
Stage 5 Geography

Sustainable Biomes - Full Day


Student Name: _______________________


Case Study: Changing Biomes at Penrith Lakes

(Human alteration of biomes to produce industrial materials and the environmental effects of these alterations)


Task 1- Draw a sketch map of area observed on the tour. Study the satellite photo then draw and label (using numbers) 
features 1-14 (the first 3 are done for you - it can be completed any time during the day) 
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Terms explored: Biome - A	major	terrestrial	vegetation	community	eg	a	tropical	forest,	a	temperate	grassland	or	a	desert.		
This	is	the	NSW	Syllabus	de>inition.	It	excludes	aquatic	biomes.	The	Penrith	Lakes	Area	falls	into	the	forest	(or	woodland)	biome.

Remnant vegetation	-	original	or	native	vegetation.	
Floodplain	-	an	area	of	low-lying	ground	adjacent	to	a	river.	The	river	meanders	(snake–like	movement),	over	time,	to	even	out	the	
ground	level.		
Terrace-	a	step-like	landform.	A	terrace	consists	of	a	>lat	or	gently	sloping	surface,	called	a	“tread”,	that	is	typically	bounded	one	
side	by	a	steeper	ascending	slope,	which	is	called	a	"riser".	
Escarpment	-	a	steep	slope	or	long	cliff	that	forms	as	an	effect	of	faulting	or	erosion	and	separates	two	relatively	level	areas	of	
differing	elevations.

Key question 1: How have humans altered the original biome of The Penrith Lakes Area? 

(This is discovered through a first-hand tour of the Penrith Lakes Parkland Area)


Satellite photo Penrith Lakes Area 2017

Features/Legend/Key:	
1. Nepean	River	
2. Castlereagh	Road	
3. Old	Castlereagh	Road	
4. Regatta	Centre	
5. Main	Recreation	lake	
6. Second	Recreation	Lake	
7. Wildlife	Lake	
8. Chain	of	ponds	
9. Escarpment	
10.Floodplain	
11.	Terrace	
12.	Remnant	Vegetation	
13.	Castlereagh	Hall	
14.	Heritage	listed	European	housing	
15.	Main	>lood	weir

Your Sketch Map - show features 1-14
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Task 2- While on your tour, complete time-line showing the sequent occupance (landuse history) of  the Penrith Lakes 
Area. Write the letter of the landuse in the circle next to the time or date. The first one is done for you. 

A.	Rehabilitation	of	the	Penrith	Lakes	Area	into	a	‘water	and	park	playground’.		

B.	Captain	Tench	‘discovered’	the	Nepean	River.		

C.	The	>loodplain	area	of	Penrith	Lakes	was	mainly	untouched	Tall	Open	Forest.		

D.	Sand	and	gravel	quarrying	ends.	

E.		Aboriginal	people	(Darug	tribe)	used	the	land	as	a	food	source	(hunting	and	gathering).	

F.	Extraction	of	sand	and	gravel	starts	at	Penrith	Lakes	site	(on	the	>loodplain).	

G.	The	Olympic	rowing	event	was	held	at	Penrith	Lakes.	

H.	First	occupation	of	land	by	European	farmers.	They	create	a	food	bowl	for	Sydney.	

I.	Sand	and	gravel	extraction	begins	at	Birds	Eye	Corner	(on	river	beds).	

Task 3 - Below is a field sketch looking over the Penrith Lakes floodplain from the Castlereagh Hall. Complete the field 
sketch by labelling the following features: Floodplain, Escarpment, Road, Horse Paddock,  
        Historic Home, Remnant Vegetation, Wildlife Lake 
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Key question 1 (cont) : How have humans altered the original biome of The Penrith Lakes Area? 

Pre-human 
occupation
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Station 1 - Water Testing 

Key question 2 : What impact have these alterations had on the physical and human 
activities of this area? 


(This is assessed by first-hand investigations of water quality, soil and animal populations at a lake site) 

Terms explored: 

• Phosphate	levels	(nutrients/plant	food)	-	High	phosphate	levels	can	lead	to	overgrowth	of	plants,	decreased	oxygen	
levels	and	increased	algal	blooms.	

• Turbidity	(water	clarity)	-	High	turbidity	(	‘muddy’	water)	increases	water	temperature	and	reduces	sunlight	penetration,	
which	reduces	the	ability	of	submerged	plants	to	grow	and	produce	oxygen.	

