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Abstract 

Biological communities provide a direct means of 
observing the impact of co,ntam,ign“ants because -they are 
exposed to, and directly involved in, the transformations 
that contaminants undergo in freshwater ecosystems. The 
response of these communities provides a direct measure of 
the net toxic burden impacting anecosystem. The purpose 
of this paper is to review the role of chironomids (Diptera: 
Chironomidae) in aquatic communities and, in pa’rticu|a‘r, 

the utility of morphological deformities "in chironomid 
larvae for detecting and assessing the significanceof 
contaminants in freshwater ecosystems. 

Flésumé 

C’est par Ie biais des communautés biologiques que 
|’on peut observer d'ire‘cte‘men_t Ies effets des contaminants 

r elles sorit exposées aux transformations que subissent 
Ies substances dans les jécosystémes d’eau douce {at y con- 
tribuent directement. Les réactions dé—ces communautés 
permettent de 'm‘esurer directement la charge nette de sub- 
stances toxiques agressant un écosystéme. L’objet de ce 
rapport est d'étudier le role des chironoinides lDiptera : 

Chironomidae) dans les communautés aquatiques et, plus 
particuliérement, d'e'>'(aminer Ia possibilité d’avoir recours 
aux anomalies morphologiques des larves de ces insjectes 
pour déce_|er la présence des matiéres o‘on_t,amina,n_tes et 
évaluer |'importan'ce de leurs incidenoessur les'écosystémes 
d’eau douce. ' 

vii



Executive Summary 
Con_ta‘mination of the environment by chemical 

wastes poses: one ‘of the. most serious threats to the quality 
of life in Canada and the world today. Through use, waste, 
and discard, a_n immense a_mount of chemicals in some form 
or other is entering the environment and threatening the 
stability of the ecosphere (Hall and Chant, 1979). 

The more tr_'aditi'ona| toxicology methods have largely 
proven inadequate to meet the challenge posed by contami- 
nants in freshwater ecosystems (Hall and Chant, 1979). 
Acco,r_ding to N RCC (1985), "there are no methods available 
that are widely accepted and reliable for determining the 
degree of impact of [these] chemical contamina_nts on 
free-liv_ing or_g‘an,ism‘s." More and more, emphasis is shifting 
towards an ecological approach_to'measuririg the health of 
freshwater ecosystems where “even the least effective, 

crudest ecological methods are superior to pipe and 
technology-based standards for protecting the environment. 
Ecological methods are the only methods that have a feed- 
back loop from the system being protected, based on eco- 
logical qu_'alit,ieis"’ (Ca‘ir'ns, 1986). Without a means of deter- 
mining environ_menta'_l response to contaminant stress 

directly, preservation and, control of the quality of 
freshwater resou'r'ces will never be effective. 

Biological communities provide a direct means of 
observing the impact of contaminants because they are 
exposed, to, and directly involved in, the transformat_ion_s 
that contaminants undergo in freshwater ecosystems. The 
responses of these communities provide aidirect measure of 
the net to)'<i'c burden impacting an ecosystem. The purpose 
ofitgngis, paper is to review the role ‘of chironomids (Diptera: 
Chironomidae) in ‘aquatic communities and, in parti,cu_|,ar, 

the utility of morphological deformities in chironomid 
larvae for detecting and assessing the significance of 

contaminants in freshwater ecosystems. 

Chironomids possess a number of advantages that 
make them particularly suitable for accessing the highly 
complex and dynamic world of the freshwater ecosystem. 
Their advantage lies in the structure and characteristics of 
the family Chironomidae, which, in large measure, integ'rat_es 
the key features of almost every type of freshwater eco- 
system. These advantages can be summarized as follows:

0 

viii 

Cosmopolitan distribution. The worldwide dist_ribu— 
tion of the family accords them the potential to be a 

truly international, in'ter‘co’nti‘n'en'tal biomonitoring 
group. 

Family s_ize._ The family represents the largest family 
of aquatic insects, and the ge,nera'composing the 
family seem ubiquitous and similar worldvvide. 
This makes possible comparison of results on both 
micro-scales (site-specific) and macro-scales (regional, 
national, or international).

‘ 

Habitat diversity. Chironomids inhabit virtually every 
type‘ and condition of aquatic habitat and represent 
all functional groups within these habitats. 

Environmental sensitivity. Chironomids display an 
exceptionally wide range of sensitivity to environ- 
mental parameters, which meansthat the key features 
of the ecosystem will be integrated either at the 
individual or family level. 

Enviranmentalutility. Chironomid comgmunities have 
already been used successfully in the lake classific_a- 
tion system to define the trophic state of lakes. 

Food chain relationships. As a primary source of food 
for fish and ducks, chironomids form a primary link 
in the transmission of contaminants from sediments 
to the higher levels of the food chain. 

