.  

11. Adult snails were collected from a local 12. water that is not salty pond 
and acclimatized to laboratory conditions in well water for 7 days 13. earlier in 
time or order to experiment. 

12.  Organisms that break down dead or decaying organisms consist of a 
large number of small plants and animals, and one of the minor groups is the ter-
restrial snails. 
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7. Translate the given words and phrases. Complete the sentences using 
them. 
a. soil ingestion d. inhibition in 

growth 
g. food chain 
transport 

j. mortality 

b. accumulate 
metals 

e. metal toxicity h. viability and 
mortality 

k. toxic effects 

c. aquatic 
vegetation 

f. life cycle i. epithelial 
absorption 

l. abundance and 
diversity 

 
1. It was intended to investigate whether snails could be used as a suitable bi-

oindicator for testing     1 .………….  
2. Growth, 2. …………….of these juvenile snails were observed weekly for 

12 weeks study. 
3. Terrestrial mollusks may play a major role in 3. ………………………of 

metals. 
4. Gastropods are known to 4. ………………better than many of other in-

vertebrates. 
5. The intoxication of the snail can result from 5. …………….but also from 

6. ………………of the contaminants. 
6. The fact that snail’s biological cycle is fully controllable facilitates the 

study of the 7. ………… of substances on any of the essential phases of their 8. 
……………. 

7. The natural 9. …………………, rocks and stone pebbles were also col-
lected from the same pond along with the snails. 

8. Further studies are required to find out if the 10. …………….of P. acuta 
in Cd contaminated medium is due to 11. ……………………or due to some other 
factors. 

9. Quantitative studies show that fires produce a decrease in overall snail 12. 
…………………... 

8. Complete the sentences using words in bold. Use two to five words. 
1. The fresh water snail, P. acuta is a suitable bioindicator for testing metal 

toxicity in vitro which was suggested in the present study according to the findings 
of the previous ones. 
based  …………………….. the previous studies, the present study suggests 

that the fresh water snail, P. acuta can be used as a bioindicator for test-
ing metal toxicity under laboratory conditions. 

2. The bioindication capacities of terrestrial snails have been assessed in la-
boratory experiments but, generally, the route of exposure retained in the experi-
mental design was the digestive one. 
main  The digestive route of exposure was generally ………………… the 

bioindication ability of terrestrial snails in laboratory experiments. 
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3. The researchers selected snails of similar weight and size, cleaned and 

placed them in the transparent aquaria before the experiment had been started. 
prior    ………………………experiment, snails of similar weight and size 

were selected, cleaned and kept in the transparent aquaria.  
4. Some pieces of fresh lettuce were provided in each Petri dish as a source 

of food. 
for  Some pieces of fresh lettuce were provided in each Petri dish 

…………………….. 
5. It is likely that Cd interferes with the growth of snails resulting into mor-

tality. 
prevents  Cd ……………………………….. growing that result into mortality. 

6. The snails become more common and diverse as they are traced into the 
foothills and mountains, being particularly abundant in the areas with strong winds 
and warmer temperatures.  
found  The ………………………… and mountains are more common and 

diverse, being particularly abundant in the areas with strong winds and 
warmer temperatures. 

7. All the species in the affected area will become extinct with the removal of 
the habitat except for the most resistant generalists. 
but  The removal of the habitat will cause the extirpation of 

…………………………….. generalist species in the affected area. 
8. Other causes of loss of the habitat include development of areas for hous-

ing, open-pit mining, and the grazing of cattle in the foothills.  
among  Development of areas for housing, open-pit mining, and the grazing of 

cattle in the foothills ………………………………. loss of the habitat. 
9. Agricultural changes result in fragmentation of the natural environments 

making recolonization of any damaged areas difficult, if not impossible for terres-
trial molluscs.  
hardly  It’s difficult or even ………………………….. for terrestrial molluscs 

to recolonize any of the damaged areas where agricultural changes re-
sult in fragmentation of the natural environments. 

10. Either the introduction of exotic grasses or the use of chemicals is the 
cause of the extirpation of snail species; but it hasn’t been found out yet. 
whether It is unclear ……………………………… of exotic grasses or the use 

of chemicals is the cause of the extirpation of this species. 
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11. Since snails can readily be monitored, they are convenient indicators of 

the health of the decomposer part of an ecosystem. 
reason  ……………………………………………. convenient indicators of 

the health of the decomposer part of an ecosystem is that they can easily 
be monitored. 

12. The objective of the study is to test how the toxicity of cadmium affects 
on the viability and growth of the newly hatched juvenile snails. 
aimed  The …………………………………….. the toxicity of cadmium on 

the viability and growth of the newly hatched juvenile snails. 

9. Translate the sentences into English. 
1. Молодые улитки P. Acuta, собранные и выращенные в лабораторных 

условиях, использовались как источник экспериментального материала. 
2. Улитки находятся в числе наиболее важных наземных биоиндикато-

ров загрязнения металлами, поскольку они способны накапливать большое 
количество металла в своих тканях. 

3. Вместо природной растительности, собранной на участке, молодым 
улиткам предоставили свежий салат-латук в качестве кормового материала. 

4. После двух дней адаптации этих улиток отделили по одной в каждую 
чашку Петри вместе с дистиллированной водой, несколькими камешками 
(галькой) и кусочками салата-латука. 

5. Сразу после того, как они вылупились, примерно 15-20 активных мо-
лодых улиток перенесли в новые чашки Петри, содержащие 60 мл дистилли-
рованной воды вместе с требуемой концентрацией кадмия. 

6. Улитки являются одним из многих биологических инструментов, ко-
торыми пользуются исследователи, чтобы охарактеризовывать загрязнение 
почвы, распознавать или прогнозировать ущерб экосистемам. 

7. Выживание наземных моллюсков зависит от влажности, наличия 
пищи и климатических условий. 

8. Рассеянные (остаточные) микроэлементы могут быть найдены в тка-
нях животных, которые едят улиток. 

9. Улитки, питающиеся едой, загрязненной тяжелыми металлами, пре-
терпевают задержку роста. 

10. Чем выше была концентрация кадмия в растворе, тем выше была 
смертность молодых улиток. 
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Reading practice 
The Fresh Water Growing Snail Physa acuta: A Suitable Bioindicator for 

Testing Cadmium Toxicity 

10. Read the first part of the text. Mark the statements below as true, false 
or doesn’t say (the article says nothing about it) 

 

a freshwater snail 

Snails and slugs are among the most im-
portant terrestrial bioindicators of metal pollution 
because they are able to accumulate large quantities 
of metals in their tissues. Terrestrial molluscs may 
play a major role in food chain transport of metals. 
Using snails in toxicity bioassays is an attractive 
method since they are easy to culture in the labora-
tory, and can be fed on artificial diets with the de-
sired amounts of metals, and respond quickly to 
metal contamination in the range of sublethal dos-
es. 

Freshwater  snails  have    been  used  to  study Cd    accumulation   in 
their  tissues. Gastropod  molluscs  are  known  to  concentrate  metals better than 
many of other invertebrates. The bioindication capacities of terrestrial snails have 
been assessed in laboratory experiments but, generally, the route of exposure re-
tained in the experimental design was the digestive one. However, in gastropods, 
uptake via the foot epithelium cannot be ignored because of the large wet surface 
in contact with polluted substrate. The intoxication of the snail can result from soil 
ingestion but also from epithelial absorption of the contaminants. Indeed, snails are 
considered as suitable diagnostic organisms for heavy metal contaminated sites. 
This is because they are able to accumulate bioavailable metals in their organs and 
they present an important organotropism for the digestive glands and kidneys. 
Moreover, snails satisfy all the conditions of a good biological indicator. The fact 
that snail’s biological cycle is fully controllable; it facilitates the study of the toxic 
effects of agents on any of the essential phases of their life cycle.  

1. Snails are notable for their ability to concentrate pollutant substances 
(such as metal trace metal elements) in their tissues. 

2. Snails are at the bottom of the food chain. 
3. Trace metal element can be found in the tissues of the animals that prey 

on snails. 
4. It is hard to breed snails in laboratories as they require special conditions. 
5. Snails exhibit acute visible response to metal contamination. 
6. Only by feeding snails obtain metal pollutants. 
7. The more contaminated the substrate is the sooner the snails die.  
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8. Glands and kidneys are the most susceptible to contamination snails’ or-

gans. 
9. Scientist can observe every phase of snail life cycle. 
10. The most vulnerable to trace metals are juveniles.   

11. Read the second part of the text. Divide it into 5 paragraphs. Choose 
the most suitable heading from list 1-6 for each paragraph. There is one extra 
heading you don’t need to use.  

1. Collection and culture of snails 
2. In situ testing   
3. Introduction  
4. Main testing of Cd toxicity 
5. Preparation of cadmium (Cd) solution 
6. Results 

 

The present study was designed to test the toxicity 
of Cd on the viability and maturation of the newly 
hatched juvenile freshwater snails Physa acuta. Also, it 
was intended to assess whether such parameter could be 
used as a suitable bioindicator for testing metal toxicity. 
Adult snails of Physa acuta were collected from the 
natural freshwater environment. They were cleaned and 
kept in transparent aquaria containing conditioned dis-
tilled water, along with cleaned rocks and stone pebbles 
to provide minerals. Instead of natural vegetation col-
lected from the site, fresh lettuce was provided as feed-
ing material. The aquaria were placed  

 

Physa acuta 

under white fluorescent tube light with automatic diurnal (12/12h light/dark period) 
control system and a continuous  aerating   system as  a  source  of  oxygen  sup-
ply.  After   two   days  of acclimatization, these snails were isolated individually 
per Petri dish along with conditioned distilled water, few pebbles and pieces of 
fresh lettuce. Each snail was observed daily until egg laying. Egg capsules were 
immediately transferred to new Petri dishes containing conditioned distilled water, 
small pieces of cleaned pebbles but no lettuce. The egg capsules were observed 
daily until hatching and emergence of juvenile snails. A solution of cadmium chlo-
ride was prepared in double distilled water. From this solution, a required volume 
was collected and added to each experimental Petri dish in such a way that each 
Petri dish had a final volume of 60 ml distilled water including the required con-
centration of cadmium (Cd). Immediately after hatching, a known number of active 
juvenile snails were transferred to new Petri dishes containing 60 ml of distilled 
water along with the required concentrations of Cd. Approximately 15 to 20 juve-
nile snails were considered per Petri dish. Some small pebbles and pieces of fresh 
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lettuce were provided in each Petri dish as a source of minerals and food respec-
tively. The test solution containing Cd in each Petri dish was changed every 24 h, 
very carefully (without disturbing the number of juvenile snails in them) to main-
tain the required Cd concentration and to remove the waste substances. The num-
ber of juvenile snails in each Petri dish was counted on weekly basis for viability, 
growth and mortality, up to 12 weeks. The percentage of survival in each Petri dish 
was calculated on weekly basis and for statistical analysis. The results of the pre-
sent study clearly show that the lower concentrations of Cd were more lethal and 
harmful to the growing snails, than the higher concentrations. It can be concluded 
that juvenile P. acuta snails are suitable for laboratory toxicity testing of heavy 
metals, since the juveniles start showing response to Cd contamination in the me-
dium in the form of growth retardation from the 2nd week post-treatment and  on-
wards. 

