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Introduction to Campbell Biology Fungi Chapter Lichens in the US

campbell biology fungi chapter lichens us delves into the fascinating symbiotic partnerships that define
lichens, a crucial component of terrestrial ecosystems often explored within the context of fungal
biology. This article aims to provide a comprehensive overview, drawing heavily from the detailed
explanations typically found in Campbell Biology textbooks. We will dissect the intricate relationships
between fungi and their photosynthetic partners, exploring their unique structures, ecological roles, and
diverse distributions across the United States. Understanding lichens is vital for appreciating their
contributions to nutrient cycling, their sensitivity to environmental changes, and their historical
significance. We will cover the fundamental biology of lichens, their classification, the specific types

prevalent in US environments, and the methods used to study these remarkable organisms.
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What are Lichens? The Fungal Partnership



Lichens represent a remarkable example of a mutualistic symbiosis, a biological association where
both participating organisms benefit. In this unique partnership, a fungus (the mycobiont) forms a close
and stable association with one or more photosynthetic partners, which are typically green algae
(photobiont) or cyanobacteria. This symbiotic relationship is so profound that lichens are often
considered distinct organisms, possessing characteristics that neither the fungus nor the
alga/cyanobacterium could achieve independently. The fungal partner provides structure, protection
from desiccation and UV radiation, and absorbs water and minerals from the environment. The
photosynthetic partner, in turn, supplies the fungus with carbohydrates produced through
photosynthesis. This essential exchange underpins the ability of lichens to colonize extreme and

otherwise barren habitats.

The fungal component of a lichen is almost always an Ascomycete, although some Basidiomycetes
and Deuteromycetes are also involved. The diversity within the fungal partners contributes significantly
to the vast array of lichen forms and functions. The photosynthetic partners, known as the photobiont,
can be a single species or multiple species, adding another layer of complexity to lichen biology. In
many cases, the fungal hyphae envelop the algal or cyanobacterial cells, creating a protective matrix.
The nature of this partnership is not merely cooperative but obligate for many lichen species, meaning
neither partner can survive long-term in their free-living state under the ecological conditions where

they are typically found as lichens.

The Structure and Anatomy of Lichens

The physical structure of a lichen is a direct result of the symbiotic interaction between the mycobiont
and photobiont. Lichen anatomy is highly organized, featuring distinct layers that facilitate survival and
nutrient exchange. At the outermost layer is the cortex, a protective sheath of fungal hyphae. This
cortex can be smooth, ridged, or have various other textures, and it plays a crucial role in preventing
desiccation and protecting the inner tissues from environmental damage, including UV radiation and
grazing. Below the upper cortex lies the algal layer, a zone where the photosynthetic cells are densely

packed. This is where the maijority of photosynthesis occurs, providing the vital food source for the



entire lichen thallus.

Beneath the algal layer is the medulla, a region composed of loosely interwoven fungal hyphae. This
layer is typically the thickest part of the lichen thallus and serves as a storage area for food reserves
and metabolites. It also plays a role in gas exchange and the transport of water and nutrients. In some
lichens, there may be a lower cortex, similar to the upper cortex, which can aid in attachment to the
substrate. Many lichens also possess specialized structures called rhizines, which are root-like fungal
filaments that anchor the lichen to its substrate. The intricate organization of these layers allows

lichens to thrive in diverse and often challenging environments.

The Thallus: The Vegetative Body of a Lichen

The vegetative body of a lichen is known as the thallus, and its form is a primary characteristic used in
lichen classification. The thallus is the visible, macroscopic structure of the lichen and is determined by
the growth habit of the fungal component and the arrangement of the photobiont within it. Unlike true
plants, lichens lack true roots, stems, and leaves; their thallus is the sole functional unit for nutrient
acquisition, photosynthesis, and reproduction. The morphology of the thallus is a key indicator of the
lichen's ecological niche and its adaptations to specific environmental conditions, such as exposure to

wind, moisture, and sunlight.

Key Anatomical Features

» Cortex: The outermost protective layer, composed of tightly packed fungal hyphae. It can be

smooth, cracked, or ornamented and is vital for protection against environmental stresses.

» Algal Layer: Located beneath the upper cortex, this layer contains the photosynthetic algal or

cyanobacterial cells responsible for producing food for the lichen.



e Medulla: A loose layer of fungal hyphae beneath the algal layer, serving for storage and

transport.

* Rhizines: Fungal structures extending from the lower cortex, used for anchoring the lichen to its

substrate.

» Epicortex: A thin, waxy or cellulosic layer that can occur on top of the cortex in some lichens,

providing additional protection.

Types of Lichens: Morphology and Classification

Lichens are broadly classified into three main morphological categories based on their growth form and
their relationship with the substrate. This classification is a fundamental aspect of understanding lichen
diversity and their ecological distribution. The growth habit of a lichen thallus is largely dictated by the
fungal partner's hyphal arrangement and the strength of its attachment to the substrate. Each growth
form has distinct advantages and disadvantages regarding exposure to environmental factors, making

them suitable for different habitats.

