
Subject(s): Biology, Environmental Science, Math Grades: 9-12 
 

STAGE 1 - DESIRED RESULTS 

Unit Title: What’s In a Number?: Calculating a Biodiversity Index to Assess Stream Health 
 
Established Goals: Using data collected by the students on their stream field trip and by other schools 
collected previously, students will be able to calculate an Hawai’i Stream Index of Biological Integrity 
(HS-IBI) and understand how it can be used to assess stream health. 
 
 

Understandings: Students will understand that...  
● An index is used to assess a combination of 

physical, chemical, and biological factors 
that contribute to overall ecosystem health 

● Scientific measurements are taken with 
consistent and repeatable protocols.  

● Scientific measurements can then be used 
to compare different locations, allowing 
scientists to assess differences over space 
and time. 

● Non-native species are introduced into the 
ecosystem by humans and can have 
negative impacts on native species and the 
ecosystem 

● Organisms have species-specific habitat 
requirements concerning physical, 
chemical, and biological properties of their 
environment - this makes some animals 
indicators of ecosystem health. 

● Stream health can change over time. 
 

Essential Questions: 
● How healthy are stream ecosystems? 
● Which streams in the watershed are 

healthiest?  In poorest health? 
 

● How is mathematics used to measure, model 
and calculate change? 

● How can mathematics be used to provide 
models that help us interpret data and make 
predictions? 

● In what ways can data be expressed so that 
its accurate meaning is concisely presented 
to a specific audience? 
(From jaymctighe.com) 

 

Students will know: 
● Hawaii’s native stream biodiversity consists 

of 5 species of freshwater gobies, 2 species 
of freshwater shrimp, and 2 species of 
freshwater snail. 

● The definition of an amphidromous life cycle 
and how it applies to native species in 
Hawai‘i. 

 
 
 

Students will be able to: 
● Analyze data and draw conclusions based 

on scientific evidence 
● Calculate the Hawaii Stream Index of 

Biological Integrity (HS-IBI) 
● Assess the health of the stream and 

compare health across sites and over time, 
using the HS-IBI. 
 

 

 



STAGE 2 - ASSESSMENT EVIDENCE 

Performance Tasks: 
1. Worksheet to calculate HS-IBI 
2. Podcast, Op-Ed article, Letter to the Editor, 

Letter to government official, Other formats 
for presenting an argument with evidence 

 
 
 
 

Other Evidence: 
 
 

 

STAGE 3 - LEARNING PLAN 

Summary of Learning Activities: 
 
Part I: Calculating the Hawaiian Stream Index of Biological Integrity (HS-IBI) 

-Calculate the HS-IBI from the class’s Pae Pae Field Trip 
-Use slides to walk students through the worksheet (name of worksheet) 
-The worksheet can be completed in groups or solo, or perhaps for homework in preparation for class. 
 
Part II: Making Comparisons 

-Using the database, calculate the HS-IBI for other sites during the same time frame and/or for the same 
site across time. 
-Compare the HS-IBI from the class’s Pae Pae Field Trip to other HS-IBI’s 
-According to the HS-IBI, which streams are the healthiest?  Which are the least healthy?  Where are the 
changes in HS-IBI over time?  What are some reasons why this might occur? 
 
Part III: Making Recommendations 

-Write a letter (to the editor, to a government official), create a podcast, or build a website that 
recommends future action to improve the health of the watershed. 
-Include what you have learned about HS-IBI and at least two points of data to support your position 
-Include what you have learned about what causes compromised health of the watershed and what can 
mitigate it. 
-Where should limited resources be focused in improving the health of the watershed? 

 

STAGE 4 - CONTENT STANDARDS 

NGSS: 
HS-LS2 Ecosystems: Interactions, Energy, and Dynamics 
LS2.A: Interdependent Relationships in Ecosystems – carrying capacities 
LS2.C: Ecosystem Dynamics, Functioning, and Resilience 
LS4.D: Biodiversity and Humans 
ETS1.B: Developing Possible Solutions 



HS-LS2-1 Explanations of factors that affect carrying capacity of ecosystems at different scales 