12.  You are going to read the article about using snails in assessing soil 
quality. Six sentences have been removed from it. Choose from the sentences A-
G the one which fits each gap (1-6). There’s one extra sentence you do not need 
to use. 

A. It focuses in particular on interactions between chemical products present 
in the environment and the biotope. 

B. Significant amounts of Cd (6 to 35 mg.kg-1) were thus stored in the long-
term in snails and became potentially transferable and toxic in food webs. 

C. The present results show that the juveniles start showing significant 
growth retardation from the 2nd week of post-treatment and onwards. 

D. The results should also contribute to developing guidelines for bioaccu-
mulation assessment that are required to evaluate risks in terrestrial environments. 

E. Then they were transferred to a clean environment for three months (depu-
ration phase).  

F. This gastropod is notable for its ability to concentrate pollutant substances 
(such as metallic trace elements) in its tissues, making it possible to assay the toxic 
element. 

G. This study of active bioindication also revealed the weak influence of pH, 
the indirect impact of the season on Cd transfer.  
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Snails as an Indicator of Soil Quality 

 

Helix aspersa 

Snails are one of the many biological tools 
used by researchers to characterise soil pollution, 
to identify or predict damage to ecosystems and 
to monitor the evolution of pollution in time and 
space. [1] During this study scientists evaluated 
the transfer of cadmium in situ in a soil-plant-
snail system. Under realistic conditions of envi-
ronmental contamination, the snail Helix aspersa 
revealed the bioavailability of cadmium  in   the  
soil. The  results  obtained  constitute  important 
information for the rational use of terrestrial 
snails as a tool for environmental biomonitoring. 

Ecotoxicology is of essential importance to evaluating the quality of ecosys-
tems. [2] It covers several areas, including the development of a bioindicator such 
as the snail, Helix aspersa.  

The scientists analysed the accumulation and elimination kinetics of cadmi-
um in H. aspersa over a chronic laboratory experiment (six months).  For three 
months, juvenile snails were exposed to both natural and artificial cadmium (Cd) 
contaminated soils (0, 20 and 100 mg.kg-1 (exposure phase).  [3] The results 
showed that their internal Cd concentrations reached a steady state after 14 days of 
exposure, whatever the soil type and concentration of exposure.  During the depu-
ration phase, elimination enabled a decrease of internal concentrations, but they did 
not return to baseline. [4]    

The results of this study demonstrated the usefulness of absorption flows as 
indicators of the soil Cd bioavailability to H. aspersa. 

The researchers then studied the transfer of Cd in situ in a soil-plant-snail 
system.  H. aspersa snails, exposed for two months in microcosms implanted in 
plots presenting with gradients of soil contamination (from 0 to 40 mg Cd.kg-1 dry 
soil) and pH (6 to 7) gradient, demonstrated their ability to reveal the Cd bioavaila-
bility under realistic conditions of environmental contamination. [5]  

These results could help to improve risk evaluation procedures.  They will 
contribute to a clearer understanding of differences the in environmental bioavaila-
bility and toxicology of metallic trace elements in the environment. [6] 

13. Complete the sentences below. Your answers must be related to the ide-
as contained in the texts (ex.11 ,12 and 13) 

1. Snails are among the most important terrestrial bioindicators of metal pol-
lution because……….. 

2. Using snails in toxicity bioassays is an attractive method because……….. 
3. The route of exposure to contaminants via the foot epithelium cannot be 

ignored because………… 
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4. Snails are suitable diagnostic organisms for heavy metal contaminated 

sites because………… 
5. For the Physa acuta study before testing the snails were collected and 

then……………………… 
6. After hatching, juvenile snails of Physa acuta were placed to Petri dishes 

and then……………….. 
7. The results of the Physa acuta study show that ………………………. 
8. The researchers studying the snail Helix aspersa analysed……………… 
9. The results of the Helix aspersa study show that……………… 

14. Additional reading. Read the article “Terrestrial snails as indicators of 
the health of the decomposer part of the ecosystem in Parks in Alberta.” (appen-
dix 1). Compare the ideas contained in it with the information you’ve already 
got. 

Speaking practice 

15. Split into three groupsOrganise a local survey to discover whether the 
people in your group knew anything about snails before. Or think of your own 
questions related to the snail problems.  

Together, discuss the total results of your surveys. If required consult Ap-
pendix 2. 

16. As a class, watch the video “The Secret Life of the Snail”. Consult the 
transcript if needed. What interesting facts about snails have you found out? 
Feel free to add details to your classmates’ statements. Use the following 
phrases. Also Appendix 2 would be helpful. 

I’d like to add that ... 
Another point is that ... 
Furthermore ... 
besides,  
what is more… 
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17. In pairs compose a dialogue between an imaginary journalist and a re-
searcher who has just carried out a scientific work on the use of snails in as-
sessing cadmium soil and water contamination. Make use of the previous texts 
and the phrases below. 

introducing a point Ordering concluding 
First of all I‘d like to 
point out … 
I want to draw your at-
tention to .. 
Speaking of ... 
 

First, ... / Firstly, ... 
Second, ... / Secondly 
Another significant point 
is that .. 
Finally, ... 
As I already indicated ... 

Summing up, we can say 
that ... 
Taking all this into con-
sideration, 
I would come to the con-
clusion that ... 
In other words, ... 

18. Render the article in 5-7 sentences using Appendix 2. 

Presence of Snails Points to Forest Recovery 

16 February 2010  
A team of Catalan researchers has studied the changes in the make-up of an-

imal populations following forest fires, and have concluded that snails are a good 
indicator of forest recovery. The conclusions of this study will help to ensure that 
post-fire forestry operations that do not harm these species of molluscs, which are 
sensitive to microclimatic conditions of the soil and vegetation structure. 

The researchers from the University of Barcelona (UB) and the Natural Are-
as Department of the Provincial Government of Barcelona took samples from areas 
on the edges of an area affected by a forest fire that took place in August 2003 on 
the outskirts of the Sant Llorenç del Munt i l'Obac Natural Park in Catalonia.  

The objective of this study, which has been recently published in Biodiversi-
ty and Conservation, was to check whether land molluscs, which are invertebrates 
with limited mobility, would recolonise the burnt areas or manage to survive the 
fire in refuges. 

"Forest fires produce radical changes in the environmental conditions of the 
habitat of land gastropods, such as changes to the vegetation structure, and the ab-
sence of humus and leaf litter, and so the composition of species within the mol-
lusc community is very severely affected", Xavier Santos, lead author of the study 
and a researcher at the Department of Animal Biology of the UB, tells SINC. 

According to the team, "land mollusc fauna is a good indicator of the pro-
cesses of faunal recovery in areas affected by forest fires" because these are species 
that are very sensitive to microclimatic conditions of the soil and vegetation struc-
ture. The scientists identified 25 species of land gastropods, with large differences 
seen between the control stations and burnt areas. 

"In the burnt zones there is a very significant absence of numerous forest 
species that are widespread throughout Europe, such as Pomatias elegans and 
Acanthinula aculeata, and an increase in species that are more characteristic of 
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more open or drier environments (Cernuella virgata and Xerocrassa penchinati), 
due to the simplification of the habitat structure", explains Santos. 

The biologists thus demonstrate the negative effects of a forest fire on the ar-
ea's diversity of mollusc populations. "This group of organisms only recolonise the 
edges of areas affected by fire in a very limited way", says the researcher, who also 
says that those areas closest to the edges of the fire have not seen any significant 
increase in forest species. In addition, the 2004 to 2007 drought may also have re-
duced the ability of gastropods to recolonise the burnt areas. 

However, the scientists have detected some land molluscs that are typical of 
forest environments existing in the burnt zones, which managed to survive in 
closed refuges such as tree trunks and rocks. 
Post-fire management applications 

"These results come into their own in helping to decide between different 
management models for Mediterranean forest environments that have recently 
been affected by fire - for example replanting the area with conifers", explains the 
researcher. 

Forest fires are common phenomena and cause great destruction to natural 
areas in Mediterranean environments. The authors of the study say it is "very im-
portant to evaluate how organisms respond to these impacts".  

The scientists used studies carried out in the south of France and in the Unit-
ed States as their starting point in this research, above all the 2002 forest fire in the 
central grasslands of the United States (in the states of Wisconsin, Iowa and Min-
nesota), which led to 44% of species there experiencing population declines. The 
situation was dramatic for snails - these animals underwent the most severe de-
clines due to the fire having destroyed all plant waste. 

http://www.sciencedaily.com/releases/2010/02/100216113557.htm 

Writing practice 

19.  Carry out a short research. Search for information about other trace 
metal elements besides cadmium that snails can accumulate and thus be the in-
dicators of such pollution. Report the results. 

20. Analyse all the information you have obtained from the unit, summa-
rise it and prepare the presentation on the topic “Snails as bioindicators”. 
  

124 

 

http://www.sciencedaily.com/releases/2010/02/100216113557.htm


 

UNIT NINE 

Algae as Pollution Indicators 

1. Look through the following quotations and try to outline the problems to 
be discussed. 

According to Washington State Lake Protection Association algae are suited 
to water quality assessment because of their nutrient needs, rapid reproduction rate, 
and very short life cycle. 

The Lake Huron Centre for Coastal Conservation reports that too much algae 
on the beaches and nearshore waters usually indicates a problem with the local 
ecology. 

Aquatic biologists from Philadelphia Water Department use the amount of 
algae growing in a stream and the types of algae species present as indicators of 
water quality. 

Vocabulary practice 

2. Study the following words. 
1 an alga/ 

pl. algae 
водоросль/ 
мн. водоросли 

11 nuisance неприятность, поме-
ха 

2 a diatom 
 

диатомовая крем-
невая водоросль 

12 pelagic пелагический, мор-
ской, океанический  

3 filamentous волокнистый; ни-
тевидный 

13 trophic трофический, пита-
тельный 

4 to 
deteriorate 
 

ухудшать, портить, 
вырождаться 

14 subsequent последующий 

5 succession последователь-
ность, непрерыв-
ный ряд 

15 discharge выхлоп, выброс, 
спуск, сток, слив 

6 genera род [биол.] 16 to deplete истощать, исчерпы-
вать 

7 to impair ослаблять, ухуд-
шать; повреждать 

17 littoral прибрежный 

8 unicellular одноклеточный 18 phytoplankton растительный 
планктон; фито-
планктон 
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9 dense густой, плотный 19 epilimnion верхний теплый 
слой воды, хорошо 
аэрированный и с 
равномерной темпе-
ратурой 

10 a bloom цветение 20 diffuse разбросанный, рас-
сеянный, распро-
страненный 

3. Do you know the pronunciation of the following words? Check your an-
swers using a dictionary, mind the stress. 
alga 
algae 
phytoplankton 
zooplankton 
photosynthesis 

filamentous 
homogeneous 
diatom 
epilimnion 
pl. phyla 

periphyton  
heterotrophic  
heterogeneous 
acidification 
genera 

oligotrophic  
hypertrophic  
eutrophic  
chlorophyll 

mesotrophic  
soluble  
succession 
cyanobacteria 
humus 

4. Match the terms with their definitions. 
 1 autotroph a a tank in which the solid matter of continuously flowing 

sewage is disintegrated by bacteria. 
2 cyanobacteria b the development of algal biomass and the sequence of phy-

toplankton populations. 
3 photosynthesis c a conceptual column of water from surface to bottom sedi-

ments. 
4 to outcompete d organisms that can make complex organic nutritive com-

pounds from simple inorganic sources by photosynthesis 
(Biology). 