Life history stages. Chironomids are exposed to 
cont’a'min‘a’nts throughout the longest, most critical, 
and metabolically active‘ stage of their life cycle — the 
larval stage. 

Life cycle length. The larval stage is long enough 
(typically about 11 m0,nfl1s under Canadian condi- 
tions) to provide a good reading of envi,ron,me_nt‘a”| 
conditionsand yet short enough to be manageable in" 

practical terms. 

Preservation of larval remains. The head capsules of 
larvae preserve well in sediments and leave a perma- 
nent record of past en_vironme_nt'al conditions in time 
frames ranging from years to millenia.



10. Pa/aeo-reconstruction of environmental change. 
Pre-impact conditions" can be reconstructed from 
chironomid subfossil assemblages to provide target 
goals for ‘mitigation and reclamation procedures. 

11._ Culture experiments. Some species (e.g., Chironomus 
tentans Fabricius) are. easily cultured in the laboratory 
and can be used in dose-response experiments to 
validate and caflibrate responses observed in field 

populations.
' 

A number of reservations concerning the suitability 
of the chironomid family as environmental indicators have 
been voiced. These arise primarily from the daunting size 
and complexity of the family and the lack of detailed 
autecological information on individual species. These may 
"not prove as d'isadva'n‘tag‘eous in the long run. as might be 
expected, as evidenced. in the following arguments. 

1. Taxonomic complexities. The size of- the chironomid 
family is truly daunting for the uninitiated, but 
‘identification keys are rapidly improving and, as long 
as distinct. types can be separated, an immense 
amount of useful information can be derived without 
having to resort to definitive identifications. 

2. Life history and ecological requirements. Morpholog- 
ical studies of individual responses to conta'minan‘ts 
do not immediately require a detailed’ un'djersta_nd_ing 
of these requirements. It is the quality of the environ- 
ment that is important; all other ‘parameters are 
alirjeady integrated by the animal.

’ 

3. Generic responses. At the present time, it appears 
that different genera respond differently to differen_t 7 

contaminants. The reason for this is not known, but 
this fact may, invthe long run, turn out to prove 
advantageous‘ in discriminating between different 
chefrnicals or cl_a_sses of chemical contaminants. 

A 
Morphological deformities i_n individual chironomid 

lar'vae ‘possess a nu.mbe.r of advantages for detecting and 
assessing theimpact of contaminants in aquatic ecosystems. 
These are ,as,'follorw's”.— 

1. Role of we individual. represent the 
most b‘asic_unit of biological communities. They 

integrate into a single whole the lower levels of 
biological organization (r'nolec'u'|ar,- cfellular-, and 
organ) and form the building blocks for the higher 
levels of organization (populations, communities, and 

' ecosystems). 

2-. Early warning indicator. All toxic effects begin with 
interactions between a contaminant and an individual 
organism. Because individual responses occur_ before 
population and community respon_ses, changes that 
can be detected at the level of the individual organism 
are likely to be more sensitive indicators’ than changes 
observed at the higher levels of organization. 

3. Permanency of response. Morphological deformities 
represent direct physical responses to contaminants 
that cannot _be modified or altered by sampling or 
other types of stress. '

V 

4. Archivabi/ity; Properly prepared slide-mounted speci- 
mens provide a p'erm'anent record of co_ntami,nant/ 
individual interactions that can be archived for future 
reference and exchanged between" laboratories for 
interlaboratory comparisons. Permanent-— collections 
archived for fut‘u're*review and comparison are partic- 
u|'a'rly important in monitoring programs and in pro- 
grams where, mitigation/reclamation procedures are 
being implemented. 

. 5. Preservability. Chironomid remains preserve well in 
sediments. Preservation records not only morpholog- 
ical respon's'es‘:to' conta’mina_ntjs, but also fundamental 
long-term changes to population and community" 
structure. 

Morphological defor’mities probably will proveomost 
useful in three areas of. biological effects monitoring‘: 
detection, assessment, and determination of the success of 
mitigation. A fourth use -— the identif_ica_tion of specific 
contaminants "or classes of contaminants ‘— remains" a 
tantalizing, if not more difficult, possibility at this tifne. 

1. Detection. One of the most critical steps in reso|_ving 
V 

a problem is recognizing that a probl,em*ex-ists. Detec- 
tion must be done with a broad enough brush to "be 
efficient and yet at a fundamental enough level to be 
effective for early warning. The chironomid family‘ 

‘ meets both these criteria. ' '



2. Assessment. Where single contaminants are present, 
very specific tests ‘can be used to determine effect. 
Unfortunately, it is more often the case that many 
c,hemica|‘s are present, interacting with one another in 
such a way that specific tests are inappropriate, if not 
impossible, to conduct. Chironomid communities 
integrate these interactive effects and provide a 

measure of the "total net toxicity” impacting the 
ecosystem. 