• pH	-	the	waters	acidity	or	alkalinity	level.	Small	changes	in	pH	can	endanger	many	types	of	plants	and	animals.	
• Conductivity	-	level	of	total	dissolved	solids	in	the	water(mainly	salt).	High	salt	levels	make	conditions	uncomfortable	for	
freshwater	animals	and	plants.	It	can	also	have	an	impact	on	pH	levels.	E.g.	higher	TDS	reading,	the	higher	pH	number.	

• Temperature	-	High/low	water	temperatures		mean	more	stress	on	organisms,	lowering	their	resistance	to	pollutants	
and	diseases.	

Water Test Instrument Water Test Instrument

Phosphate Test tablet kit (ppm) pH Universal indicator paper (a number)

Turbidity Turbidity Tube (ntu) Conductivity Total Dissolved Solids Scan (ppm)

Temperature Thermometer (oC) Appearance Observation (use your eyes)

Final Detention Basin/Rowing Lake - use your results to circle a point score

Phosphate (nutrients): __________ ppm pH: ________

0 - 1 ppm >1 - 2 ppm >2 - 3 ppm >3 - 4 ppm 6.5 - 8.5 8.6 - 9.0 6.0 - 6.4 <6 or >9.0

8 6 2 0 8 6 4 0

Turbidity (clarity): __________ ntu Conductivity (salts): __________ ppm

<10 ntu 10 - 20 ntu 20 - 50 ntu >50 ntu <250 ppm 251-650 ppm 651-1000 ppm >1000 ppm

8 4 2 0 8 6 4 0

Temperature: __________ ºC Appearance

Summer 20 - 30 ºC Summer >30 ºC Clear Cloudy/some 
colour

Muddy/murky Oily/scummy 
and/or smelly

Autumn/
Spring

15 - 25 ºC Autumn/
Spring

<15 or >25 ºC 8 6 2 0

Winter 10 - 20 ºC Winter >20 ºC        

8 4 Overall Score Final Detention Basin: __________ 
            

  

Overall Rating Excellent Very Good Good Fair Poor Very Poor

Final Detention Basin 42+ 37 - 41 32 - 36 25 - 31 20 - 24 <20
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Terms explored: 

• pH	-	The	pH	of	soil	indicates	the	strength	of	acidity	or	alkalinity	in	the	soil	solution	which	bathes	soil	constituents,	plant	
roots	and	soil	micro-organisms.		

				Testing:	To	determine	the	pH,	just	put	a	small	amount	of	the	soil	to	be	tested	in	depression	in	the	white	mixing	plate	and						
				make	wet,	but	not	<luid	using	universal	indicator.	Using	the	spoon,	make	an	even	surface	then	dust	a	small	amount	of		
				Barium	Sulphate	over	the	soil.	Now	match	the	color	of	the	indicator	solution	as	it	seeps	through	the	dusting	with	the	pH		
				color	chart.	Be	sure	to	wear	gloves	and	to	use	the	both	the	indicator	and	barium	sulphate	sparingly.	
•		In<iltration	-	How	well	water	soaks	into	the	soil.	Some	soils	have	a	poor	absorption	capacity	resulting	in	increased	runoff	
				and	erosion,	while	the	soil	itself	is	dry.		
				Testing:			i)	Push	the	can	3	cm	into	the	soil,	until	it	reaches	the	line	encircling	the	can.			ii)	Quickly	>ill	the	can	with	water.	
					iii)	Time	how	long	it	takes	for	the	water	to	soak	completely	into	the	soil.		
				It	may	take	up	to	10	minutes	or	longer	for	all	the	water	to	soak	into	a	very	compact	or	water	repellent	soil.	More	absorbent	
				soils	will	soak	up	all	the	water	in	only	a	minute	or	two.
• Temperature	-	Soil	temperature	has	a	signi>icant	role	in	helping	to	determine	the	rate	of	plant	growth,	and	whether	a	plant	
will	even	survive.		

				Testing:	To	determine	the	temperature	below	the	ground	surface,	use	a	screw	driver	inserted	into	the	soil.	Remove	the			
				screwdriver	and	insert	the	thermometer	for	one	minute,	then	remove	the	thermometer	and	quickly	record	the	temperature.
• Compaction	-	If	soils	are	too	compact	it	will	be	dif>icult	for	plants	to	establish.	A	good	soil	should	have	a	crumbly	texture	
(like	breadcrumbs).		