5 water column e any of a group of one-celled, microscopic 
green algae characterized by great variation in cell shape. 

6 septic tank f to determine exactly 
7 seasonal 

succession 
g substances consisting of humus 

8 diffuse loading h so called blue-green alga, but bacterium which lives in wa-
ter and produces energy by photosynthesis 

9 desmid i to displace another species in the competition for food or 
other resources. 

10 humic materials j a pollution burden spread out over a wide area 
11 globular k a pollution burden concentrated in a particular place 
12 reed beds l (Biology) process of using sunlight to produce carbohy-

drates (esp. in plants) 
13 to pin-point m a place where several species of tall aquatic grass grow 
14 point discharge n shaped like a globe 
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5. Complete the following sentences with the correct derivative of the word 
in bold. If needed, consult the options given in the table at the end of the vocabu-
lary section. 

1 Nutrient ………….. is one of the most common anthropo-
genic stresses in lakes, and scientists have demonstrated the 
strong …………. between nutrient 
 …………… and phytoplankton biomass. 

rich 
relate 
load 

2 
Due to its transparent carapace, this species tends to be the color of what it is currently eating. 

 Aquatic systems contain a wide …………. of microorgan-
isms,  
which interact with each other in …………… food webs. 

vary 
vary 

3 
If conditions are not favorable, or if they have been produced sexually, eggs will be released into an ephippium, a hard, protective casing, where eggs enter diapause before hatching when conditions are more favorable.  

Phytoplankton are microscopic ……………organisms hav-
ing little or no  
……………to the currents and living free-floating in open 
or pelagic waters. 

photosynthesis 
resist 

4 Algae are …………… indicators of ecosystem conditions 
because they respond quickly both in species ……………. 
and  
………….. to a wide range of water conditions due to 
changes in water chemistry. 

value 
compose 
dense 

5 The ……….. of cyanobacteria bloom tightly corresponds to 
the nitrogen- 
phosphorus ratio. 

occur  

6 A hypertrophic lake is a highly …………… lake character-
ized by frequent and severe nuisance algal blooms and low 
………………. 

nutrient 
transparent  

7 An oligotrophic lake is a well-…………. lake with low 
primary  
……………….., resulting from low nutrient content.  

oxygen 
produce 

8 An eutrophic lake is a lake with high biological ……….. 
Due to excessive 
nutrients, ………….. nitrogen and phosphorus, these water 
bodies are able to support an …………….. of aquatic 
plants. 

produce 
special  
abundant  

9 A mesotrophic lake is a lake with an intermediate level of 
productivity, greater than oligotrophic lakes, but less than 
………….. lakes. 

 
trophic 

6. Use the given terms instead of the underlined phrases. 
a. phytoplankton d.  trophic g.  epiphytic j.  periphyton m.  

filamentous 
b.  catchment area e. benthic h.  eutrophication k.  epilimnion n.  bloom 
c.  diffuse loading f.  littoral i.  food chain l.  unicellular o. chlorophyll 
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1. Commonly algae are divided into three main groups based on appearance: 

microscopic algae, 1. thin in diameter; resembling a thread algae and attached-erect 
algae.  

2. Cyanobacteria are bacteria which live in water and produces food by using 
2. green pigments found in photosynthetic organisms and the sun as an energy 
source. 

3. Scientists carried out studies on lakes have used the 3. minute, free-
floating aquatic plants community for contemporary environmental assessment, 
since it is the main algal biomass, dominating over non-planktonic algae.  

4. Polluted lakes display high densities of algae growth resulting in algal 4. 
the period of greatest prosperity or productivity of nuisance. 

5. Although there have been relatively few studies using attached (5. occur-
ring at the bottom of a water body and 6. growing non-parasitically on another 
plant) algae to assess water quality, analysis of non-planktonic (mainly 7. growing 
on or near a shore ) algae can provide useful information on general ecology and 
local water quality. 

6. Various authors have analysed the extensive growths of 8. organisms (such 
as algae and small crustaceans) that live attached to underwater surfaces that occur 
in the littoral region of many lakes in relation to water quality. 

7. Attached algae are particularly useful in relation to local water conditions 
including 9. input from surrounding agricultural land, discharges from domestic 
areas, traffic pollutants and loading from local ecosystems such as forests and peat 
bogs, since their permanent location at particular sites gives a high degree of spa-
tial resolution within the water body.   

8. It is widely known that planktonic algae within 10. the upper layer of wa-
ter can be used to define lake trophic status.  

9. There have been done a number of analysis of lake sediments indicating 
that the increased 11. process by which a water body becomes enriched in dis-
solved nutrients that stimulate the growth of aquatic plant life usually resulting in 
the depletion of dissolved oxygen has occurred in recent historical times over the 
last 50 years.  

10. Water quality in the littoral zone may differ considerably from that in the 
main part of the lake due to the closeness of the terrestrial ecosystem with inflow 
from the 12. surrounding area from which the precipitation water drains into a wa-
ter body. 

11. Algae also play an important part in the aquatic 13. pyramid-shaped 
structure illustrating the feeding order in nature wherein each organism feeds upon 
the next lowest creature, as they are the main food source for zooplankton and 
small fish, which in turn serve as food for larger fish and other wildlife. 

12. Lakes in recovery mode have dominating phytoplankton and zooplankton 
rather than bacteria. Phytoplankton species composition is characterized by acid-
tolerant oligotrophic 14. consisting of a single cell algae. 
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13. The 15. nutrient status of the lake is reflected in extensive growths of at-

tached algae and in the dense periphyton communities that occur in the littoral reed 
beds. 

7. Study the given words and phrases. Complete the sentences using them. 
a. seasonal 
succession 

d. 
photosynthesis 

g. water quality j. 
cyanobacteria 

m. heavy metal 

b. primary pro-
duction 

e. summer 
bloom 

h. inorganic 
nutrients 

k. oxygen n. acidic 
conditions 

c. artificially 
fertilized 

f. point 
discharges 

i. nutrient status l. 
conductivity 

o. carbon 
dioxide 

 
1. What makes algae so important is the fact that is this single plant pro-

duces more 1. ……….on the Planet Earth than all the other plant species put to-
gether. 

2. Algae help remove huge amounts of 2. ……………from the air. Carbon 
dioxide causes global warming, so algae are one of our most important partners in 
the fight against climate change. 

3. Algae are simple organisms that typically produce their own food 
through 3. …………………. 

4. Although technically not a true algae but bacteria, toxic blue-green al-
gae refer to certain species of    4. …………….that have the ability to produce tox-
ins. 

5. The photosynthetic production of organic matter from inorganic sub-
stances under light in aquatic system is called 5. …………………... 

6. Detection of an intense 6. ……………..of the colonial blue-green alga 
is indicative of pre-existing high nutrient (eutrophic) status. 

7. The study of littoral algae has the potential to provide information on 7. 
……………….at particular sites along the edge of the lake in relation to 8. 
…………………... 

8. Scientists consider a wide range of chemical parameters in relation to 
general lake water quality - including total salt content (9. ………………..), 10. 
…………………(nitrogen and phosphorus), soluble organic nutrients, acidity, and 
11. …………………contamination.  

9. ………………………that is the development of algal biomass and the 
sequence of phytoplankton populations directly relate to nutrient availability in the 
temperate lakes. 

10. Hypertrophic lakes include 13. ……………………..fish ponds and 
lakes with sewage discharges. 

11. The tendency for oligotrophic lakes to be slightly acid has already been 
noted in relation to inorganic  14. ……………………., and for this reason many 
algae typical of low nutrient waters are also tolerant of 15. ……………………... 
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8. Complete the sentences using words in bold. Use two to five words. 
1. Both the long-term retention of water in lake systems and the age of the 

lake affect the use of algae as bioindicators of water quality. 
influenced   The use of algae as bioindicators of water quality 

………………………………the long-term retention of water in lake 
systems and also by the age of the lake.  

2. Analysis of the phytoplankton community from a number of sites across 
the lake provides information about aquatic conditions in general. 
obtain …………………………………… the water quality in general analysis 

of the phytoplankton community from a number of sites across the lake 
is required. 

3. The difference in water quality between the littoral zone and the main part 
of the lake is due to the closeness of the terrestrial ecosystem (with inflow from the 
surrounding catchment area) and due to the distinctive zone of littoral macrophyte 
vegetation, making an important buffer zone between the shore and open water. 
result ……………………………… the closeness of the terrestrial ecosystem 

(with inflow from the surrounding catchment area) and the distinctive 
zone of littoral macrophyte vegetation, making an important buffer zone 
between the shore and open water the difference in water quality be-
tween the littoral zone and the main part of the lake occurs. 

4. Some algae may be able to grow in the nutrient depleted waters by migrat-
ing down the water column to higher nutrient conditions.  
content When the ………………………………… some algae may be able to 

grow by migrating down the water column to higher nutrient conditions. 
5. The algae form a succession of dense populations, outcompeting larger co-

lonial organisms which are unable to establish themselves.  
displaced Larger colonial organisms are unable to settle down as they 

………………….. in the competition for food or other resources which 
form a succession of dense populations. 

6. Algal bioindicators have been important for monitoring lake pH change 
both in terms of lake sediment analysis and contemporary epilimnion populations. 
regarding ……………………….. sediment analysis but also contemporary epi-

limnion populations algal bioindicators have been important for moni-
toring lake pH change. 
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7. Although it is not possible to pin-point individual algal species in relation 

to particular trophic states, it is possible to list the organisms that are typical of 
summer growths in different standing waters. 
indicate There’s no …………………………… precisely individual algal spe-

cies in relation to particular trophic states, it is possible though to list the 
organisms that are typical of summer growths in different standing wa-
ters. 

8. Oligotrophic waters are frequently slightly acid with low Ca concentra-
tions, and vice versa for eutrophic conditions.  
in ………………………… conditions, oligotrophic waters are frequently 

slightly acid with low Ca concentrations. 
9. Chronically-acid lakes have low primary productivity, with low levels of 

phytoplankton and zooplankton and domination by heterotrophic bacteria.  
lack Heterotrophic bacteria dominates in chronically-acid lakes which at the 

same ……………………….. producers such as phytoplankton and zo-
oplankton. 

9. Translate the sentences into English. 
1. Водоросли  - экологически важная группа в большинстве водных 

экосистем, они являются важным компонентом программ биологического 
мониторинга. 

2. Водные популяции находятся под влиянием антропогенного стресса, 
что приводит к различным изменениям в биологической целостности водных 
систем. 

3. Водоросли идеально подходят для оценки качества воды, поскольку 
у них быстрый темп размножения и очень короткий жизненный цикл, что 
делает их ценными биоиндикаторами. 

4. Являясь первичными продуцентами (как первичные продуценты), 
водоросли напрямую находятся под влиянием физических и химических 
факторов.  

5. Водоросли легко разводить в лабораторных условиях, отбор образ-
цов прост, недорог и в минимальной степени воздействует на флору и фауну, 
населяющую участок, где берется проба (the site). 

6. Метод оценки качества воды, использующий диатомовые кремневые 
водоросли, даёт наиболее точные данные в сравнении с химической и зооло-
гической оценкой. 