3. 
’ 

Determination of the success of mitigation. Chirono- 
A 

mid commu nities are important in this often neglected 
areaof research in two ways.- First, conditions prior 

' to de‘fi'l'e'm‘e‘nt by contaminants can be reconstructed, 
using palaeo—techniques, to providetarget goals for 
remedial work. Because they lack preservability, soft- 
bodied animals‘ do not offer this advanta’ge. Second, 
because most first instar larvae are planktonic, chiro- 
nomid larvae can rapid|y.reco_|onize an ecosystem as 
e,nviro_nme_ntal conditions improve. 

4. ',Ide'ntificajtion. The ability to identify specific contam- 
inants gor .cla‘s_s_es-of contaminants is a -highly desirable 
objective, but one that may be difficult to achieve. 
There are encouraging signs that the potential is there 
(e.g., the palmate stjrufctures on theea ntennae of larvae 
from Tobin l..ake)',',but suoh specificity will probably 
be difficult to achieve. Specificity of response will 
lprobably be achieved through the mosaic of responses- 
shown by larval communities rather than single, 

contaminant-specific morphological responses; 

Morphological deformities in chi_ronomid larvae show 
considerable potent_i_~al for monitoring the biological effects 
of contaminants, but the te_chnique's for using these, re- 

sponses to co_nt_a_'mina'nts are still very much in the develop- 
mental stages. Standard methods for the prepa_rati_on and 
mounting of specimen material h_ave been detailed, "and a 

system for numerficfally quantifying the severity of deformi- 

ties in larval antennae ha_s been proposed (Warwick, 1985)’. 

Analysis of populations from uncontaminated sites and 
sites of differing levels of contamination is continuing in 

order to define the range of deformation attainable in other 

morphological structures; of the head capsule. Initial infor- 
mation SUQQBSIS ‘that, at higher conce_ntrat_ion_s, the antennae 
are no longer “able to respond and th'at'_respjonse shifts to 

other, ‘perhaps less sensitive, hard parts of the head c_a'psu'le, 
such a_s the teeth and mandibles. The’ information. derived 

. from these structures will be used to refine diagnostic 
capabilities of the technique and will be in_clucled in a com- 
prehensive lndex_ of Total Morphological Response -for 
individual larva. 

It is impossible at this point to tell how-jfar the
a 

technique can" be developed and ‘refined, but there are 
certain very definitive statements that can be made. Mor- 
phological analyses meet, in part or in whole, the three 
broad criteria listed by NRCC (1985) for biol_ogical moni- 
toring tests: relevance, transferability, and refinement and 
development. 

1. Relevance. There can be no doubt about the relevance 
of deformed larvae in the environment. The hypo- 
thesis-linking morphological deformities with con- 
_taminant_s originated with. the observation that 
deformed larvae occujrred in. areas receiving industrial 
and/or agricultural contamin,a_nt_s,— but not in areas 

receiving domestic sewage. The prresence of deformed 
larvae, particularly" those displaying massive a_nd gro- 

tesque malformation, clearly indicates that7environ- 
mental conditions have been seriously" _degraded by. 
chemical, contaminants.

' 

2. 
’ 

Transferability. Permanent slide mounts of specimen 
material from different ‘areas are easily ex_c4hanged}for 
interlaboratory corn'pa‘riso’n and calibration. These 
slide mounts also provide a permanent record, of 

community responses that is archivable and readily 
available for future reanalysis andacomparison, 

3. Refinement and development. Although there isstill 
considerable work to be done on r’efini'ng the tech- 

nique, this in no way detracts from theobvious 
benefits of starting a piljot program at the present 

time. Although the full potential of such a program 
may not be realized immediately, the materials pre- 
pared for such a program would not be lost, but 
would always be available for reanalysis as techniques 
a_re further refined. Such a program, even if intro- 

duced on a limited scale, would go a long way in re- 
dressing the perennial problem of lack of background 
data. To put it another way, we must start somewhere



and better now than later. The i_ntroduction of a pilot 
programwould involve other workers and do much 
to develop the te‘ch'nica| expertise required. l't_wo'u|_d 

also ‘greatly speed and assist in expanding the data 
base on mo,rpho|o_gica'|, temporal, and spatial variation 
and in realizing the full potential of the technique. 
Field data should also be validated and calibrated by 
comparison with responses induced in larvae exposed 

"under controlled conditions’ to chemicals of known 
te"ra'togeh'i‘cit_y-. 

This paper .was.prepared in response to a request 
from m'an‘a‘gem‘e’nt of the Na'it_io"r‘1fal Hydrology Research 
Institute. It p'rov_ides information on a number of practical 
considerations ranging from sampling techniques to an_alysis 
and report preparation. Also igncyluded are some thoughts 
and suggest'ions on s,t§ff,i,ng req_uirement's, comparisons with 

‘ 

other techniques, and directions for future research. 