– resources, climate, competition – population changes gathered from simulations or 

historical data sets  

HS-LS2-2 Factors affecting biodiversity and populations in ecosystems at different scales – 

finding the average, determining trends, using graphical comparisons of multiples sets of 

data 

HS-LS2-6 Complex interactions in ecosystems maintain relatively consistent numbers and 

types of organisms in stable conditions, but changing conditions may result in a new 

ecosystem (watershed now, watershed in the past, watershed in the future) 

HS-LS2-7 Design, evaluate, and refine a solution for reducing the impacts of human activities 

on the environment and biodiversity 

HS – LS2-8 Role of group behavior on individual and species chances to survive and 

reproduce 
 
Adapted from Understanding by Design, Unit Design Planning Template (Wiggins/McTighe 2005) 
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Hawaiʻi	Stream	Index	of	Biotic	Integrity	(HS-IBI)	Data	Form	

	

Name:	___________________________________________	Date:	_______________________________	
	
School:___________________________________		Teacher’s	Name:_____________________________	
	
Sampling	Date:________________		Stream:_________________________________________________	
	
Study	Site	Location	Name:_____________________________________	Elevation	(bottom):__________	
	
Latitude	(bottom):_________________________			Longitude	(bottom):___________________________	
	
Background	
The	Hawai‘i	Stream	Index	of	Biological	Integrity	(HS-IBI)	utilizes	five	ecological	categories	
(taxonomic	richness,	sensitive	species,	reproductive	capacity,	trophic–habitat	capacity,	and	
tolerance	capacity)	and	11	metrics	to	distinguish	a	stream’s	biological	condition	on	a	scale	
ranging	from	undisturbed	to	severely	impaired.	A	framework	comprised	of	five	“integrity	
classes”	(excellent–good–fair–poor–impaired)	is	provided,	which	can	be	used	to	translate	a	
stream’s	HS-IBI	score	into	a	verbal	and	visual	portrait	of	its	biological	condition.	The	HS-IBI	are	
appropriate	for	application	in	all	perennial	streams	in	Hawaii	and	may	be	adapted	for	use	in	
streams	on	other	tropical	Pacific	islands	where	native	species	assemblages	persist	in	near-
pristine	stream	environments.	
	
[Source:	Kido,	M.H.	2013.	A	native-species	based	Index	of	Biological	Integrity	for	Hawaiian	
Stream	Environments.	Environmental	Monitoring	and	Assessment	185	(5):	4063-4075.]	
	
Procedure	
Using	the	data	collected	from	your	study	site,	follow	the	directions	provided	throughout	the	
data	sheet	for	each	of	the	five	ecological	categories	to	assign	a	subscore	of	1,	3,	or	5	for	each	
metric.	Use	Table	1	on	Page	2	to	identify	native	and	alien	taxa.	Exclude	Cane	toad	(tadpoles)	
and	Softshell	turtle	from	your	data	if	applicable.	On	Page	8,	find	the	sum	of	your	calculated	
subscores	to	determine	your	final	HS-IBI	score	as	a	percentage.	Note	that	the	lowest	final	score	
you	can	get	is	11	or	20%	and	the	highest	score	you	can	get	is	55	or	100%.	Table	6	on	Page	9	can	
be	used	to	determine	the	“Integrity	class”	of	your	study	site	based	on	your	final	score.		
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Table	1.	Native	and	alien	stream	fauna	 	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