7. Ученые установили, что наличие определенных видов водорослей 
может обозначать различные зоны вырождения (деградации) в реке. 

8. Обогащение питательными веществами является одним из наиболее 
частых антропогенных стрессов для озер, и ученые доказали прочную взаи-
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мосвязь между насыщенностью питательными веществами и биомассой фи-
топланктона. 

9. Цветение сине-зеленых водорослей  -  это экологическая опасность, 
которая ухудшает качество воды в озерах, водохранилищах и реках. 

10. Водоросли могут расти в изобилии до такой степени, что они изме-
няют цвет воды, что значительно снижает использование водной системы в 
целях отдыха. 

11. Токсины сине-зеленых водорослей содержаться в живых клетках и 
высвобождаются только с их распадом. (decay) 

12. Различие в специфической чувствительности определенных видов 
диатомовых кремневых водорослей к загрязняющим веществам являются 
надежным и пригодным (полезным) способом оценки степени загрязнения. 

13. Сообщества перифитона различаются по чувствительности в боль-
шей степени к состоянию подложки, чем к качеству воды. 

Additional options for ex.5 
1 rich enrich enriching enrichment enriched 
1 related correlate relatedness correlation relater 
1 loader loading loaded unload unloadable 
2 vary variety variable  various variant 
3 photosynthesis photosynthetic photosynthesise photosynthetically photosynthesising 
3 resister resistant resistive resistance resistible 
4 valued valuation valuable valueless valuational 
4 composer composition composed discompose discomposure 
4 denseness density densely - - 
5 occurent occurring occurrence occurred - 
6 nutrition nutrient nutritious  nutriment innutritious 
6 transparent transparence transparency transparentize  transparentness 
7 oxygenic oxide oxygenated oxygenous oxygenator 
7/8 producers production productive producible productivity 
8 especial specialist specialise speciality especially 
8 abundant abundance abunduntly - - 
9 oligotrophic mesotrophic eutrophic  hypertrophic - 
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Reading practice 

10. Read the text. Divide it into 6 paragraphs. Choose the most suitable 
heading from list 1-7 for each paragraph. There is one extra heading you don’t 
need to use.  

1. Attached-erect algae  
2. Cyanobacteria 
3. Filamentous algae  
4. Microscopic algae 
5. Typology  
6. What is alga?  
7. Why algae are advantageous. 

Algae are a very large 
and diverse group of organ-
isms, ranging from unicellular 
genera such as Chlorella and 
the diatoms to multicellular 
forms such as the giant kelp, a 
large brown sea alga that may 
grow up to 50 meters in 
length. Algae are beneficial in 

the simplest manner because algae release oxygen as part of their metabolism (al-
gae use photosynthesis),  they  serve  to  oxygenate water. Algae also play an im-
portant part in the aquatic food chain, as they are the main food source for zoo-
plankton and small fish, which in turn serve as food for larger fish and other 
wildlife. The more algae in the water the more carbon dioxide is used from the at-
mosphere and the more oxygen is released into the water. Algae require warmth, 
sunlight, and nutrients to grow and reproduce thus they live in a layer of water, 
known as the epilimnion, which is  rich  in  oxygen,  penetrated  by sunlight, and 
warmer than water at lower levels.  

 
There are several thousand known species of algae in 

the world and they occur in many different colours and 
forms. Algae can for instance be green, blue-green, brown, 
red or black. Blue-green algae, as a matter of fact, are cya-
nobacteria, bacteria, not algae, although they have chloro-
phyll and use the sun as an energy source. Some types of 
algae will drift around in the water, while others grow at-

tached to a surface, e.g. a rock, coral or plant leaf. There are also types of algae that 
flow  on the  surface since  this  is  the  place where they  can receive the most 
light. In everyday speech, algae are commonly divided into three main groups 
based on appearance: microscopic algae, filamentous algae and attached-erect al-
gae. Microscopic algae form the autotrophic part of the plankton, the diverse group 
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of free-floating, drifting organisms that inhabits the pelagic zone of everything 
from oceans to small bodies of water. Microscopic algae are commonly referred to 
as phytoplankton.  Distinguishing the  individual  alga with  a naked  eye is gener-
ally not possible, but  large groups of algae can be detected since the chlorophyll 
inside them turns the water greenish. 

   
 

Microscopic algae 
 

Filamentous 
algae under 
microscope 

Attached-erect al-
gae  
 

Cyanobacteria 

Some types of microscopic plankton will give the water another colour than green, 
since they contain accessory pigments. In filamentous algae the individual algal 
cells will stick to each other and form long, hair-like strands. The strands can form 
entangled clumps in the water and pieces can break off to float on the water's sur-
face. Just as the name suggests, attached-erect algae grows attached to a surface, 
such as a rock, and will grow more or less straight up from the bottom. Many spe-
cies of attached-erect algae can grow really tall and be very similar to land plants. 
When studied more closely, there are however significant differences between this 
type of algae and land living higher plants.  

11. Look through the text once again. Mark the statements below as true, 
false or doesn’t say (the article says nothing about it).  

1. All algae are unicellular. 
2. Algae are photosynthetic organisms and produce oxygen. 
3. Algae are primary producers. 
4. Algae are eaten by people. 
5. Algae live in both freshwater and saltwater water bodies. 
6. Phytoplankton is algae which live attached to some substrate. 
7. Filamentous algae look exactly like terrestrial plants. 
8. Microscopic algae can make water be purple. 
9. If the population of microscopic algae is dense it can be seen with a 

naked eye. 
10. Cyanobacteria are true bacteria that are often referred to as blue-

green algae. 
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12. Read the text. Complete the sentences below. Your answers must be re-
lated to the ideas contained in the texts (ex.10 and 11) 

Algae, a vital group of bacteria and plants in aquatic ecosystems, are an im-
portant component of biological monitoring programs for evaluating water quality. 
They are suited to water quality assessment because of their nutrient needs, rapid 
reproduction rate, and very short life cycle. Algae are valuable indicators of eco-
system conditions because they respond quickly both in species composition and 
densities to a wide range of water conditions due to changes in water chemistry. 
Algal sampling is easy, cheap and provides unique information compared to big 
sized organisms. Furthermore, algae are important in aquatic ecosystem as primary 
producers and to form bloom. Finally, phytoplankton have worldwide distribution 
and they are available everywhere.  

Of primary importance from an ecological and public health perspective is 
the abundance of nutrients containing nitrogen (N) and phosphorus (P) that flow 
into lakes, reservoirs, streams and rivers resulting in eutrophic conditions. The N:P 
ratio often determines which algae genera are dominant, present or absent in these 
nutrient-affected water bodies. Sources of the inorganic compounds that contain 
these elements include household laundry detergents, commercial fertilizers used 
for lawns and agriculture, and storm water runoff, along with organic pollution 
from sewage-related sources including leaky septic tanks and livestock waste. 
Lakes and reservoirs that receive these sources of pollution periodically, or chroni-
cally, display high densities of algae growth resulting in blooms of nuisance and/or 
toxin-producing genera. Microscopic analysis of water samples collected from 
lakes, streams and other bodies determines the diversity and density of algal spe-
cies and provides potentially useful early warning signs of deteriorating conditions.  

1. Algae habitat requirements are………. 
2. The three main groups of algae are………………. 
3. Previously Cyanobacteria were considered algae because…………… 
4. Algae are beneficial in water quality evaluation because of………… 
5. Algae are suited to indication of ecosystem conditions because 

……………. 
6. Algae meet the requirements of good bioindicators because ……………. 
7. The dominance of specific algae genera indicates……………… 
8. The sources of nitrogen and phosphorus nutrients include………….. 
9. Eutrophic water condition is the result of……………….. 
10. The more diverse and dense the algae population the …………… 
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13.  You are going to read the article about using algae in assessing lake 
trophic status. Six sentences have been removed from it. Choose from the sen-
tences A-G the one which fits each gap (1-6). There’s one extra sentence you do 
not need to use. 

A. Although individual algal species can be rated primarily in terms of 
trophic preferences, they are also frequently adapted to the following related eco-
logical factors. 

B. Eutrophication is a fundamental concern in the management of all water 
bodies and has been one of the main points of contemporary research in lakes. 

C. In all cases the season begins with a diatom bloom, but subsequent pro-
gression can be separated into four main categories. 

D. Identification of such indicator species, particularly at high population 
levels, gives a good qualitative indication of nutrient state. 

E. On the contrary, in high nutrient (eutrophic) lakes, the spring diatom 
bloom is further limited, leading to a clear water phase (dominated by unicellular 
algae). 

F. Species composition can be related to trophic status in three main ways – 
seasonal succession, biodiversity, and bioindicator species. 

G. Unfortunately, such generalization is not absolute since some desmids, for 
example, are typical of meso- and eutrophic lakes. 

Algae as bioindicators of inorganic trophic status 

A wide range of chemical parameters can be 
considered in relation to general lake water quality – 
including total salt content (conductivity), inorganic 
nutrients (nitrogen and phosphorus), soluble organic 
nutrients (e.g. pesticides), acidity, heavy metal contam-
ination and presence of coloured matter (caused partic-
ularly by humic materials).  

           Planktonic algae samples can be used to define lake trophic status in 
terms of their overall productivity and species composition. [1] 

In temperate lakes, the development of algal biomass and the sequence of 
phytoplankton populations (seasonal succession) directly relate to nutrient availa-
bility. [2] Each of these categories corresponds to a certain type of lakes: oligo-
trophic, mesotrophic, eutrophic, and hyper-
trophic lakes.   

For example, in low nutrient (oligo-
trophic) lakes the spring diatom bloom is pro-
longed, and diatoms may dominate for the 
whole growth period. [3] Then follows a period 
of mid-summer bloom in which large unicellu-
lar, colonial filamentous and globular blue-
greens predominate.  
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During the summer growth phase, species diversity is typically low in oligo-

trophic lakes, rising progressively in mesotrophic and eutrophic lakes, but falling 
again in some eutrophic/hypertrophic lakes where small numbers of species may 
outcompete other algae.   

Some algal species and taxonomic groups show clear preferences for particu-
lar lake conditions, and can this act as potential bioindicators. In a broad compari-
son of oligotrophic versus eutrophic waters, desmids (green algae) tend  to  occur  
mainly  in  low nutrient waters while colonial blue-green algae are more typical of 
eutrophic waters. [4] Although it is not possible to definitely identify individual al-
gal species in relation to particular trophic states, it is possible to list organisms that 
are typical of summer growths in different standing waters. [5] 

In addition to phytoplankton bioindicators, the trophic status of the lake is al-
so reflected in extensive growths of attached algae and in the dense periphyton 
communities that occur in the littoral reed beds.  

Nutrient enrichment is one of the most common anthropogenic stresses in 
lakes, and scientists have demonstrated the strong relationship between nutrient 

loading and phytoplankton biomass. Algae 
can grow in abundance to the extent that they 
change the colour of water and even intoxi-
cate it (in the case of the decaying blue-green 
alga cells releasing toxins), which can signif-
icantly impair the recreational uses of aquatic 
systems. [6] 

14. Additional reading. Read the article “Algae as Bioindicators of Water 
Quality of the Lakes” (appendix 1). Compare the ideas contained in it with the 
information you’ve already got. 