				Testing:	Push	a	pencil	into	the	soil	with	a	normal,	steady	force.		How	far	does	the	pencil	go	into	the	soil?.	

Station 2 - Soil Testing


What	is	general	conclusion	about	the	condition	of	the	soil		tested?	(Circle	one	of	the	alternatives	below).	

	 	 Poor		 	 Fair	 	 Good	 	 Very	Good	 	 Excellent	

Key question 2 (continued): What impact have these alterations had on the physical and 
human activities of this area? 


(This is assessed by first-hand investigations of water quality, soil and animal populations at a lake site)

Soil Test Method Measurement Result Rating

1. pH Universal Indicator Number

2. Infiltration Water Test Visual/Time

3. Temperature Thermometer OC

4. Compaction Pencil Test Probe Depth (cm)

Soil Test Result and Rating

1. pH < 5 - poor,                       5 to 6 - fair,                    6.1 to 6. 5 - good                   6.6 to 7.4 - excellent,     
              7.5 to 7.9 - good,                 8 to 9 - fair ,                              > 9 - poor

2. Infiltration < 2 mins - excellent,                               2 to 6 mins - good,                          > 6 mins - poor

3. Temperature < 12 OC - poor,                                   12 to 16.9 OC  - good ,                     17 to 22 OC - excellent
                         22.1 to 27 OC  - good                                   > 27 OC - poor

4. Compaction < 2cm - poor,                                           2 to 5 cm - fair,                                5.1 to 8cm -good,
                         8.1 to 12cm - very good                           > 12cm - excellent

  Page �  of �4 8



� 

Terms explored: 

• Aquatic	invertebrates	(no	backbone)	-	are	small	animals,	such	as	insects,	snails,	crustaceans	and	worms	that	live	in	water.	
• Aquatic	birds	-	bird	species	which	occupy	water	environments	for	most	of	their	lifetime.	
• Bioindicators	-	invertebrate	communities	are	often	used	as	indicators	of	aquatic	ecosystem	health	because	many	species	
are	sensitive	to	pollution	and	sudden	changes	in	their	environment.	Community	characteristics—such	as	abundance,	
richness,	diversity,	evenness,	and	community	composition—can	be	monitored	to	determine	whether	the	community	is	
changing	over	time	due	to	human-caused	impacts.	

	 	 -	aquatic	birds	can	be	reliable	indicators	of	nutrient	status,	>ish	stocks	or	the	abundance	of	aquatic	plants.	

Station 3 - Invertebrate survey (using a dip net) 
Observe the invertebrates in the white tray and/or the samples gathered in containers. Read the 

description of invertebrates below. Tick the box if the invertebrate was identified.


Invertebrate		 1.	Backswimmer	 	 2.	Caddis>ly	Larvae	 3.	Damsel>ly	Nymph		 4.	Dragon>ly	Nymph	
Names:	 	 5.	Freshwater	Shrimp	 6.	Giant	Water	Bug		 7.	May>ly	Nymph	 	 8.	Pond	Snail			
	 	 9.	Water	Beetle	 	 10.	Water	Boatman	 11.	Water	Mite	 	 12.	Water	Scorpion		
	 	 13.	Water	Spider	 	 14.	Water	Treader		 15.	Worm	 	 16.	Mosquito	Fish	(vertebrate)	

Station 4 - Bird survey (your observation) 
During your time at the lake, identify aquatic birds. Circle the bird name below, if it was identified.


Coot(white	beak) Black Duck  Black Cormorant  Egret     Grebe 

Heron    Moorhen	(red	beak) Pied Cormorant   Pelican   Stilt 
Swamphen  Wood Duck  Other ___________ Other ______________ 


Key question 2 (continued): What impact have these alterations had on the physical and 
human activities of this area? 