Common	Name	 Species	 Origin	

Aholehole	 Kuhlia	sandvicensis	 Native	

Hapawai		 Neritina	vespertina	 Native		

Hīhīwai		 Neritina	granosa	 Native		

ʻOʻopu	akupa		 Eleotris	sandwicensis	 Native	

ʻOʻopu	alamoʻo		 Lentipes	concolor	 Native		

ʻOʻopu	nākea		 Awaous	stamineus	 Native	

ʻOʻopu	naniha		 Stenogobius	hawaiiensis	 Native		

ʻOʻopu	nopili		 Sicyopterus	stimpsoni	 Native		

ʻŌʻpae	kalaʻole		 Atyoida	bisulcata	 Native	

ʻŌʻpae	ʻoehaʻa		 Macrobrachium	grandimanus	 Native		

Apple	snail	 Pomacea	spp.	 Alien		

Asiatic	clam	 Corbicula	fluminea	 Alien		

Banded	jewel	cichlid	 Hemichromis	elongatus		 Alien	

Blackchin	tilapia	 Sarotherodon	melanotheron	 Alien	

Bristlenose	catfish	 Ancistrus	sp.	 Alien	

Chinese	Catfish	 Clarius	fuscus	 Alien	

Convict	cichlid	 Amatitlania	nigrofasciata	 Alien	

Guppy	 Poecilia	reticulata	 Alien	

Japanese	swamp	shrimp		 Neocaridina	denticulate	sinensis	 Alien	

Malaysian	trumpet	snail	 Melanoides	tuberculata	 Alien	

Molly	 Poecilia	sphenops	 Alien	

Red	swamp	crayfish		 Procambarus	clarkii			 Alien	

Smallmouth	bass	 Micropterus	dolomieu	 Alien	

Swordtail	 Xiphophorus	helleri	 Alien	

Suckermouth	catfish	 Hypostomus	sp.	 Alien	

Tahitian	prawn	 Macrobrachium	lar	 Alien	



3	
	

CATEGORY	A.	TAXONOMIC	RICHNESS	

Metric	1:	“Number	of	native	amphidromous	macrofauna”	assesses	species	richness	in	its	simplest	form	
as	direct	counts	of	the	number	of	native	aquatic	species	found	in	study	site.	Use	EITHER	Table	2a	or	
Table	2b,	NOT	BOTH,	to	determine	points	for	Metric	1.	If	your	study	site	was	either	at	Kaimuki	High	
School	or	Manoa-Palolo	Confluence,	use	Table	1b.	For	any	other	location,	use	Table	1a.		
	
Table	2a.	Native	species	present	(Non-estuary)	 											Table	2b.	Native	species	present	(Estuary)	
Number	of	non-estuary	

native	species	
Points	

	 	

Reference	Table	
If	your	“Number	of	non-
estuary	native	species”	is	

Then	use	this	
subscore	

3-4	 5	
1-2	 3	
0	 1	

	
	
Metric	2:	“Percent	contribution	of	native	taxa”	is	a	form	of	species	richness	measure	and	is	equivalent	
to	Simpson’s	Diversity	Index.	
		
Table	3.	Use	the	table	below	to	list	the	percent	of	native	taxa	at	your	site	

%	of	native	taxa	 Points	
	

native species
total species

×100 	

	

	

		Reference	Table	

If	your	“%	of	native	taxa”	is	 Then	use	this	subscore	
75-100%	 5	
50-74%	 3	
≤49%	 1	

	
Metric	3:	“Number	of	alien	taxa”	is	correlated	with	decreasing	habitat	quality	and	increasing	human	
disturbance.	Taxa	refers	to	different	types	of	organisms	(often	species)	and	not	counts	of	individuals.	
	

Table	4.	Use	the	table	below	to	list	the	number	of	alien	taxa	at	your	site.		
Number	of	alien	taxa	 Points	

	 	

		Reference	Table	
If	your	“Number	of	alien	

taxa”	is	
Then	use	this	
subscore	

0-1	 5	
2-3	 3	
>3	 1	

Number	of	estuary	reach	
native	species	

Points	

				 	

Reference	Table	
If	your	“Number	of	
estuary	reach	native	

species”	is	

Then	use	this	
subscore	

5-6	 5	
2-4	 3	
0-1	 1	
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CATEGORY	B.	SENSITIVE	“SENTINEL”	SPECIES	
	
Metric	4.	“Percent	sensitive	native	fishes”	are	species	highly	sensitive	to	environmental	degradation	
and	thus	are	reliable	indicator	species	for	assessments	of	biotic	integrity.	In	Hawaiian	Streams,	sensitive	
native	species	are	Lentipes	concolor-ʻoʻopu	alamoʻo	and	Sicyopterus	stimpsoni-ʻoʻopu	nopili.	
	
Table	5.	Use	the	table	below	to	list	the	percent	of	sensitive	native	fish	at	your	site	
%	of	sensitive	native	fishes	 Points	

	

sensitive native species
total species

×100 		

									

	

		Reference	Table	
If	your	“%	of	sensitive	native	

fish”	is	
Then	use	this	
subscore	

≥50%	 5	
49-20%	 3	
≤19%	 1	

	
Metric	5.	“Sensitive	native	fish	density”	is	used	to	verify	absolute	densities	of	Lentipes	concolor	(ʻoʻopu	
alamoʻo)	and	Sicyopterus	stimpsoni	(ʻoʻopu	nopili),	as	it	may	not	always	coincide	with	high	proportionate	
abundance	of	sensitive	species	found	in	Metric	4.	
	