Speaking practice 

15. As a class, watch the video “What’s in our water?” just to get acquaint-
ed with the content. 

16. Watch it for the second time carefully following the transcript and fill 
in the gaps with the given words and phrases.  

a. suspended 
particles 

d. physical and chemical 
traits 

g. simple 
molecule 

j. 
turbidity 

m. 
acidity 

b. fine-grained 
sediment 

e. decomposing organic 
matter  

h. zooplankton k. pH 
data 

 

c. nutrient transport f. dissolved or particulate 
matter 

i. food chain l. 
pollution 
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[Steven Sobieszczyk] Hello and Welcome. This is the USGS CoreCast, I’m Steven 
Sobieszczyk. In this episode of the CoreCast we are actually going to be rebroad-
casting a previously released video from the USGS Oregon Science Podcast. We 
figured the topic of water quality, as discussed in the video, was representative of 
the hydrologic research that the USGS, as a whole, does around that country. 
Therefore, it fit in really well with other CoreCast products. So, without further 
ado, this is, “What’s in Our Water?” [Intro Music begins] 

 [Steven Sobieszczyk] Water. Such a 1. …………………... Just two hydro-
gen atoms and one oxygen. Small. Innocuous. Yet when combined with countless 
others, it has the power to reshape the entire planet. One of the basic building 
blocks of life, water is much more than just a simple liquid. Entrained in water is a 
whole world of microscopic materials. Sediment. Organisms. Dissolved minerals. 
Even harmful chemicals. In this episode, we are going to investigate more than just 
the substance - water. We are going to examine what is in our nations’ water, how 
we at the U.S. Geological Survey monitor it, and what tools we have developed to 
aid those who want to explore more about our planet’s most abundant resource. 
This is…the USGS Oregon Science Podcast. 
[Steven Sobieszczyk] The term “water quality” covers a vast range of 2. 
……………………………….of water. It can refer to any number of characteris-
tics of water, such as 3. …………………………….trapped in the water column. 
This may include materials like dissolved minerals (sodium and potassium, for ex-
ample) or 4. ………………….like organic carbon (which is basically broken down 
leaf litter or other  5. ………………………………..) or 6. 
……………………….(such as dirt washed away from hillsides). In addition, 
those who investigate water quality may be interested in other water properties like 
7. ………. or conductivity. Or, in the case of greatest concern for most people, 8. 
……………. To help simplify this potentially overwhelming subject of water qual-
ity, we will focus on conditions in local streams here in Oregon. 
[Stewart Rounds] So living here in the Pacific Northwest, we really are blessed 
with some great water resources. We have wonderful streams and lakes. Although, 
there are some places where people say, “I wouldn’t want to swim or fish in that 
river! Oh, it’s disgusting!” You know, let’s think about this problem with a little bit 
of perspective. Back in the 1930s and 40s, boy, the Willamette was an open sewer. 
But, there was a big cleanup that happened in the 1940s and as we understood, a 
little bit more about some of the types of water-quality problems there were suc-
cessive cleanups. There was another big cleanup in the 1970s and the 1990s. So, 
today, you can go swimming in the Willamette River. You can go fishing in the 
Willamette River and it’s really in pretty good condition. 
[Steven Sobieszczyk] Dr. Stewart Rounds is the USGS Water Quality Specialist in 
Oregon. As with most hydrologists, Stewart has always had a passion for water. 
[Stewart Rounds] You know, water quality has always been something that has in-
terested me. Ever since I was a kid. I wanted to know how things work. And I look 
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at a river and I want to know more about it. I want to know where the water comes 
from, how good the water quality is, whether it’s good for fish, what its carrying, 
where it’s going to, how things change… Understanding processes in natural sys-
tems, it’s just fascinating. 

[Steven Sobieszczyk] Dr. Round’s research focuses on water-quality moni-
toring of rivers and lakes, including water temperature, 9. …………………….., 
and water-related concerns due to algae. What types of problems do algae cause in 
our local rivers? Well…that all depends on how much algae there is. 
[Stewart Rounds] So, algae is an important thing that we study and it’s not entirely 
a bad thing, right? Algae is the base of the 10. ……………………. If we didn’t 
have algae than we wouldn’t have anything for the zooplankton to eat. And if the 
11 ………………..didn’t eat anything than we wouldn’t have any food for the fish. 
And if we don’t have fish, well, you can take it from there. So algae is good in 
many ways because it’s the base of the food chain. On the other had we don’t want 
too much of a good thing because then it can lead to pH levels that are too high, 
which is not good for fish. Or when the algae are no longer growing, they can use 
up too much oxygen and cause problems that way. 
[Steven Sobieszczyk] Algae is just one of many parameters, or characteristics, of 
water quality that the USGS monitors. Other parameters commonly measured in-
clude water temperature, pH (or acidity), and 12. ………………… (which is the 
cloudiness or dirtiness of water). All of these data are collected and stored online in 
our National Water Information System, or NWIS, database. The water quality da-
ta are free, and can be accessed through the NWIS website, or through the online 
software package, USGS Data Grapher. [Stewart Rounds] So the data grapher is 
set of online tools that allow users to create customized graphs and tables of a 
whole variety of time-series data that are served up by the U.S. Geological Survey. 
Let’s start by looking at a time series graph from one site. In this example, let’s 
take a look at some 13 …… from the Clackamas River near the mouth of that river 
at Oregon City. The results show you some of the inputs that you ask for and the 
graph, and you can see that the pH values in mid-summer can reach relatively high 
values near 9, and that the patterns in pH decrease when the stream flow goes up. 
Another way to visualize those patters in the pH data in the Clackamas River is to 
use a color map. The color map shows some interesting patterns that we saw in the 
time series graph. We had higher pH values at particular times in the spring and 
summer and we had lower pH values for a time between those peaks when the dis-
charge was higher. 

[Steven Sobieszczyk] As part of its overall mission, the USGS measures the 
quantity and quality of the nation’s waters. This work is completed through the use 
of a network of over 7,000 stream flow gages. In Oregon alone, there are over 200 
stream flow monitoring locations, many of which also continuously monitor differ-
ent water-quality properties. Each year, scientists, like Dr. Rounds, continue to ob-
serve lakes and rivers, and through new tools they develop, help explore how water 
quality changes in the world around us. For more on what the USGS is doing 
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through its National Water Quality Assessment Program or through other coopera-
tive programs in the state, please visit our water resources information website at 
usgs.gov/water. 

17. In pairs  

 - list the parameters or characteristics of water mentioned in the video and  

- discuss what is said about algae. Feel free to add details to your partner’s 
statements. 

 If required consult Appendix 2 

18. Before watching. Do you know the following words and phrases? 
a laser beam      to transform light into energy 
the technique      proliferation 
sound waves 

19. In pairs watch the video “Determining Amount of Water Pollution with 
Use of Algae» and discuss the following questions. 

- What culture do the scientists use to determine if the water is polluted? 
- What do the scientists do with the water with algae in it? 
- What process algae involved in does the research observe? 
- How does Professor Dubinsky recognize the type and amount of pollution? 
- What consequences will, they hope, their invention have? 

20. Compose a short report about Prof. Dubinsky invention. 

21. Render the article in 5-7 sentences using Appendix 2. 

Monday, May 26, 2008 

Algae and Pollution 

Most of the algae are aquatic and are found in fresh water or marine habitat. 
Therefore, they are related with different aspects of fresh-water or marine pollu-
tion. 

Algae as water pollutants 

During the favourable season of algal growth, water bodies like lakes, ponds 
and rivers show so much growth of various species of blue-green algae, green al-
gae and golden brown algae that the water becomes turbid, cloudy and yellow-
ish/greenish in colour. Filamentous planktonic algae form thick floating mats on 
the water surface. Such excessive algal growth is called water bloom. This bloom 
cuts off the light to deeper layers of water body and thus inhibits decomposition of 
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organic matter in that water body. The algae further add a large amount of organic 
matter after death and decay to the water body which is not decomposed quickly 
due to prevailing conditions in that water body. This causes serious water pollu-
tion. 
Many algae produce toxic substances that are harmful to fishes and aquatic ani-
mals. These toxins also harm the land animals drinking this polluted water. 

In general, water blooms make water oily, unpleasant in smell, fishy in taste 
and unfit for drinking. 

Many species of blue-green and green algae that form excessive growths also 
block the water tanks, pipe lines and other associated installations causing undesir-
able problems. 

Algae as pollution indicators 

Analysis of the composition and growth pattern of the algal flora in a water 
body can be used to identify the type and level of water pollution. Such studies of 
algal flora have been used in identification of following types of water pollution 
problems: 

1. Water acidity: Increase in the acidity of water initially causes general in-
crease in filamentous algae. However, high levels of water acidity due to pollution 
by acid forming chemicals or acid rains results in decrease in planktonic algae in 
the water body. Most algae and diatoms disappear completely in water below the 
pH 5.8. 

2. Diatoms are highly sensitive to pH and different species of diatoms are 
found at different pH values of water body. Thus changes in the species composi-
tion of diatoms very accurately indicate the pH level of the water body. 

3. Sewage, organic matter and chemical fertilizers: Increase in the organic 
matter or chemical fertilizers that are washed off into the water body results in in-
creased nutrient supply for algal growth. Such a condition of increased nutrient 
supply is termed eutrophication and results in water blooms of various types of al-
gae. The water blooms of planktonic algae like Microcystis, Scendensmus, Hydro-
dictyon and Chlorella indicate pollution of water body due to excessive addition of 
organic matter, nitrates or phosphates. 

4. Heavy metals: Some algae like Cladophora and Stigeoclonium absorb and 
accumulate many heavy metals from the water. Thus the excessive growth of these 
algae in the water indicates pollution due to heavy metals. 

5. Oil pollution: Excessive growth of algae like Duniella tertiolacta, Skele-
tonema costatum, Cricosphaera carterae, Amphidium carterae, Cyclotella cryptica 
and Pavlova lutheri indicate oil pollution of water bodies. 

Algae in pollution control 

Algae like Chlorella, Chlamydomonas, Scendensmus and Spirullina are 
grown in sewage treatment plants along with suitable bacteria (algal-bacterial sys-
tems). Organic sewage degraded by bacteria is used up by algae in their photosyn-
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thesis and growth. The abundant algal growth the treatment plant is periodically 
removed and used as animal feed or source of protein. The polluted water is thus 
cleaned by the combined action of bacteria and algae. 

For the treatment of water containing metals as pollutants, algae like Chlorel-
la are cultured in the polluted water. These algae absorb the metals from the water. 
The algal growth is periodically removed and destroyed.  

Posted by Pradeep Garg at 6:20 AM � 

Keywards: Algae, Environment, Pollution  

22. Split in three groups. Organise a local survey to discover whether the 
people in your group knew anything about algae before. Or think of your own 
questions related to the algae problems.  

Together, discuss the total results of your surveys. 

Writing practice 

23.  Carry out a short research. Search for information about how algae 
are used in assessing heavy metal contamination. Report the results. 

24. Analyse all the information you have obtained from the unit, summa-
rise it and prepare the presentation on the topic “Algae as bioindicators”. 
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UNIT TEN 

Biological Monitoring with Higher Plants 

1. Look through the following quotations and try to outline the problems to 
be discussed. 

“Certain regions of southern Europe present high levels of pollutants such as 
ozone, lead, polyaromatic compounds and other mutagenic agents. Bioindicator 
plants are useful tools for assessing both concentrations and effects of pollutants”, 
the Global Ecology Unit website reports. 