(This is assessed by first-hand investigations of water quality, soil and animal populations at a lake site) 

Invertebrate Description P Invertebrate Description P
 1. Medium size, 2 ‘wings’ on the side, ‘V’ back.  10. Small ‘black dot’ body. Sometimes larger.
 2. Lives in a small stick.  11. Small red, round body.
 3. Green or brown. Thin body. 6 legs. 3 tails.  12. Large size. Long ‘straw like’ tail.
 4. Looks like a spider but has 6 legs.  13. 8 long legs.
 5. ‘See-though’ body. Looks like a prawn.  14. Small size, 6 legs, ‘walks on water’ 
 6. Medium/large beetle with a ‘V shaped’ back.  15. No legs, long thin body.
 7. Small/medium size. 6 legs. 3 very thin tails.  16. Fins and gills. Looks a bit like a tadpole.
 8. Has a shell and suction foot.  OTHER:
 9. Has a shell, 6 legs, rounded body.  OTHER:

Invertebrate Results (Circle the appropriate number and rating)

Total Species Found 0-2 poor 3-4 fair 5-6 good 7-8 very good 9+ Excellent

Total invertebrate Population 0-10 poor 11-20 fair 21-30 good 31-40 very good 40+ Excellent

Aquatic Birds Results (Circle the appropriate number and rating)

Total Species Identified 0-1 poor 2-3 fair 4-5 good 5-6 very good 7+ Excellent
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Sustainable	Rehabilitation	Strategies	
Students	are	encouraged	to	form	their	own	opinion	on	the	success	of	sustainable	rehabilitation	strategies.	

i) Future	sustainable	use	of	the	Penrith	Lakes	Parkland	Area	–	The	developers	view	

The	information	below	was	supplied	by	the	Penrith	Lakes	Development	Corporation.	(The	quarrying	companies	responsible	
for	rehabilitation).	How	successful	they	are,	or	will	be,	will	be	subject	to	close	examination	and	evaluation.	

“The	Penrith	Lakes	Scheme	is	among	the	most	ambitious	and	comprehensive	quarry	site	remediation	projects	ever	
undertaken.	
Traditional	approaches	to	‘making	good’	disused	quarries	at	the	end	of	their	productive	lives	have	been	far	from	ideal.	Many	
re>lect	the	fact	that	with	the	end	of	production,	some	companies	concerned	have	understandably	lost	interest	in	the	exhausted	
sites	as	their	operations	moved	on	to	new	developing	new	quarries	and	extracting	the	sand	and	gravel	which	is	their	core	
business.	
Filling	large	holes	with	land>ill	and	planting	some	turf	over	the	top	was	often	about	as	sophisticated	as	these	‘remediation’	
activities	got	in	the	past.	Penrith	Lakes	is	the	very	opposite	of	that	approach.		

The	underpinning	principles	of	the	massive	remediation	scheme	are	innovative	and	inspired.	Rehabilitation		includes:	

*Water	Quality	and	Flood	Mitigation	 *Aquatic	Plants		 *Soil	Remediation	 *Revegetation	
*Cumberland	Woodland	 	 *Natural	Heritage”	

(More	detailed	information	is	available	at	:	http://www.penrithlakes.com.au/environment)	

ii)	Future	sustainable	use	of	the	Penrith	Lakes	Parkland	Area	–	Grace	Karstens	–	Too	late?	–Has	sustainability	already	
been	lost?	

A	critical	evaluation	was	put	forward	in	2007	by	Grace	Karskens.	"Water	Dreams,	Earthen	Histories:	Exploring	Urban	
Environmental	History	at	the	Penrith	Lakes	Scheme	and	Castlereagh,	Sydney."	Environment	and	History	13,	no.	2	(May	2007):	
P137–43.				A	‘google’	search	should	<ind	this	reference.	

iii)Future	sustainable	use	of	the	Penrith	Lakes	Parkland	Area	-	The	NSW	government	vision		(Penrith	Lakes	draft	
vision	plan	Dec	2014).	A	‘google’	search	should	9ind	this	reference.	

Station 5 - Sustainable Rehabilitation Strategies  (water management walk) 

Terms explored: 

• Sustainable	-	able	to	be	maintained	for	the	use	of	future	generations.	
• Rehabilitation	-	bringing	back	to	a	positive	condition.	(also-	the	act	of	restoring	something	to	its	original	state)	
• Detention	Basin		-	lakes	designed	to	stop	or	hold	back	water	so	be	can	be	managed.	The	water	is	on	‘detention’.	

Introduction - Water Management Practices


Before reaching the Final _________________ Basin (1) {refers to                           on diagram next page} , stormwater has 

been treated at a number of sites and slowed down by the ____________ of ponds. Within the Final 

Detention Basin there are some further water management practices in place to ensure the stormwater is clean 

enough for recreational use. For sustainable recreational water a well balanced native _______________ needs to 

be in place.