Crustose Lichens

Crustose lichens are the most tightly attached to their substrate, forming a crust-like layer that is often
inseparable from the rock, bark, or soil on which they grow. Their thallus is flat and typically lacks a
distinct upper or lower surface, appearing as a painted or stained patch. They are often pioneer
species, colonizing bare rock surfaces and initiating soil formation. Due to their close adherence, they
are highly resistant to wind and erosion but are more vulnerable to desiccation as they cannot lift away

from the substrate to absorb moisture.



Foliose Lichens

Foliose lichens have a leaf-like, lobed thallus that is loosely attached to the substrate by rhizines.
These lichens have a clearly defined upper and lower surface and can be lifted away from the
substrate, allowing for better moisture absorption from the atmosphere. The lobes of the thallus can
vary in size, shape, and color, contributing to the aesthetic diversity of lichen communities. Their
structure allows them to capture more sunlight and moisture than crustose forms, making them

common on trees, rocks, and soil.

Fruticose Lichens

Fruticose lichens have a three-dimensional, shrubby or pendulous growth form. They are attached to
the substrate at a single point by a holdfast, from which erect or hanging branches arise. This growth
form maximizes surface area for photosynthesis and gas exchange, allowing them to thrive in
environments with abundant moisture and light. Examples include "usnea" or "old man's beard," which
hang from tree branches. Their open structure can make them more susceptible to desiccation and

physical damage but also allows for efficient nutrient and water uptake from fog and rain.

Lichen Reproduction and Dispersal

Lichen reproduction is a complex process that often involves both partners, although the fungal
component is typically responsible for the reproductive structures. Because of the obligate nature of
the symbiosis for many species, successful reproduction requires the dispersal of both fungal
propagules and photobiont units together or the ability for the fungus to re-acquire a suitable
photobiont in a new location. Lichens employ both asexual (vegetative) and sexual (fungal spore)

methods for reproduction and dispersal.



Asexual Reproduction

Asexual reproduction is the most common and efficient method for lichen propagation, ensuring that
the symbiotic association is maintained. Specialized structures called propagules are formed, which
contain both fungal hyphae and algal or cyanobacterial cells. These propagules are then dispersed by
wind, water, or animals to new locations. Common types of asexual propagules include soredia, which
are small clusters of algal cells surrounded by fungal hyphae, and isidia, which are small, finger-like

outgrowths of the thallus containing both partners.

Sexual Reproduction (Fungal Spores)

While the thallus is largely clonal, the fungal partner can reproduce sexually by producing spores.
These spores, typically Ascomycete spores, are released from apothecia or perithecia, specialized
fruiting bodies of the fungus. For sexual reproduction to be successful in establishing a new lichen,
these fungal spores must land in a suitable environment and encounter compatible algal or
cyanobacterial cells, which they then must colonize and integrate into a new symbiotic partnership.
This process of re-establishing the symbiosis is more challenging and less common than asexual

reproduction.

Ecological Roles of Lichens in US Ecosystems

Lichens play a surprisingly significant and multifaceted role in various ecosystems across the United
States, from arid deserts to lush forests and even urban environments. Their ability to colonize bare
substrates and withstand extreme conditions makes them crucial ecological engineers. They are often
among the first organisms to colonize newly exposed surfaces, such as volcanic rock or disturbed sail,
initiating the process of ecological succession and contributing to soil formation. Their presence and

health are often indicative of the overall environmental quality of a region.



Primary Colonizers and Soil Formation

As primary colonizers, crustose lichens, in particular, contribute to the weathering of rocks through
physical and chemical processes. Their slow growth and adherence to surfaces allow them to trap dust
and organic matter, and their metabolic byproducts can help to break down rock minerals. Over long
periods, this process contributes to the formation of soil, creating a substrate that can support more
complex plant life. This soil-building capacity is fundamental to the establishment of terrestrial

ecosystems in many parts of the US.

Nutrient Cycling and Habitat Provision

Lichens are efficient at capturing atmospheric nutrients, such as nitrogen, which they can fix directly
from the air, especially if their photobiont is a cyanobacterium. They also trap dust and particulate
matter containing various minerals. When lichens die and decompose, these captured nutrients are
released into the soil, enriching it and making them available for other plants and microorganisms.
Furthermore, lichen thalli provide microhabitats and food sources for a variety of invertebrates, such as
insects, mites, and snails, and are a food source for some vertebrates, including caribou in Arctic

regions and some birds and mammals in temperate forests.