According to Ten Houten from the Netherlands some higher plants appear to 
possess a more or less specific susceptibility to certain air pollutants; and symp-
toms caused by such components can be distinguished and measured, also under 
field conditions. 

In 2010 in the “Environmental Monitoring and Assessment” journal a group 
of Spanish scientists published their research paper called “Higher Plants as Bioin-
dicators of Sulpher Dioxide Emissions in Urban Environments.” 

Vocabulary practice 

2. Study the following words. 
1 a cultivar культурный сорт 

растения 
13 a bud почка, бутон 

2 fodder  корм для скота 14 an injury повреждение, вред, ущерб 
3 immediate непосредственный, 

немедленный 
15 a yield урожай, размер урожая 

4 chlorosis  хлороз, бледная не-
мочь 

16 retention удерживание, сохранение, 
задержка 

5 to bleach 
 

отбеливать, обес-
цвечивать 

17 a moss мох 

6 necrosis  омертвение, некроз 18 an amino 
acid 

аминокислота 

7 discolour-
ation  

изменение цвета, 
выцветание 

19 by a factor 
of 10 

в 10 раз 

8 tip-burn “ожог” на кончиках 20 a vein жилка, прожилка (бот.) 
9 to bronze становиться бронзо-

вым 
21 a 

deficiency 
отсутствие чего-л., не-
хватка, недостаток 

10 a stipple точечный пунктир 22 a collapse  упадок, гибель 
11 a mottle крапинка, пятнышко 23 premature преждевременный, ранний 
12 pine 

needle 
сосновая хвоя 24 foliage листва 
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3. Do you know the pronunciation of the following words? Check your an-
swers using a dictionary, mind the stress. 

organelle 
symptomatology 
histology 
phytotoxic 

chlorosis  
bleaching  
necrosis  
discolouration  

yield 
foliage 
chloroplasts 
pl. mitochon-
dria  

abortion 
pl. phenome-
na 
waxy  
membrane 

aerosol 
dioxins  
radio-
nuclides 
poisonous 

4. Match the terms with their definitions. 
 1 phytotoxic a an agricultural crop (as hay, grain, or cotton) grown 

on large areas 
2 field crops b scientific study of animal and plant tissues 
3 livestock c failure to develop (Biology)  
4 symptomatology d an organelle containing enzymes responsible for pro-

ducing energy (Biology) 
5 histology e cell organ, any part of a cell with a specific function. 
6 organelle 

 
f outer wall of a cell 

7 chloroplasts 
 

g poisonous to plants, harmful to plants 

8 mitochondria h a set of symptoms 
9 cell membrane i microscopic opening, pore (Botany)  
10 abortion j a resembling or made of wax protective layer  
11 pigments k an arrested normal growth and development 
12 phenomenon/ 

pl. phenomena 
l fine powder produced by flowers that fertilizes other 

plants for reproduction 
13 stoma  m with great protection 
14 waxy coating n animals which are raised and kept on a farm or ranch 
15 well buffered o an event or a circumstance that can be observed 
16 stunted growth p a structure in green plant cells which contains chlo-

rophyll and in which photosynthesis takes place. 
17 pollen q colored substance in cells 

5. Complete the following sentences with the correct derivative of the word 
in bold. If needed, consult the options given in the table at the end of the vocabu-
lary section. 

 
 1. We can assess the presence of some pollutants 

through ………….… and ……………….. of specific 
symptomatology produced by a plant's exposure to pollu-
tants. 

observe 
measure 

 
Due to its transparent carapace, this species tends to be the color of what it is currently eating. 

2. Some plants are ………….. as biomonitors due to suit 
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their  
……………….. to changes in the concentrations of certain 
substances or their capacity for capturing and 
……………….. these substances. 

sensitive 
accumulate  

 
If conditions are not favorable, or if they have been produced sexually, eggs will be released into an ephippium, a hard, protective casing, where eggs enter diapause before hatching when conditions are more favorable.  

3. Acid rains do not usually kill trees directly. In-
stead, they  ………… the trees by damaging their leaves, 
limiting the nutrients …………. to them, or poisoning 
them with toxic substances slowly released from the soil. 

weak  
avail 

 4. In this respect tree bark is a good ……………. be-
cause it remains in place for an extended period of time, it 
is easily ………… and sampling does not damage the tree. 

indicate 
access 

 5. The accumulation of …………… pollutants in 
bark is purely a physiological-chemical process. 

atmosphere   

 6. The degree of ………. of particulate substances is 
influenced by weather conditions, nature of pollutant, plant 
surface …………….. and particle size. 

retain 
characterise   

 

6. Use the given terms instead of the underlined phrases. 
a. an injury d. phytotoxic g. collapse j. deficiency m. cultivars 
b. chlorosis e. foliage h. bleached k. ambient n. yield 
c. stunted growth f. defoliation i. impairs l. coating o. alterations 

 
1. The visible injury to plants is of three types: (1) 1. extreme depression 

or sudden failure of leaf tissue with the development of necrotic patterns, (2) yel-
lowing or other color changes, and (3) 2. changes in growth or premature loss of 3. 
leaves. 

2. 4. Any physical damage to the body from air pollution can be confused 
with the symptoms caused by fungi, bacteria, viruses, nematodes, insects, nutri-
tional 5. state of needing something that is absent or unavailable and toxicities, and 
the adverse effects of temperature, wind, and water.  

3. On some species, chronic sulfur dioxide injury causes 6. plant disease in 
which it loses its green coloring becoming pale and a gradual bleaching of the sur-
rounding tissues. 

4. On broad-leaved plants, necrotic, 7. decolourized, or tan to brown areas 
tend to be near the leaf margins, tips, and between the principal veins. 

5. Ozone causes plant 8. arrested development and depresses flowering 
and bud formation, it also causes marginal rolling and the tip-burn of leaves. 
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6. Some plant species or 9. plant varieties that has been produced in cul-

tivation by selective breeding have the great advantage to show clearly the ef-
fects of 10.  poisonous to plants compounds present in 11. surrounding air.  

7. Stunted growth, reduction in 12. the amount of something that is pro-
duced by a plant, and heavy      13. loss of leaves may also occur as a result of the 
exposure to sulfur dioxide. 

8. The loss of the waxy 14. outer protective layer 15. makes worse or less 
effective the process of photosynthesis. 

7. Study the given words and phrases. Complete the sentences using them. 
a. mottled foliage e. acid rains. i.  integrated 

response 
m.  bark and leaves 

b.  premature leaf 
drop 

f. amino ac-
ids 

j.  visible injury symp-
toms 

n.  chemical 
composition 

c.  exhibit tolerance g.  plant tis-
sues 

k. draw public 
attention 

o. physiological 
function 

d. mechanical 
injury 

h. twig 
dieback 

l. ambient 
concentrations 

p. accumulate the 
pollutants 

 
1. Plants show an 1. ……………. to the pollution climate, thus giving 

information even on the potency of complex pollutant mixtures.  
2. Bioindicator plants are also very useful to 2. ……………..to air 

pollution problems, since they can demonstrate the visibility of otherwise 
invisible air pollutants. 

3. Various types of plant such as lichens, mosses; 3.  
………………………of higher plants have been used to detect the deposition, ac-
cumulation and distribution of metal pollution. 

4. Higher plants also 4. …………………..to environmental changes which 
is especially important for monitoring areas with elevated anthropogenic influence 
where lichens and mosses are often absent. 

5. The 5. ………………….of bark is to protect the tree from 6. 
………………, damaging agents and excessive evaporation. 

6. When bark is exposed to air pollutants either directly from the atmosphere 
or from the rainwater running down the trunk, the 7. ……………………of the sur-
face layers of the bark changes, such changes can be utilised to investigate the ex-
tent of the area subjected to air pollutants. 

7. The effects of pollution on plants include 8. ………………., “burning” at 
leaf tips or margins,           9. …………, stunted growth, 10. ………………, de-
layed maturity, abortion or early drop of blossoms, and reduced yield or quality. 
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8. Leaves of sensitive species generally produce highly specific and charac-

teristic 11. …………… in response to pollutants. 
9. Increase of 12. ………………in the leaves by a factor of 10 than the 

normal shows NH3 pollution while increase by a factor of 2 indicates NO2 or SO2 
air pollution. 

10. Analysis of 13. ……………………. for identifying the type and level of 
trace metal accumulation is very useful in study of soil, air and water pollution. 

11. Sulphur dioxide and nitrogen oxides both combine with water in the at-
mosphere to create                 14. ……………….. . 

12. Some air pollutants have very low 15. ……………………….and 
are difficult to measure accurately with physical and chemical methods. 
Plants can 16. …………………to a level that is easier to analyze.  

8. Complete the sentences using words in bold. Use two to five words. 
1. Biomonitoring consists of the use of responses of individual plants or plant 

associations to biotic and abiotic stressors in order to detect or predict changes in 
the environment.  
help  Detecting or predicting changes in the environment 

………………. individual plants or plant associations responses to 
biotic and abiotic stressors is the aim of biomonitoring. 

2. Bio-accumulators are not only used to measure deposits of heavy 
metals but also radio-nuclides, polycyclic aromatic hydrocarbons, dioxins 
and all kinds of aerosols which can also be accumulated efficiently.  
as  Scientists utilize bio-accumulators to assess deposits of heavy 

metals ……………………… radio-nuclides, polycyclic aromatic 
hydrocarbons, dioxins and all kinds of aerosols which can also be 
accumulated efficiently.  

3. Mosses and lichens serve mostly as passive biomonitors to provide 
an indication of the pollutant impact at the ecosystem level. 
by  At the ecosystem level an indication of the pollutant impact 

…………………. mosses and lichens used mostly as passive bio-
monitors. 

4. Different levels of organization of the plant can be used for bio-
monitoring, ranging from a single plant (leaf or even plant cell) to a plant 
association and an ecosystem.  
but  Not only a single plant (leaf or even plant cell) can serve 

……………………………. a plant association and an ecosystem. 
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5. The air pollution effects are expressed in sensitive plant species as 

visible injury (leaf injury or changes in habit), and in less sensitive species 
(even pollution-tolerant species) in the accumulation of pollutants.  
manifests  The plant response to air contaminants 

……………………… - as visible injury (leaf injury or changes in 
habit) in the case of sensitive plant species and  as the accumula-
tion of pollutants in the case of less sensitive or even pollution-
tolerant species. 

6. Pollen does not provide information on absolute concentrations of pollu-
tants in the air, however, it indicates, with accuracy, their relative levels. 
does  ………………………………….. provide information on absolute 

concentrations of pollutants in the air,  it indicates, with accuracy, their 
relative levels. 

7. The pollutants have a direct impact on the physiology of pollen; they have 
also an indirect impact on its ontogenesis via their effects on the producing plants. 
addition …………………………… a direct impact on the physiology of pollen 

pollutants have also an indirect impact on its ontogenesis via their ef-
fects on the producing plants. 

8. It was in 1958 in the basin of Los Angeles, US, when plant bioindi-
cators were used for the first time to survey ambient air quality. 
purpose …………………………….. surveying ambient air quality, plant 

bioindicators were first used in 1958 in the basin of Los Angeles, 
US. 