Although. the ‘techniques for using these physical 
responses are still much in, the developmental stage, there _ 

is no arguing the relevance and environmental importance 
of morphological defor'n1it'ies and their grelationship to 
contam'i’na’n't”s. At sits" m_os,t-fundamental, the presence of 
larfge ‘numbers ofadeformed larvae signal that something is 
rfladi<_:al_ly wrong with their environment. since ¢hi_ronomid 

i larvae form an in't'e'gr'al lirik in aqugatic food chains, and 
'since humans ‘are ifiti_n'_1at_el,y and ultimately linked to these 

A" same sy'stem_s, it is important "that we heed the warning 
that these rnorphological responses-convey. 

xi‘
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Preface 

To i,lIust_ra,tje the extent andburgency iofithe problem 
facing Canadians today by <_:onta,m_inuant§ in th’eir envi- 

ronrnent, I quote the opening remarks m.ad.e by Di». |_'-an
' 

McTagga_rt4Qo'vv'afi in Hail and Chant’s (1979) report to the. 
C_anadian _Environmenta_I Advisory Co‘un'cil.bHis words say it 
all! 

One of the most daunting_environmenta1problems of 
our timearist.-gs "from the flood of man—made chemicals 
pervading our lives; The products or byaofoductsjof 
our industries, they are in every home in a multitude 
of forms . . .,in variety too numerous to list. The in- 
genuity of those who have contrived new chemical 

‘ cambounds and devised new ways or ins€eir1tih‘t7“ theifi. 
into ‘our econorn'y in useful forms or new processes 
has had much to" do with zI2e1mpr;avernen‘t ‘of, the 
human state. ‘ 

V

’ 

We have too frequently ignored the _o'th‘er,side of the 
coin.” To'our distress, we have slowly‘ learned» that- 
some of thesejproducts are damaging tohuman health. 
For some of these, have developed restrictive 
legislation which hope will protect u,s;.; But" the 
ultimate fate of every compound is to be. disflhafééd 
via the sewer or "the" inéiherator stack orlby accident 
into me air, the .water or onto “the land, where singly 

_ 
or in ¢¢2Ti1binaitian'd)ey alter d,1e,en.l/irbfflliiénn ‘Species . 

are destroyei;'l,- lakes. and rivers lose. their ability to 
support theirnorinal _faunas, vegemfion changes; we 
habimts upon VI!/.A7,l.'_f_-'17./_l'f_9" forms depend become less 
suitable‘ as places for plants,- animals and man to 
survive.- 

It is urgent that Canadians clearly grasp the extent 
and insidiausness of dtis threat to the livability of our 
environment It is imperative that they support the 
slow, undramatic, costly, perhaps uncomfortable but 
undeniably essential steps to redress the rapidly ac¢_el.- 
erating‘. ,. _. 

deterioration caused by . . . contaminants 
in the environment;

' 

These words werewritten in 1979. They are,as 
pertinent now as they were then.



The Use of Morphological Deformities in Chironomid 
Larvae for Biological Effects Monitoring 

W.F. Warwick 

INTRODUCTION 

Ecotoxicity, the defilement of the environment by 
chemical wastes, is one of the most serious threats to the 
quality of the Canadian environment today. According to 
the Canadian Environmental Advisory Council, _environ- 
mental contaminants pose one of the most serious threats 
to human and erivironrnerital well-being now confronting 
Canadians. Chemicals and chemical technology dominate 
all facets of our society, not only through the established 
chemical industry, but through almost every other industrial 
a_nd com_m_ercial; activity. Our tech_nologica_l lifestyles 
depend heavily on chemicals to the extent that the industry 
(now generates for every inhabitant in North Arnerica more 
than one tonne of chemicals per year, comprising more 
than 60000 different substances (Hall and Chant, 1979). 
Through use, waste, and discard, this immense amount of 
chemicals eventually ends up in the environment in some 
form or other. implicit in society's actions has been the 
assumgption that the environment is infinitely resilient, able 
to withstand almost any abuse. This assumption is no longer 
tenable’. In recent years, it has become all too apparent that 
not only is the systematic degradation of the environment 
undesirable, but the stability of the ecosphere is itself 
threatened by people's unthinking actions (Goldsmith 
et al., 1972). 

Once in the environment, many chemicals, by their 
very nature-, a_re rapidly taken up by living organisms. 
Because of the interrelationships between biological sys- 
tems, these spread rapidly and pervasively through all l_ivi_ng 
organisms. The spread of toxic chemicals has had a devas- 
tating effect on ‘the extremely complex organization of 
different forrns of life and the elaborate mechanisms by 
which they interact. Many of the more sensitive forms have 
been reduced or eliminated with consequent effects on the 
ability of an ecosystem to adjust and maintain its basic 
features. Toxic chemicals, through their insidious spread 
and i,n'vasive' power, have, introduced an element of in- 
creasing instability into the ecosphere as a whole (Goldsmith 
et al., 1972). ‘ 