Lichens as Bioindicators of Environmental Health

One of the most critical ecological roles of lichens, particularly in developed nations like the United
States, is their function as sensitive bioindicators of air quality. Their thalli lack a protective cuticle and
are constantly exposed to the atmosphere, meaning they absorb water, nutrients, and pollutants
directly from the air. This makes them highly susceptible to changes in atmospheric composition,
particularly sulfur dioxide (SO2) and nitrogen oxides (NOx), which are common air pollutants from

industrial processes and vehicle emissions.



In areas with high levels of air pollution, sulfur dioxide can inhibit photosynthesis and damage fungal
hyphae, leading to the decline or disappearance of sensitive lichen species. Conversely, the presence
of a diverse and abundant lichen flora, especially many foliose and fruticose species, indicates good
air quality. Crustose lichens are often more pollution-tolerant and may persist in moderately polluted
areas. Therefore, monitoring the diversity, abundance, and health of lichen populations has become an
invaluable tool for assessing long-term air quality trends and the effectiveness of pollution control

measures across various regions of the US.

Sensitivity to Pollutants

e Sulfur Dioxide (S02): Highly damaging, leading to reduced photosynthesis and thallus

degradation.

e Nitrogen Oxides (NOx): Can cause nutrient imbalances and alter species composition.

* Heavy Metals: Accumulate in lichen tissues, indicating atmospheric deposition from industrial

sources.

¢ Ozone (03): Can cause visible damage to lichen thalli, affecting photosynthetic efficiency.

The absence of certain lichen species, or a significant shift in species composition towards more
pollution-tolerant forms, serves as an early warning signal of environmental degradation. This makes
lichen surveys an integral part of environmental monitoring programs in national parks, urban areas,

and industrial zones throughout the United States.



Notable Lichen Habitats in the United States

The United States, with its vast geographical diversity, hosts an incredible array of lichen species,
thriving in a wide range of habitats. From the arid Southwest to the humid Southeast, the mountainous
West to the forests of the Northeast, specific environmental conditions favor different lichen
communities. Understanding these habitats is key to appreciating the distribution and ecological

significance of lichens in North America.

Forest Ecosystems

The temperate and boreal forests of the United States, particularly in the Pacific Northwest and the
Northeast, are renowned for their rich lichen flora. Old-growth forests, with their stable microclimates
and abundant rough-barked trees, provide ideal substrates for many epiphytic lichens, including
abundant foliose and fruticose forms. Species like Lobaria pulmonaria (lungwort lichen) and various
Usnea species are iconic in these regions, often indicating long-term forest health and low pollution

levels.

Arid and Semi-Arid Regions

The deserts and semi-arid landscapes of the American Southwest present unique challenges for life,
yet lichens have adapted remarkably to these harsh conditions. Cryptogamic crusts, which are
communities of lichens, mosses, and cyanobacteria, are vital in these areas. They stabilize soil,
prevent erosion, and contribute essential nitrogen through cyanobacterial fixation. Species of
Xanthoria, Physcia, and Collema are commonly found on rocks and soil in these regions, often

becoming more active and visible after infrequent rainfall.



Alpine and Montane Environments

The high altitudes of the Rocky Mountains, Sierra Nevada, and Appalachian ranges support distinct
alpine lichen communities. These lichens are adapted to extreme cold, high winds, and intense UV
radiation. Many crustose species colonize exposed rock faces, while some foliose and fruticose forms
can be found in sheltered crevices or on alpine heath vegetation. Their slow growth rates mean they

are long-lived indicators of stable high-elevation environments.

Studying Lichens: Methods and Research in the US

The scientific study of lichens, known as lichenology, involves a variety of methodologies to
understand their biology, ecology, and distribution. In the United States, research efforts span from
detailed fieldwork to laboratory-based genetic and chemical analyses. These studies are crucial for

conservation, environmental monitoring, and expanding our knowledge of biodiversity.

Field Surveys and ldentification

Field surveys are the cornerstone of lichen research. Lichenologists meticulously document lichen
species found in specific geographic areas, noting their substrates, associated environmental
conditions, and population sizes. Accurate identification is paramount and often requires specialized
knowledge, macroscopic examination of key features (color, shape, presence of reproductive
structures), and microscopic analysis of spores and hyphae. The use of field guides and taxonomic
keys specific to North American lichens is essential for this process. Researchers in the US often

focus on regional floras to catalog the diversity within states or specific ecoregions.



Chemical and Genetic Analysis

Beyond visual identification, modern lichenology relies heavily on chemical and genetic techniques.
Many lichens produce secondary metabolites, which are unique chemical compounds that often
contribute to their color, defense mechanisms, and ability to colonize harsh environments. Techniques
like Thin Layer Chromatography (TLC) and High-Performance Liquid Chromatography (HPLC) are
used to identify these compounds, aiding in species differentiation and understanding their ecological
functions. DNA sequencing and phylogenetic analyses are also increasingly employed to resolve
taxonomic uncertainties, understand evolutionary relationships between lichen species, and investigate

the genetic diversity within lichen populations across the US.