Table	6.	Use	the	tables	below	to	list	the	sensitive	native	fish	density	at	your	site.	Assign	a	subscore	of	1	
unless	instructed	otherwise	(most	sites	on	Oʻahu	have	a	very	low	sensitive	native	fish	density)	
Sensitive	native	fish	density	(fish/m2)	 Points	
	 	

		Reference	Table	
If	your	“Sensitive	native	fish	density	

(fish/m2)”	is	
Then	use	

this	
subscore	

≥0.46	 5	
0.20-0.45	 3	
≤0.19	 1	

	
	
CATEGORY	C.	REPRODUCTIVE	CAPACITY	
	

Metric	6.	“Sensitive	native	fish	size”	in	a	sample	population	is	used	as	an	overall	indicator	of	community	
health,	as	size	is	a	relatively	influenced	by	both	environmental	(e.g.	food	availability	/	quality,	pollution,	
stressors,	etc.)	and	population	/	community	factors	(e.g.	predation,	competition,	disease,	etc.).	
	

*	Sensitive	native	species	are	Lentipes	concolor-ʻoʻopu	alamoʻo	and	Sicyopterus	stimpsoni-ʻoʻopu	nopili	
*	Sensitive	native	fish	size	is	measured	in	total	length	(mouth	to	end	of	tail)		
*	Exclude	post-larval	size	classes	(fish	that	are	≤3.0	cm	in	total	length)	
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Table	7.	Use	the	table	below	to	list	the	percent	of	sensitive	native	fish	≥6.0	cm	at	your	site	

	
	
	
	
	
	
	
	
	
	
	
	

	
Metric	7.	“Awaous	stamineus	(‘o‘opu	nākea)	size.”	As	a	moderately	tolerant	species	to	environmental	
degradation,	‘o‘opu	nākea	often	overlaps	in	distribution	within	/	between	streams	with	the	two	
sensitive	species	in	Metrics	5	and	6,	but	is	also	found	in	streams	with	higher	levels	of	human	
disturbance.		As	a	generalist	feeder	(omnivore),	‘o‘opu	nākea	size	is	also	a	useful	indicator	of	food	
availability	and	habitat	quality.	
	
*	Awaous	stamineus	size	is	measured	in	total	length	(mouth	to	end	of	tail)		
*	Exclude	post-larval	size	classes	(fish	that	are	≤3.0	cm	in	total	length)		
	
Table	8.	Use	the	tables	below	to	list	the	percent	of	Awaous	stamineus-ʻoʻopu	nakea	≥	8.0	cm	at	your	site	

Awaous	stamineus	size		
(%	≥	8.0	cm	in	total	length)	

Points	

!"#$%& !"#$%&'(! !!.! !"
!"#$% !"#$%& !"#$%&'(! ×100											

		Reference	Table	
If	your	“Awaous	stamineus	size		
(%	≥	8.0	cm	in	total	length)”	is	

Then	use	this		
subscore	

≥50%	 5	
49-25%	 3	
≤24%	 1	

	
CATEGORY	D.	TROPHIC	/	HABITAT	CAPACITY	
	

Metric	8.	“Total	native	fish	density”	uses	native	fishes	(and	invertebrates)	as	an	indicator	of	stream	
biotic	integrity	and	supports	metric	5,	where	higher	densities	correlate	with	more	natural	ecological	
functioning,	environmental	quality,	lower	number	of	alien	species,	and	reduced	human	disturbance.		
	
	
	
	
	
	

Sensitive	native	fish	size		
(%	≥6.0	cm	in	total	length)	

Points	

sensitive native species ≥ 6.0 cm
total sensitive species

×100 		 	

		Reference	Table	
	

If	your	“Sensitive	native	fish	size	(%	
≥6.0	cm	in	total	length)”	is	

Then	use	this	
	subscore	

≥50%	 5	
49-25%	 3	
≤24%	 1	
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Table	9.	Use	the	tables	below	to	list	the	total	native	fish	density	at	your	site,	*	Assign	a	subscore	of	1	
unless	instructed	otherwise	(most	sites	on	Oʻahu	have	a	very	low	total	native	fish	density).	
	