There is good reason to believe that the more serious 
aspects of e‘nvi'ron_men_tal contamination result from the 
acc'urriulated_ effects of tens of thousands of contaminants 

in interact_ion with one another in the environment. The 
problem for society is that once a chemical enters the en- 
vironment, it is impossible to control or contain. individual 
chemicals rapidly change their cha_racteristics in the aquatic 
environment. Interaction among pollutants is moreloften 
present than absent. Individual chemicals are modified and 
integrated through physical, chemical, and biological pro- 
cesses to the extent that the total effect of a large number 
of minor pollutants may be as great as, or greater than, that 
of a major pollutant (SCEP, 1970): seldom do they act 
antagonistically to cancel out adverse effects (Regier, 1986). 
The more serious aspects of environmental conta_m_ination, 
therefore, derive from a multitude of chemicals that inter- 
act simultaneously and synergistically, whose effects are 
Iong-term, indisc’rimina't'e, often irreversible, and that have 
deleterious effects even at low concentrations. 

The effects of subsequent interventions generally 
are cumulative and degrade the environment further. At 
present-, there are no good means of evaluating cumulative 
impacts, either from methodological or regulatory poi_nt_s 
of view (Dayton, 19'86k-—sThe law ge,neraI_|y focuses on 
project-specific i"mpacts,v irrespective of possible cumulative 
impacts already in effect or that could result‘ from’ other 
projects known or projected. Furthermore, most environ- 
mental regulations ignore potential additive. effects on 
linked ecosystems over any spatial or temporal scales. A 
pract_ica| result is that people supporting aproposed en- 
vironmental perturbation can argue that their project would 
have a negligible effect compared to the background situa- 
tion, even if the background situation is badly disturbed. 
Clearly, a moreholistic approach is needed. 

The adoption of an ecological approach has been en- 
couraged by a number of researchers (Hall a_nd Chant, 1979; 
Cairns, 1980, 1981, 1983, 1986; Cairns and van der ScWhaIie, 
1980; Beanlands and Duinker, 1983; Regierl and Grima, 
1984). According to Cairns (1986), "even the least effec- 
tive, crudest ecological methods are superior’ to "pipe and 
technology-based standards for protecting the environment. 
Ecological methods are the only methods that have a feed- 
back loop from the system being protected”, based an eco- 
logical qua|ities." Without a means of directly determining 
environmental response to contaminant stress, preservation 
and control of environmental quality will never be effective.



The purpose of this paper is to review the role of 
chironomid larvae in aquatic com_mu_nit_ies and particularly 
the utility of morphological deformities for detectingjand 
assessing the ‘sig'nif'i’c'ance.of contaminants in freshwater 
ecosystems. Biological, communities as a whole provide a 

way to observe the impact of contaminants directly because 
they are exposed to, and directly involved in, the transfor- 
mations that contaminants undergo in aquatic environ- 
ments. Thus, theirgresponses provide a direct measure of the 
net toxic burden irnpacting the ecosystem. 

There are a wide variety of choices available for a 

suitable biological indicator, but chironomid larvae possess 
a nurh'b‘er of advantages that make them particularly 

sL_iita_ble_ for accessing the highly complex and ‘dynamic 
world of the aquatic ecosystem. In addition, morphological 
deformities in chironomid larvae have shown considerable 
potential for detecting and assessing the effects of contami- 
nants. The techngiqges for using these ‘morphological mani- 
festations are still in the developmental stages, but there is 
no arguing their relevance to environmental contaminants. 
Even at the most fundamental level, the presence of gro- 
tesquely deformed larvae ‘signals that something is fun- 
damentally wrong with their. environment. Continuing 
research has shown that the more subtle morphological 

responses also correlate with levels of contamin_atio,n, but 
these relationships may not always be as straightforward as 
one might expect-. ' 

The purpose of this paper is (1) to present the chiro- 
nomid as atest animal, (2) to discuss its place and utility 
in environmental science, (3) to discuss the state of develop- 
ment of the biological screening tool based on morpho- 
logical defo'r'mities, and (4,) to assess the prospects for 
routine application of morphological techniques for asses- 
sing the degree and nature of environmental degradation, 
i.e., the state of health of aquatic environments. 

LEVELS OF BIOLOGICAL ORGANIZATION 

Biological communities are arranged (Fig. 1) in a 
hierarchy of seven basic levels of organization to make up 
the ecosphere: ecosystems, communities, populations, 
individuals, organs, cell_s, and molecules. In theii'p"o’tentia'I 

. for ecological monitoring, each level is charactecrized by 
inherent strengths and 'weaknesses'. 