Threats to Lichen Populations in the US

Despite their resilience, lichen populations across the United States face numerous threats, many of
which are directly linked to human activities. The slow growth rates of most lichens mean that
damaged or lost populations can take decades or even centuries to recover, making them particularly
vulnerable to persistent environmental changes. Understanding these threats is vital for developing

effective conservation strategies.

Habitat Loss and Fragmentation

Deforestation, urban development, intensive agriculture, and infrastructure projects lead to the
destruction and fragmentation of lichen habitats. The removal of old-growth forests, the paving of
natural landscapes, and the simplification of agricultural areas reduce the availability of suitable
substrates and create isolated patches of habitat, hindering gene flow and increasing the risk of local
extinctions. This is particularly problematic for epiphytic lichens that rely on mature trees for their

survival.



Pollution and Climate Change

As discussed earlier, air pollution remains a significant threat, impacting lichen physiology and species
composition, especially near urban and industrial centers. Beyond direct pollution, climate change
poses a more insidious threat. Alterations in temperature, precipitation patterns, and increased
frequency of extreme weather events can stress lichen populations, favoring some species while
negatively impacting others. Changes in humidity can disrupt the delicate water balance crucial for
lichen survival, and shifts in plant communities can alter shade levels and nutrient availability, indirectly

affecting lichen distribution.

Invasive Species

While lichens themselves are not typically considered invasive in the way plants or animals are, their
habitats can be negatively impacted by invasive species. For instance, invasive plants that outcompete
native vegetation can alter the microclimate and substrate availability for lichens. Furthermore, some
introduced fungal pathogens can affect lichen health, though this is less common than direct habitat

and atmospheric threats.

Over-collection and Mismanagement

Although less prevalent than other threats, the over-collection of rare or aesthetically pleasing lichen
species for decorative purposes (e.g., in crafts or floral arrangements) can negatively impact small,
localized populations. Similarly, mismanagement of forests and natural areas, such as clear-cutting
practices in sensitive areas or improper fire management, can lead to significant lichen losses.
Conservation efforts in the US are increasingly focused on protecting critical lichen habitats and

mitigating the impact of these diverse threats.



FAQ

Q: What is the primary role of the fungus in a lichen symbiosis as

discussed in Campbell Biology?

A: In the lichen symbiosis, the fungal partner (mycobiont) primarily provides structure, protection from
desiccation and UV radiation, and absorbs water and minerals from the environment. It essentially
creates the "house" and provides the essential physical support and protective environment for the

photosynthetic partner.

Q: How does the photosynthetic partner contribute to the lichen's

survival, according to Campbell Biology chapter on lichens?

A: The photosynthetic partner, typically a green alga or cyanobacterium (photobiont), is responsible for
producing carbohydrates through photosynthesis. These carbohydrates serve as the primary food

source for both the photobiont and the fungal mycobiont, fueling the entire lichen organism.

Q: What are the three main morphological types of lichens, as

commonly categorized in biology textbooks like Campbell?

A: The three main morphological types of lichens are crustose (crust-like and tightly attached), foliose

(leaf-like and lobed), and fruticose (shrubby or pendulous, attached at a single point).

Q: Why are lichens considered excellent bioindicators of air quality,

especially in the US context?

A: Lichens are excellent bioindicators because their thalli lack protective cuticles and they absorb

water, nutrients, and pollutants directly from the atmosphere. Sensitive species are unable to survive in



polluted environments, making their presence or absence a clear indicator of air quality.

Q: Can lichens reproduce sexually, and if so, how does it work for the
symbiotic unit?

A: Yes, the fungal partner in a lichen can reproduce sexually by producing spores. However, for a new
lichen to form, these fungal spores must land in a suitable location and successfully colonize

compatible algal or cyanobacterial cells to re-establish the symbiotic partnership.

Q: What specific threats do lichens face in the United States that are

mentioned in ecological studies?

A: Lichens in the United States face threats including habitat loss and fragmentation due to
development, air pollution (especially SO2 and NOXx), climate change affecting temperature and
precipitation, and to a lesser extent, over-collection and the impact of invasive species on their

habitats.

Q: What role do lichens play in primary succession and soil formation

in US ecosystems?

A: Lichens, particularly crustose forms, act as pioneer species that colonize bare substrates like rocks.
Through physical and chemical weathering and by trapping organic matter, they contribute to the initial

stages of soil formation, paving the way for other plant life to establish.

Q: Are there specific types of lichens that are particularly sensitive to

pollution?

A: Yes, foliose and fruticose lichens are generally more sensitive to air pollution, particularly sulfur



dioxide, than crustose lichens. Their more complex structures and looser attachment can make them

more vulnerable to atmospheric contaminants.
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