Key question 3 : What sustainable rehabilitation strategies, that minimise environmental 
impacts, are taking place in the Penrith Lakes Area?


(This is observed by a water management walk)
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Sustainable Water Management Practices

Word List:  sluice   chain   harvesting  air pump  detention  stratification  
  bass    nutrients turbidity  boom   carp   blue-green  
  perched  wetlands  submerged  screen  ecosystem  spraying


Problem Effects on water quality Management

A High nutrient run off Encourages _______________ 
algal blooms.

(2) ____________ wetlands (use up nutrients)

(3) Floating Treatment _________________ .

B Excessive sediment 
from land clearing 
and non sealed areas

Causes turbid (brown) water which 
raises water temperature and 
lower O2 by blocking sunlight.

(4) A silt ______________ (filters sediment).

(2) ______________ wetlands (slows inflow).

(1) Detention basin system and (8) sluice gate.

C _______________ 
(high water surface 
temperatures and low 
bottom temperatures)

Stratified water (low O2 at bottom 
level) releases ______________ 
from “floor” sediment. Warm top 
layer encourages algal blooms.

(5) An ______________________ and hoses 
create currents to mix water.

(6) Remote temperature sensor (yellow floating 
buoy with solar panels) triggers the air pump.

D Petrochemicals (e.g. 
oil) and litter

Harmful impacts on ecosystem life. 
Blocks sunlight (low O2).

(7) A trash ______________ holds back oil 
and litter.

E Polluted storm water/
storm events

First flush run-off brings 
pollutants. Large flows can exceed 
basin capacity.

(8) ______________ gate can be closed for 
pollutants or opened when water quality is good 
or during flooding/storms.

F European 
_______________ 
(introduced fauna)

High _____________________ 
- carp stir up sediments and rip 
out water plants which leads to 
lower oxygen and higher nutrients.

Electro-fishing (in the past).

(9) Stocking the lakes with ____________ .

They eat young carp.     (biological control)

G Hydrilla 
 Hydrilla canopies, lowering oxygen 
by blocking sunlight. Chokes out 
__________________ plants.

(10) Weed _________________________ .

(11) Selective _______________________ .

(12) Covering with mats.
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Changing Biomes at Penrith Lakes - investigating the human alteration of biomes to produce 
industrial materials and the environmental effects of these alterations.


 


1. Briefly explain the human alterations to the physical (natural) characteristics (eg landform, 
soils, flora and fauna) of the Penrith Lakes open woodland biome. 


______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________


2. Using your first hand investigations today,  assess the environmental impacts these alterations 
have had on the Penrith Lakes area. Consider impacts on water quality, habitat and biodiversity  
loss and soil quality at Penrith Lakes.


From your investigation, was the water quality (circle one) - Good  Fair    Poor     ?


From your investigation, was the habitat (circle one)   - Good Fair    Poor     ?


From your investigation, was the biodiversity (circle one)  - Good Fair    Poor     ?


From your investigation, was the soil quality (circle one)  - Good Fair    Poor     ?


3. Look at the definitions of sustainable and rehabilitation below:

• Sustainable	-	able	to	be	maintained	for	the	use	of	future	generations.	
• Rehabilitation	-	bringing	back	to	a	positive	condition.	(also-	the	act	of	restoring	something	to	its	original	state)	

Now read Na Daang’s (aboriginal elder) account of the the Penrith Lakes area in the 1800’s.

“It	had	been	a	place	of	plentiful	food	and	thus	many	Aboriginal	people:	ʻplenty	of	wallaby,	kangaroo,	plenty	to	eat.	The	waterways	and	
swamps	nourished	them	with	edible	tubers,	mullet,	eel,	tortoises,	freshwater	mussels	and	waterfowl	–	swans,	wood	duck,	chestnut	teal,	
brown	quail.	Creepers	and	vines	with	yam-like	roots,	like	native	potato	grew	in	great	abundance	along	the	banks	and	>loodplains.”		

a) Do you believe that the strategies to minimise the environmental impacts at Penrith Lakes are 
sustainable? Explain your answer.


______________________________________________________________________

______________________________________________________________________

______________________________________________________________________


b) Do you believe Penrith Lakes is being successfully rehabilitated? Explain your answer.


______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

  Page �  of �8 8

Conclusions  