Figure 1 presents a stress/response matrix (adapted 
from NRCC, 1985), which shows that 

STRESS-SIEVERITY Mild 

RESPONSE SEVERITY 
PRIMARY 

~initia| response Molecule Cell 
-early warning 

. -reversible 
-SQIHSIIIVB 
often not. specific 
-relevance hard to identify 
-subtle 

SECONDARY 
-cofhjpeensaitory 
-reversible 
-may have some costs 

TERTIARY 
-after compensation 
fails - crisis

‘ 

-irreversible 
-highly relevant 
-easy to observe - 

RESPONSE Rapid 

Organ Individual 

- » I» Severe 

Population Community Ecosystem 

I, 
I 

I

I + Long-Term’ 

Figure 1. Stress/response matrix. Adapted from NRCC (1985)-—



v 

-(1) a primary response at the individual level will cause 
few, if any, changes at the population and community 
level; 

(2) a secondary response at the individual level will have 
some energy cost (e.g., reduced growth rate), which 
may cause some primary changes in population 
structure; 

(3) a tertiary response at the individual level (e.g., high 
mortality of a specific age class) may cause significant 
changes in population structure leading to compensa- 
tion (e.g., changes in fecundity) and some early 
changes in community structure (e.g., changes in 

predator-prey relationships); 

(4) a tertiary change in population structure (e.g., extinc- 
tion of a species) may cause secondary or compensa- 
tory community changes (e.g., change in species 
dominance); 

(5) a tertiary change in community structure would 
rep'r'esent loss of species and would be equivalent 
to a complete degradation of the environment (e.g., 
o|igochaete—d,ominated benthos near sources of 
organic pollution). 

The Ecosystem 

At the one extreme, natural ecosystems are complex, 
highly variable, and regionally differentiated; only they 
possess the depth and sensitivityiof information needed to 
give a true estimate of the ecological impact of contami- 
nants on the em/i,ro_nme,nt. The very complexity of the eco- 
system is the stuff‘ and purpose of its stability. Damage to 
the microcomponents of the system reduce its ability to 
respond and to recover from chemical degradation. Any 
sensitive operational tool should be able to determine how 
many microcomponents of an ecosystem can be damaged 
before _"the largeir system shows substantive deterioration_. 
An analogy would b_e_: How many rivets can fall out of an 
airplane before it crashes? Good maintenance is essential if 
d_isast,er is to be averted. This applies equally well to an 
airplane and to. an ecosystem. We must learn to "inspect all 
the,rivets"" if we are to avert environmental disaster. 

The difficulty with the ecosystem level is its inherent 
complexity. Relat_ion_sh_ips in natural systems are nonlinear, 
and most a_re marked by thresholds, limits, and discontinu- 
ities. It is small wonder that ecologists have trouble agreeing 
to unifying themes (Dayton, 1986). 

One of the most difficult problems ecologists have is‘ 
impressing upon-legislators, regulators, and others with non- 

biological backgrounds the difficulties and complexities of 
natural systems and yet com,municat_ing an appreciat_ion for 
the benefits to be derived from an ecological approach to 
environmental assessment. As Cairns (1986) states, we seem 
to err on the one hand by" saying that ecosystems are so 
complex that they defy any meaningful understanding, or 
that one cannot possibly predict what will happen in an 
ecosystem as a result of the introduction of a chemical or 
any particular intervention. On the other hand, we say that 
one or two simple tests involving a single species will enable 
us to predict ecosystem health. The "o've’ra‘w’ed by com- 
plexity" attitude is a paralyzing one, inhibiting constructive 
-action, but dependence on a single species or tests with 
little environmental realism could lead to serious problems 
when dealing with complex, highly dynamic systems. In that 
uncomfortable, intellectually unsatisfactory middle ground 
lies the strategy that will enable us to deal with contami- 
nants in the environment in a satisfactory, responsible 
manner. 

Communities and Populations 

Organization at community a_nd population levels is 

similarly complex and subject to enormous variability. 
Communities are composed of many populations and both 
share a number of elementary characteristics (Dayton, 
1986). Large numbers of the components (populations and 
individuals) interact with each other in'a variety of ways, 
including, reproduction, intra- and interspeci_fic competition, 
comr'n‘unication, predation, and mutualism. Sex ratios, age 
structure, population oscillations, and spatial and temporal 
relationships, in'clu'ding' the degree of environmental hetero-

' 

geneity and life history patterns, are only a few important 
variables that affect population and community function. 

Traditionally, community/population studies have 
focused on identifying, enumerating, and listing indiviclual 
components and have ignored the more complex factors 
operating at these levels. While descriptive indices are 
useful, subtle effects on communities and populations may 
only become evident after long exposure times’. Since in.- 

vestigation, diagnosis, and correction of contaminant prob- 
Iems may take even longer, the traditional approach to 
field studies generally is inadequate to prevent significant 
environmental damage (NRCC, 1985). 