Total	native	fish	density	
(total	native	fish/m2)	

Points	

										 	

		Reference	Table	
If	your	“Total	native	fish	density	

(total	native	fish/m2)”	is	
Then	use	this	
subscore	

≥0.75	 5	
0.74-0.36	 3	
≤0.35	 1	

	
	

Metric	9.	“Community	weighted	average”	is	a	numerical	expression	that	reflects	the	relative	sensitivity	
of	various	taxa	to	habitat	degradation	and	the	relative	individuals	in	each	taxon	in	a	sample.	The	CWA	is	
calculated	as	the	sum	of	the	proportionate	numerical	abundances	of	individual	taxa	in	the	sampled	
population	multiplied	by	their	respective	weighting	values.	
	

Table	10a.	CWA	weighting	values	for	stream	species		 							Table	10b.	Calculated	CWA	Example	

	
	
	

	
Table	10c.	Use	the	tables	below	to	list	the	community	weighted	average	(CWA)	at	your	site	
Community	weighted	average	(CWA)	 Points	
										 	

		Reference	Table	
If	your	“Community	weighted	

average	(CWA)”	is	
Then	use	this	
subscore	

1.0-4.0	 5	
4.1-9.0	 3	
9.1-10	 1	

	

Species	 Common	Name	 Weighting	value	
Lentipes	concolor	 ʻOʻopu	alamoʻo	 1	
Sicyopterus	stimpsoni	 ʻOʻopu	nopili	 1	
Neritina	granosa	 Hīhīwai	 2	
Atyoida	bisulcata	 ʻŌʻpae	kalaʻole	 3	
Macrobrachium	
grandimanus	

ʻŌʻpae	ʻoehaʻa	 3	

Stenogobius	hawaiiensis	 ʻOʻopu	naniha	 3	
Awaous	stamineus	 ʻOʻopu	nākea	 4	
Eleotris	sandwicensis	 ʻOʻopu	akupa	 4	
Kuhlia	sandvicensis	 Aholehole	 4	
Macrobrachium	lar	 Tahitian	prawn	 9	
Alien	species	(other	than	
M.	lar	/	Tahitian	prawn)	

	 10	
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CATEGORY	E.	TOLERANCE	CAPACITY		
	

Metric	10.	“Percent	tolerant	alien	fish”	describes	the	introduced	species	of	fish	that	have	established	
populations	in	Hawaiian	Streams,	even	those	that	have	been	heavily	disturbed	by	humans.	These	
include	all	alien	species	listed	in	Table	1.	Their	presence	is	detrimental	to	native	fishes	because	of	direct	
predation,	increased	competition	for	resources,	increased	habitat	degradation,	and	vectors	of	disease	
and	parasites.	
	
Table	11.	Use	the	tables	below	to	list	the	percent	of	tolerant	alien	species	at	your	site		

%	tolerant	alien	species	 Points	

			 number of alien species
total number of species

×100 	
	

		Reference	Table	
If	your	“%	tolerant	alien		

species”	is	
Then	use	this	
subscore	

0%	 5	
1-4%	 3	
≥5%	 1	

	
Metric	11.	Percent	diseased	/	Parasitized	Fish	evaluates	the	stream	biological	condition	at	the	level	of	
the	individual,	where	habitat	quality	is	correlated	with	the	incidence	of	lesions	and	parasites	on	fishes	
and	benthic	invertebrates.	
	
Table	12.	Use	the	table	below	to	list	the	percent	of	diseased	or	parasitized	fish	at	your	site.	Assign	a	
subscore	of	5	unless	instructed	otherwise	(most	sites	have	a	low	%	of	diseased	of	parasitized	fish)	
%	diseased	or	parasitized	fish	 Points	
										 	

		Reference	Table	
If	your	“%	diseased	or	
parasitized	fish”	is	

Then	use	this	
subscore	

≤1%	 5	
2-10%	 3	
≥11%	 1	
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Table	13.	Determine	the	final	HSIBI	score	by	adding	points	from	Metrics	1-11,	then	calculate	percentage:		

	
	
	
	
Table	14.	Circle	the	integrity	class	of	your	stream	site	using	your	calculated	Final	HS-IBI	%	score	

	

Modified	table	from	Kido,	2012.	