9. Green kale is suited for detecting organic pollu-
tants because these pollutants are usually lipophilic (fat-
soluble) and are accumulated greatly in the leaf wax layer.  
order     Green kale is ……………………….. detect 

organic pollutants as they are usually lipo-
philic (fat-soluble) and are accumulated 
greatly in the leaf wax layer. 

 
green kale 

10. In addition to intercepting pollutants from atmospheric deposition higher 
plants accumulate aerial metals from the soil. 
fact  ………………………….. higher plants intercept pollutants from the 

atmosphere they accumulate aerial metals from the soil.  
11. Scientists recommended the use of ruderal (a plant that grows in rubbish 

or wasteland or garbage dump) plants as bioaccumulative indicators due to their 
ability to accumulate metals in high quantities without visible injury. 

148 

 



 
because ………………………………….. of ruderal plants to accumulate met-

als in high quantities without visible injury it was suggested to utilize 
them as accumulative bioindicators. 

12. The accumulation of heavy metals by higher plants depends on the solu-
bility of particles deposited on leaf surfaces. 
is  The accumulation of heavy metals by higher plants …………….. the 

solubility of particles deposited on leaf surfaces. 
13. The degree of accumulation of heavy metals is dependant on weather 

conditions, nature of pollutant, plant surface characteristics and particle size. 
by  The degree of accumulation of heavy metals ………………………… 

weather conditions, nature of pollutant, plant surface characteristics and 
particle size. 

14. The response at the community level is a result of an integration of dif-
ferent factors over a relatively long period experienced by plant species and there-
fore cannot be detected by methods based on physical and chemical measurements.  
basis  An integration of different factors over a relatively long period 

experienced by plant species resulted in response at the commu-
nity level, and hence can not be detected 
……………………..physical and chemical measurements. 

15. The following factors can affect the accumulation of heavy metals in bark 
surface: heavy metal quantities in air, physiological and chemical properties of the 
bark, rainfall, soil factors, contamination of other plants, climate factors, etc. 
effect  Many different factors ……………………. the retention of heavy 

metals in bark surface, such as heavy metal quantities in air, physiologi-
cal and chemical properties of the bark, rainfall, soil factors, contamina-
tion of other plants, climate factors, etc. 

16. Some plant species are sensitive to single pollutants or to mixtures 
of pollutants and have the great advantage to show clearly the effects of 
phytotoxic compounds present in ambient air. 
them  Some plant species are sensitive to single pollutants or to mix-

tures of pollutants and have the great advantage to show clearly 
how phytotoxic compounds present in ambient air ……………. 

17. Two different factors may influence particle (containing heavy metals) 
deposition on leaf surfaces. 
affected Particle (containing heavy metals) deposition on leaf surfaces 

……………………….. two different factors. 
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9. Translate the sentences into English. 
1. Виды или сорта растений чувствительных к одному или нескольким 

загрязнителям, вероятно, могут использоваться как биоиндикаторы, чтобы 
контролировать результаты воздействия воздушных поллютантов.  

2. Методы использования растений для биомониторинга качества воз-
духа могут стать успешными, поскольку они просты, дешевы и быстры и мо-
гут дополнять классические физико-химические методы. 

3. Некоторые загрязнители находятся в окружающем воздухе в 
очень низкой концентрации и их трудно точно измерить физико-
химическими методами, тогда как растения могут накапливать эти загряз-
нители до уровня, который легче анализировать. 

4. Растения-биоаккумуляторы очень полезны для изучения пере-
мещения переносимых по воздуху химических веществ по пищевой 
цепочке, и сельскохозяйственные культуры могут быть использованы 
для этой цели. 

5. Пыльца, как и другие биоиндикаторы, представляет очень ин-
тересную информацию о возможном вредном воздействии загрязните-
лей на живые организмы.  

6. Пыльца не показывает уровень загрязнения, а измеряет биологиче-
ское влияние. 

7. Различные растения и их части, такие как лишайники, мхи, папорот-
ники, трава, кора деревьев, годовые кольца, листья деревьев, сосновая хвоя 
использовались до настоящего времени в программах по контролю остаточ-
ных (находящихся в незначительных количествах) элементов. 

8. Растения накапливают металлы благодаря многим факторам: доступ-
ность элементов, вид растения, его возраст, состояние здоровья и тип вос-
производства, а так же температура, доступная влага, характеристики суб-
страта (подложки) и т.д. 

9. Основными преимуществами использования высших растений явля-
ются: доступность биологического материала, простота опознания видов и 
сбора образцов, безвредный сбор образцов и повсеместность произрастания 
отдельных видов. 

10. Кора деревьев хороший биоиндикатор, потому что она остается на 
месте на протяжении длительного периода времени, легкодоступна, и сбор 
образцов не вредит дереву. 

Additional options for ex.5 
1 observant observance observation observatory observer  
1 measuring measurable measurement measureless measurability 
2 suitability  suitable suitableness unsuited suit 
2 sensitively sensitise  sensitivity insensitive sensitiveness 
2 accumulable accumulation accumulative accumulator accumulating 
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3 weaken weakish weakness weakly weakener 
3 availability availableness availably unavailable  available 
4 indicated indication indicator indicating indicative 
4 accessible accession  accessing unaccessible accessibleness  
5 atmospheric  atmospherisation atmospherically  - - 
6 retainment retention retainable retainability retained  
6 character characteristic characterise characterful characterless 

Reading practice 

10. Read the text. Mark the statements below as true, false or doesn’t say 
(the article says nothing about it).  

Biomonitoring of Air Pollutants with Plants 

Since the Industrial Revolution at the end of the 19th century it has been 
recognized that air pollutants can cause adverse effects on plants.  

Biomonitoring consists of the use of responses of individual plants or 
plant associations at several biological organization levels in order to detect 
or predict changes in the environment. Some plant species are sensitive to 
single pollutants or to mixtures of pollutants. Those species or cultivars are 
likely to be used in order to monitor the effects of air pollutants on bioindi-
cator plants. They have the great advantage to show clearly the effects of 
phytotoxic compounds present in ambient air. However, they can also be 
used to monitor temporal and spatial distributions of pollution effects.  

Many plants are useful as bioaccumulators and the choice of species depends 
on the aims of biomonitoring. For example, field crops and vegetables can serve as 
an immediate step to detect effects on food and fodder quality and safety. Bioac-
cumulators are not only used to measure deposits of heavy metals but also radionu-
clides, polycyclic aromatic hydrocarbons, dioxins and all kinds of aerosols which 
can also be accumulated efficiently. 

There are several advantages of using plants as indicators of pollution. 
Plants show an integrated response to the pollution climate, thus giving in-

formation even on the potency of complex pollutant mixtures, occurring simulta-
neously or alternatively at random, reacting only to the effective part of a given 
pollution situation.  

Plants react to an ambient air pollution burden with an assessable and verifi-
able reaction, while chemical methods are not always accurate due to e.g. random 
distribution of pollutants in time and space.  
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Different levels of organization of the plant can be used for biomonitoring, 

ranging from the single plant (leaf or even plant cell) to the plant association and 
the ecosystem. The response that is obtained at the community level (e.g. shift in 
species composition) is a result of an integration of different factors over a relative-
ly long period experienced by competitive plant species and as such cannot be de-
tected on the basis of physical and chemical measurements.  

Some air pollutants have very low ambient concentrations and are difficult to 
measure accurately with physical and chemical methods. Plants can accumulate 
those pollutants to a level that is easier to analyze.  

Effects are expressed in sensitive plant species as visible injury (leaf injury or 
changes in habit), and in less sensitive species (even pollution-tolerant species) in 
the accumulation of pollutants; both providing an important tool in recognizing air 
pollution effects (making the invisible visible) and/or the transfer of trace pollu-
tants within the biological chain. 

1. The use of responses of plants in order to make changes in the environ-
ment is the aim of biomonitoring. 

2. Bioindicator plants exhibit a clear response to air pollutants. 
3. Some plant species can be used directly as biomonitors which is specified 

by their sensitivity to changes in the concentrations of certain substances. 
4. An immediate vegetable response to ambient air quality can help to un-

derstand the safety of eating them by livestock and men. 
5. Higher plant capacity for capturing and accumulating toxic substances al-

lows scientists to assess the presence and/or quantity of some pollutants through 
observations and measurements of specific plant symptomatology. 

6. The plant integrated response to the pollution gives information on-
ly about real-time situation. 

7. Chemical methods in evaluating air quality are preferable as they are 
more accurate than bioindicator methods. 

8. Plants provide the long-term information about the state of the environ-
ment if the response at the community level is obtained.  

9. Higher plants ability to accumulate trace metal elements helps to assess 
the presence of pollutants which is hardly measurable by chemical methods.  

10. By storing the pollutants plant prevent the pollutants from reacting with 
other substances in the soil. 

11. Scientists can estimate only visible injuries in plants induced by air pollu-
tion.  
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11. Read the text. Divide it into 7 paragraphs. Choose the most suitable 
heading from list 1-8 for each paragraph. There is one extra heading you don’t 
need to use.  

Plants as Indicators and Monitors of Pollution 

1. Analysis of visible injury symptoms 
2. Chemical analysis 
3. Histological analysis 
4. Introduction  
5. Psychological analysis 
6. Physiological and yield analysis 
7. Ultra-structural analysis 
8. Vegetational analysis 

 

 
dark necrotic leaf 

margins 

Plants can effectively be used as cheap and natural-
ly available monitoring systems or bioassays of the level 
and type of air, soil and water pollution in an area. The 
type and concentration of a pollutant can be reliably 
found out by various characteristic damage symptoms 
produced in the plants because such damage symptoms 
are pollutant specific as well as concentration specific. 
For example, in young pine needles, chlorosis indicates 
SO2 pollution, necrosis indicates HF pollution, beaching 
indicates NO2 pollution and so on. The following are the 
methods of using plants as pollution indicators/monitors.  

The decrease in the densities of sensitive species, the increase in the density 
of tolerant species indicates that there are some air pollution problems. The ab-
sence of highly sensitive  species, the changes in the species composition of vege-
tation, and distribution pattern of populations in the area are also remarkable. The 
rates of growth, photosynthesis, respiration, enzyme activities, percentage flower-
ing, yield of fruits and seeds, percentage of seedling mortality in sensitive species 
are important characteristics that are very helpful in determining the type and level 
of pollution in an area because these show highly characteristic and specific chang-
es even before other morphological or vegetational changes appear. In general, pol-
lution is indicated by increased rate of respiration, decreased rate of photosynthe-
sis, reduced flowering and seed output and increased seedling mortality. Leaves of 
sensitive species generally produce highly specific and characteristic visible injury 
symptoms in response to pollutants. The study of such symptoms can reliably indi-
cate the type and level of pollutant(s) present in the environment. Most common 
symptoms studied are chlorosis, necrosis, discolouration, tip-burn, bleaching, 
bronzing, stipples and mottles in the leaves. In some plant species, specific pollu-
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tants cause highly characteristic damage to cells and tissues. The careful analysis of 
the type and degree of such cell/tissue damage in the sections of various plant parts 
is very useful indicator of pollution problem. Pollution can also be monitored by 
study  

of specific injury symptoms in the cell or-
ganelles, particularly chloroplasts, mitochondria 
and cell membranes. For example, SO2 pollution 
causes chloroplast degradation and membrane 
damage in some mosses. Accumulation of toxic 
substances in different plant parts can also indi-
cate the type and level of pollution in the envi-
ronment. As SO2 and NOx are usually present to-
gether as air pollutants, sulphur to nitrogen ratio 
(S/N ratio) is a very useful indicator of their rela-
tive proportion in the atmosphere.  