Organ, Cell, and Molecular Levels 

At the other extreme, organization at the organ, cell, 
and molecular levels is similarly complex and highly vari. 
able. The number of biochemical responses to stress that 
could be measured are almost limitless (blood components-,« ' 

enzyme activity, me’tabo|it_e levels, ‘excretion ‘rates, diges. 
t_ion, neural transmission, etc.), but few have been developed



systematically (NRCC, 1985). Physiological, biochemical, 
and histological measurements presently available have little 
utility because it has not been possible to link biochemical 
responses to adverse environmental conditions and the 
health of populations, communities, and ecosystems, the 
ultimate yardsticks of response (N RCC, 1985). Biochemical 
techniqueshinge heavily not only on a prior knowledge 
of the organism's physiology, but also on the chemistry 
of the contaminant. Both require extensive background 
information on the chemical and biological struct_u_re of the 
ecosystem, a knowledge of the source and "nature of the 
contaminant, and a knowledge of the other causes of stress 
on the population. 

The Individual 

The individual also is a complex entity, subject to 
enormous variability in its own right and sharing many of 
the characteristics of populations and ' communities dis- 

cussed above. For the purpose of environmental monitoring, 
however, the individual has a number of advantages. The 
individual is the first level of life; without the individual, 
biochemical techniques are of little use and the higher levels 
of hierarchical arrangement become redundant. The indi- 
vidual is the fundamental component of all life and provides 
the first point of entry into the living biosphere. Petersen 

and Petersen (1983) suggested that changes at the level of 
the i,nd_ivi‘clua‘l'organism can be more useful than community 
changes, because individual responses occur before com- 
munity responses. The assumption can be made that all 
toxic effects on ecosystems begin with some chemical inter- 
action between a contaminant and the individual organism, 
whether at the organ, cell, or molecular level (N RCC, 1985). 
Since t_h,e_se interactions are unique and precede all effects at 
higher levels of organization, response at the level of 

the individual provides the earliest credible warning of 
environmental degradation. 

BENTHIC COMMUNITIES 

Biological communit_i_es provide a wide variety of 

choices for suitable biological indicators of environmental 

contamination. The cha_l|enge remains one of focusing upon 
those aspects of biological systems that lend some element 
of order or predictability. Biological communities generally 
contain critical species or (more importantly) functionally 
important groups of species that can provide these elements. 

While "everything may be connected to everything 
else,” there is abundant evidence from many communities 

‘ that some species have more important community roles 
than others (Elton, 1966; Dayton, 1984). In systems where 
there is evidence that important species exist, they should 

be studied or at least monitored (Lewis, 1976). There is 

considerable evidence to support the’ functional group con- 
cept in benthic communities. Dayton (1986)-‘identified 

a number of functional groups in soft-bottom habitats; 

these included suspension feeders, deposit feeders, bur- 

rowers, and, tubicolous organisms. According to Dayton 
(1986), these groups are not mutually exclusive, but 
tend to be resistant. By modifying the sedimentary environ- 
ment, they restrict the recruitment of repr’ese’ntatives 

of other groups and thereby maintain a considerabile. 

internal stability. This stability is the key to the successful 
functioning and well-being of the biosphere. 

There is considerable evidence also that soft-bottom 
benthic communities are exposed to the greater pa_rt_ of the 
contaminant loading imparted to an aquatic" _ecosystem. 
Sediment is a major tra_n_spor-t mechanism and ultimate 

repository for most contaminants. Most chemicals concen- 
trate in the sediments at concentrations many orders of 
magnitude greater than in the overlying water column. The 
concentrations of many compounds such as higher mole- 
cular weight hydrocarbons (DDT, P‘CBs, etc.) remain very 
high in the sediments for years after cessation of input. 
Because benthic organisms -live in the sediments, they are 
directly exposed to these residues. Contamina_nts not lethal 
to these organisms often accumulate in their body tissues 
and are transferred up the food chain. Because benthic 
organisms form such a fundamental component of the food 
chain, they serve as one of the primary links in the trans- 
mission of contaminants through the food chain to humans. 

Chironomidae as a Functional Grouping 

Chironomids form one of the most important 
functional groups in soft-bot-torn corn'mu’ni'ties and fulfill 
all the categories identified by Dayton (1936), including a 

few additional ones. The exact terminology, based mainly 
on feeding regime, varies among authors (Oliver, 1971; 
Smock, 1983; Pinder, 1_98_6)‘,b but these categories include 

(1) deposit feeders, (which ingest ‘sediment and detritus 

(nonliving organic matter, plant or animal, that has begun 
to be broken down by microconsumers) indiscriminately; 
(2) omnivores, which selectively ingest detritus, living plant 
material, and some animals; (3) filter feeders, which live on 
or in the sediments and plants and which remove algae, 
detritus, and other suspended matter from the water 

column; (4) carnivores, which attack and consume other 
aquatic invertebrates; (5) surface feeders, which feed on 
materials trapped in the sediment-surface film; (6) leaf- 

miners, which burrow in and ingest plant materials; and 
(7) parasitic species, which live symbiotically, commensally, 
or otherwise on other aquatic inveorteborates. _Few chirono— 
mids appear to be restricted rigidly to a single mode of- 
feeding, but the range of methods is indicative of. the



functional importance of the famil_y in the soft-bottom 
environment. Dayton (-1.986) emphasized the fole 0* 50“- 
bottom communities in cumulative impact assessments 
because they‘ are exposed to the full impact of contaminants 
accu.mu|.ati.n9 in the) sedi.rnent.s. 

Advantages of Chironomidae in the 
Biological I ndicator Role 

Chironomidae possess a number of advantages as 
environmental indicators. Their advantages lie in the 
structure and characteristics of the family itself, which in ’ 

large measure integrates the key features of an ecosystem. 

1. Cosmopolitan Distribution 

The distribution of the family is worldwide. The two 
species found in Antarctica are the southernmost free-living 
holometabolouis insects known. Chironomids also extend to 
the northern limits of land and they make up one-fifth to 
one-half of the total number of species in the Arctic fauna. 
Between these geographical extremes, they have radiated 
into nearly every habitat that is aquatic or wet, including 
peripheral areas of the world's oceans (Oliver, 1971). 

.Relevance: The cosmopolitan distribution of t_he 
Chiironomidae gives the family the capacity to be a truly 
international, intercontinental monitoring group. 

"2. Family Size 

The family Chironomidae i_s the largest family of 
aquatic insects. Although there is- no reliable estimate of 
the total number of species in the family, Oliver (1971) 
estim'ated,th'at over 5000 species had been described by 
1971. According to Ashe (1983), the species within the 
family Chironomidae are currently.divided into 10 sub- 
families ‘and 24 tribes. Within these, the genera seem 
ubiquitoucs andvery similar worldwide.

V 

Relevance: The distribution of species with similar 
attributes througho'ut the world makes it possible to com- 
pare biological responses on microscales (site-specific) and 
_mac_roscale_s (regional, national, or international)-. According 
to Cairns (1986), extrapolation between different scales 
represents a component of the problem of extrapolation 
from one level of bio_logical organization to another. Justifi- 
cation for extrapolating from a small region to a |_arger 
region is difficult enough even when the ecosystem is 

homogeneous. 

3. Habitat Diversity. 

- The range. of habitats occupied by the Chironomidae 
is unparallecled among other insect groups. Chironomids 

occupy virtually every type and condition of aquatic habitat 
including the littoral and benthic regions of lakes, ponds, 
temporary pools, waterfalls, glacial meltwater, fast— and 
slow-flowing rivers, hot and cold springs, water.-.fi,l,led axils 
of plants, tree holes, and the water-filled flowers of insectiv- 
orous plants. A number of species are also found in marine, 
brackish water and even in such terrestrial habitats as cow 
dung. Chironomids are truly‘ ubiquitous and freque_nt|,y 
form the most abundant group of insects in freshwater 
environments. 

Relevancei‘The extraordinary ecological rangeof the 
Chironomidae ensures that they will have representatives in 
all functional groups within their communities (Dayton, 
1986). 

4. Environmenta|.Sensitivity 

Asa family, chironomids display an exceptionally 
wide range of sensitivity‘ to environmental parameters such 
as dissolved oxygen concentrations, pH, salinity, substrate, 
water current, depth, food, temperature, dehydration, 
freezing, and pollution by organic wastes, heavy metals, 
and contaminants. Some species have narrow ranges of 
tolerance to certain conditions, while others are very‘ 
broad. Protanypus maria requires high levels of dissoll/ed_ 
oxygen, whereas Chironomus p/umasus can withstand 
acnoxic conditions up to 120 days (Nagell and Landahl, 
1978). Stenochironomus cgibbus is narrowly confined to 
burrowing in submerged rotten wood, whereas Chironomus 
riparius is tolerant of heavy organic pollution, possibly 
because of its potentially rapid rate of development (Pin_de,r, 
1986). Po/ypedi/um vahderplankii can tolerate complete 
dehydration and remain viable for months (Oliver, 1971). 
Hard rock and gravels are inhabited predorhinacntly by 
members of the Orthocladiinae and Diamesi_nae, whereas 
members of the Chironominae a_nd Tanypodinae predomi- 
nate in sands and silts (Pinder, 1986). On the basis‘ of 
preliminary information, species of Chironomus-appear to 
be very sensitive to environmental conta‘minan'ts, whereas 
species of Cryptotendipes and Heterotrissoc/adius appar- 
ently are not (Warwick, 1988). 

Relevance: The "exceptional range of sensitivity 
means that the key features of the whole e’c"os’ystem will be 
integrated either at the individual or family level. Regier 
(1986) suggested that species (or suites of-species) that 
integrate many or most of the biotic and abiotic features 
and processes of an ecosystem would make good indicators 
of the relative well-being of that ecosystem.

‘ 

5. Environmental Utility 

The usefulness of chironomid communities in 
environmental assessment has already been demonstrated in