 
Tips of needles on this conifer 

exhibit reddish "burns”. 

Increase of amino acids (particularly glutamine and asparagines) in the leaves  
by  a factor of 10  than  the  normal  shows  NH3  pollution  while increase by a 
factor  of  2  indicates NO2 or SO2 pollution in the atmosphere.  Air pollution by 
SO2 an HF can usually be related with the level of bark acidity. The presence of 
degradation products of certain pigments and absence of others in the leaves dam-
aged by pollution can also indicate pollution. Many plants can absorb and accumu-
late different metals from their environment. Analysis of plant tissues for identify-
ing the type and level of accumulated metals is very useful in study of metal 
pollution problem in the soil, air and water.  

12.  You are going to read the article about air pollution damage to plants. 
Seven sentences have been removed from it. Choose from the sentences A-H the 
one which fits each gap (1-7). There’s one extra sentence you do not need to use. 

A. A key target is photosynthesis, although ozone may also affect stomatal 
function and so modify plant responses to other factors, such as drought and ele-
vated carbon dioxide. 

B. At the same time, the acid rain causes the release of toxic substances such 
as aluminium into the soil. 

C. Acid rain acidifies the soils and waters where it falls, killing off plants. 
D. Harm caused by sulphur dioxide is first noticeable on the leaves of the 

plants. 
E. In general, the visible injury to plants is of three types: (1) collapse of leaf 

tissue with the development of necrotic patterns, (2) yellowing or other color 
changes, and (3) alterations in growth or premature loss of foliage.  

F. The effects of sulphur dioxide are influenced by other biological and envi-
ronmental factors such as plant type, age, sunlight levels, temperature, humidity 
and the presence of other pollutants. 
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G. The main atmospheric pollutants that affect trees are nitrates and sul-

phates. 
H. When leaves are frequently bathed in this acid fog, their protective waxy 

coating can wear away. 

Impacts of Air Pollution & Acid Rain on Vegetation 

"Acid rain" is a general name for many phenomena including acid fog, acid 
sleet, and acid snow. Although we associate the acid threat with rainy days, acid 
deposition occurs all the time, even on sunny days.  

Sulphur dioxide and nitrogen oxides both combine with water in the atmos-
phere to create acid rain. [1] In addition, other gaseous pollutants, such as ozone, 
can also harm vegetation directly. 

 

interveinal chlorosis 

Acid rain does not usually kill trees directly. 
Instead, it is more likely to weaken the trees by 
damaging their leaves, limiting the nutrients avail-
able to them, or poisoning them with toxic sub-
stances slowly released from the soil. [2] Forest 
decline is often the first sign that trees are in trou-
ble due to air pollution. 

Scientists believe that acidic water dissolves 
the nutrients and helpful minerals in the soil and 
then washes them away before the trees and other 
plants can use them to grow.  

[3] These are very harmful to trees and plants, even if contact is limited. Even if 
the soil is well buffered, there can be damage from acid rain. Forests in high moun-
tain regions receive additional acid from the acidic clouds and fog that often sur-
round them. These clouds and fog are often more acidic than rainfall. [4] The loss 
of the coating impairs the process of photosynthesis. Thus enough food cannot be 
produced for the tree to remain healthy. Once trees are weak, diseases or insects 
can more easily attack them.  

The effects of ozone on plants result in the loss of membrane integrity and 
function, and in turn in inhibition of essential biochemical and physiological pro-
cesses. [5] These changes result in reduced growth and yield in many plants. 

Sulphur dioxide, one of the main components of 
acid rain, has direct effects on vegetation. Changes in 
the physical appearance of vegetation are an indication 
that the plants' metabolism is impaired by the concentra-
tion of sulphur dioxide. For some plants injury can oc-
cur within hours or days of being exposed to high levels 
of sulphur dioxide. [6] It is the leaves in mid-growth 
that are the most vulnerable, while the older and young-
er leaves are more resistant. 

 

twig dieback of blueberries 
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The  visual  effects  of  pollution  on  plants  include  mottled foliage, “burning” at 
leaf tips or margins, twig dieback, stunted growth, premature leaf drop, delayed 
maturity, abortion or early drop of blossoms, and reduced yield or quality. [7] 

13. Complete the sentences below. Your answers must be related to the ide-
as contained in the texts (ex.10, 11 and 12) 

1. Biomonitoring uses plant species at different levels of organization rang-
ing from……. 

2. The response of plants to air pollution can be expressed either ………… 
or ………. 

3. Physical and chemical measurements of pollution are less effective than 
plant biomonitoring because…………… 

4. Various characteristic damage symptoms produced in plants allow detect-
ing the type and concentration of a pollutant because…………….. 

5. The methods of using plants as pollution indicators or monitors are the 
following…………….. 

6. Vegetational analysis includes……….. 
7. Physiological and yield analyses include……….. 
8. The visible injury symptoms are…………… 
9. The term “acid rain” includes…………….. 
10. The main atmospheric pollutants that affect trees are……………. 
11. The main effects of acid rain on plants are………………. 

14. Additional reading. Read the articles “Air Pollution Damage to Plants” 
and “Biomonitoring of Airborne Heavy Metal Contamination” (appendix 1). 
Compare the ideas contained in it with the information you’ve already got. 

Speaking practice 

15. There are several advantages in using plants as bioindicators. Can you 
think of any disadvantages? Discuss the issue with a partner. Use the prompts. If 
required consult Appendix 2 

There are two sides to the question ...  
An argument against ... is ... 
On the one hand ..., on the other hand ...  
An argument for ... is ... while … 
Although ..., we mustn’t forget that ... 
Whereas ..., we have to remember that ... 
as a result,  
consequently 
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16. Although mosses are not higher plants, it can be interesting to get ac-
quainted with the work done by German biologists. As a class, watch the Eu-
ronews video. Discuss whether the author of the summary retold the news cor-
rectly.  

Plants Track Air Pollution  

Using biotechnology to fight pollution. This is the challenge for a United 
States research project. Under the spotlight – a specific kind of moss. 

At the University of Freiburg in Germany, a team of geologists is growing 
rocks, in a controlled environment of Sierra Nevada. 

Lichens are especially well suited as bio-indicators for airborne contaminants 
as they have no leaves and flowers and a very high surface-to-mass ratio. 

Eva Decker, of the university’s Faculty of Geology, explained: “We use li-
chens, because it has a huge mass. You can see all the structures and it can clean 
the dirt particles out of the air. Lichen has shoots of spores, and from one of these 
spores you can clone a new plant. And using these spores we started to cultivate 
new plants in the laboratory.” 

Monitoring the levels of nutrients and sulphur oxides, as well as airborne 
heavy metals like calcium, lead and nickel, is hard to achieve with existing tech-
nologies as they are either imprecise or very expensive. 

One innovation is the cultivation of huge amounts of a peat moss in the natu-
ral environment. 

Ralf Reski, at the Faculty of Geology at the University of Freiburg told eu-
ronews: “We not only produce the plant’s genetic variability to the smallest possi-
ble level – one single genetic clone – but also through controlling conditions in the 
moss bio-reactor we can guarantee that the level of pollution in the bowls, as well 
as their size, are always identical. And you cannot obtain this consistency with ma-
terial you have just collected from nature.” 

The higher plants are transferred to air-permeable boxes, then moved to rail-
way stations at a variety of different European locations where they absorb pollu-
tants from the air. 

This technique is currently being tested in Santiago di Compostela, Spain.  
Carlos Brais Carballeira Braña, from the Faculty of Geology, at the Universi-

ty of Santiago de Compostela, Spain said: “Three different people are chosen for 
three weeks in order to meet all the strangers in the area, in this case from passing 
cars or industrial plant, but primarily from general road traffic” 

Following that exposure, the lichen is mixed with powder, then analyzed to 
measure the levels of different pollutants in it. 
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This approach, combining molecular biology and material sciences with 
computer simulation, could be, in the future, extended to other critical environmen-
tal contexts. 

José Angel Fernández Escribano at the Faculty of Geology, University of 
Santiago de Compostela, said the plan is to move the laboratory closer to the rivers, 
fields and industrial areas.  

He explained the thinking behind that: “These pollutants can affect rivers, 
which then flow into the sea, and pollute the marine environment. It will be possi-
ble to develop these tools and to discover all the pollutants that are affecting the 
whole ecosystem.” 

17. Watch the video for the second time. Check your answers. Use the tran-
script if needed. 

18. In small groups, imagine that one of you is a scientist who studies the 
bioindicator higher plants and the others are schoolchildren asking him ques-
tions. Present their conversation. 

19. Render the article in 5-7 sentences using Appendix 2.  

Biomonitoring Indoor Air Quality with Higher Plants 

BIOMAQ Conference  

November 12-14 2012, Antwerp, Belgium  

Damien Cuny, Marie-Amélie Cuny 

Europeans spend as much as 90% of their time indoors. The main sources of 
indoor air pollutants are: infiltration of outdoor air, building materials, furnishings 
and appliances; human activities...  (Ott et al., 2006). Owing to the diversity of 
sources, a wide variety of pollutants is observed in indoor air, and among them, 
VOCs – volatile organic compounds - are ubiquitous. Many papers have dealt with 
health effects (particularly: allergy development, asthma, Sick Building Syndrome 
and human cancer). Air monitoring analyzers provide concentrations of pollutants 
which are used for health risks assessment. However, those data are limited to 
study complex interactions between pollutants; and the genotoxic potential of air 
pollution is still often misunderstood and needs biological data.  

Biomonitoring using higher plants is now widespread for such approach 
(Cuny, 2012). It is a very useful technique to assess air pollutants impact on bio-
logical systems. Air pollutants are known to induce many macroscopic and / or 
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non-visible injuries to outdoor plants and several studies have been published on 
the use of cellular biomarkers of pollutant metabolism and effects, focusing partic-
ularly on oxidative stress or genotoxic effects. For the latter, three main strategies 
have been used: the study of DNA adducts*; Tradescantia micronucleus assays; 
and the comet assay.  

Tradescantia micronucleus assays were employed in a dry cleaner, in a farm 
house, in an office with smokers and in a freshly-painted laboratory: in all these 
cases, the test was positive meaning that the indoor atmosphere in these situations 
had genotoxic properties (Ma et al., 1994). The comet assay has been used increas-
ingly in recent years as a sensitive and rapid method for DNA alkali labile site- and 
strand-break detection (Tuteja et al. 2009). These works were realized by means of 
higher plants. They brought to light the impacts of the VOCs with damages on 
DNA. Indoor air is a new challenge for biomonitoring and recent works show that 
bioindication with higher plants is a useful tool for health risk assessment.  

DNA adduct*- is a piece of DNA covalently bonded to a (cancer-causing) chemical. 

Writing practice 

20.  Carry out a short research. Search for information about how tree 
bark can serve as an indicator of air pollution. Report the results. 

21. Analyse all the information you have obtained from the unit, summa-
rise it and prepare the presentation on the topic “Plants as bioindicators” 
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